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) NARRATIVE:
CALIFORNIA ENVIR ONME NTAL QUAL ITY ACT (CEQA
ENV 2009- 0009- CE
PROJECT DESCRIPTION

I.

12.07, 12.08, 12.10. S, 12.11. 5, 12.21, 12.21. 1,
A propo sed ordina nce amend ing Sectio ns, 12.05, 12.06,
I and Sectio n 91.621 6 of Chapt er IX of the Los
12.221 12.23, 12.32, 13.11, 19.01, Article 4.4 of Chapt er
ishme nt of sign distric ts; create new relief
Angel es Municipal Code to enact new criteri a for the establ
establ ish admin istrati ve civil penalt ies for
provis ions for certain deviat ions from the sign regula tions;
cal correc tions and other measu res to contro l
violati ons of the sign regula tions; and enact relate d techni
enviro nment .
the potent ial impac ts of signs on traffic safety and the visual
II.

PROPOSED ORDINANCE

tions. The major chang es propo sed by the
The propo sed ordina nce amend s the citywi de sign regula
s, and other requir ement s to establ ish a Sign
ordina nce are the tighten ing of eligibility criteri a, finding
digital displays; and increa sed penalt ies for
District; the introd uction of regula tory standa rds for
the propo sed ordina nce is below , follow ed by a
violati ons of the sign regula tions. A brief backg round on
ordina nce.
more specifi c invent ory of the propo sed provis ions of the
Backg round
In 2002, the City enacte d citywi de bans on offThe City's sign regula tions were initially enacte d in 1986.
create d a new regula tory tool, Sign Districts,
site signs, superg raphic signs and mural signs, and also
where the requir ement s of a Sign District
which could allow excep tions to the bans in specif ic areas
ercial or indust rial, or RS in downt own); size
could be met. These requir ement s includ ed zoning (comm
ement al Use Districts. Excep tions were also
(1 block or 3 acres) ; and the requir ed findin gs of Suppl
a specific plan, supple menta l use distric t,
allowe d for signs specifically permi tted pursu ant to
develo pment agree ment or reloca tion agreem ent.
ic Inspec tion Progra m (OSSPIP}. to enable the
Also in 2002, the city adopt ed the Off-Site Sign Period
fee to all off-sit e sign owner s to inspec t and
Depar tment of Building and Safety (DBS) to charge a
nies sued. The case was ultima tely resolv ed
invent ory all the off-sit e signs in the city. Severa l sign compa
in the conve rsion of more than 100 existing
throug h a 2006 settle ment agreem ent, which result ed
ment agree ment was later invalid ated by the
billbo ards throug hout the city to digital displa ys. The settle
courts and curren tly still remain s in litigati on.
challe nging the consti tution ality of its sign bans
At this time, the City was dealin g with multip le lawsui ts
tution al challe nges were on the groun ds that
as well as other aspect s of the sign regula tions. The consti
d for Sign Districts to be locate d almos t
the City's loose eligibility standa rds and findin gs allowe
judgm ents that could infring e upon applic ants'
anywh ere, with their approv al vulner able to subjec tive
First Amen dment (free speech ) rights.
issues raised by the lawsui ts led to a call for
Comm unity oppos ition to the digital conve rsions , and the
Planni ng Depar tment propo sed compr ehens ive
revisio ns to the citywi de sign regula tions in 2008. The
in severa l releva nt lawsui ts agains t the City.
revisio ns that were later put on hold pendin g the rulings
nge to the City's sign bans and to compl etely
Finally, in 2010, the City prevai led in the last major challe
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restore the bans. The Planning Department resumed work, in conjunction with the City Attorney's Office,
on a comprehensive rewrite of the City's sign regulations, resulting in the proposed ordinance.
Proposed provisions
Following is an inventory of the significant provisions proposed by the ordinance. Minor changes for
format and clarity are not included in this list.
Sec. 1-9, 14; Sec. 14.4.21: Consolidates sign regulations in A and R zones, which are currently
scattered throughout the Zoning Code, into one section within Article 4.4. These regulations are
standardized and, in some cases, made more restrictive in terms of allowed sign size and
location.
Sec. 1S, Sec. 14.4.24: The regulations on nonconforming signs have been consolidated into one
section under Article 4.4.
Sec. 18, Sec. 13.11: Enables the formation of Tier 1 and Tier 2 Sign Districts. Tier 1 Sign Districts
can allow off-site signs viewable from outside the District, subject to strict eligibility criteria and
other requirements. Tier 2 Sign Districts can allow off-site signs only if they are not visible from
any public right of way or any property other than the subject property.
Sec. 13.11C1-3: Restricts Tier 1 Sign District eligibility (previously"allowed in any commercial or
industrial zone citywide) to regional centers and hubs of commerce and transport, including LAX,
the Port of Los-Angeles, the greater downtown area, stadiums and zoos. The minimum size
(previously 1 block or 3 acres) is increased to 15 acres or 5,000 feet of street frontage, except in
downtown, where the street frontage required is 2,640 feet. The size standard was increased to
prevent "spot zoning" and to ensure that Tier 1 Sign Districts are located appropriately in true
District-sized centers rather than on individual properties scattered randomly throughout the
city. Sign Districts also cannot be located near low-intensity zones (RW1 and more restrictive),
ecological preserves, state and national parks, a River Implementation Overlay, or scenic
,
roadways.
Sec. 13.11D: Restricts Tier 2 Sign District eligibility to properties not zoned OS or PF, that have at
least 5 acres of non-residential development or 100,000 square fe'et of non-residential floor area.
In regional centers and the greater downtown area, the minimum standard is 3 acres of nonresidential development or 50,000 square feet of non-residential floor area.
Sec. 13.11C4, D4: Introduces stricter, more specific findings for both Tier 1 and Tier 2 Sign
Districts to ensure that any approvals are consistent with relevant court rulings, are based on
time, place and manner of signage display, and support the goals of aesthetic improvement and
traffic safety.
Sec. 13.11F: For Tier 1 Sign Districts, requires that, for each new square foot of new off-site
signage, at least 1 square foot of existing off-site signage be removed within the Sign District or
adjacent Sign Impact Area. Half of this requirement may be met by the provision of Community
Benefits, which can include sidewalk widening, landscaping, streetscape improvements, public
art, or other improvements to the visual environment of the Sign District or Sign Impact Area.
Sec. 14.4.1: Establishes a Purpose section for the sign regulations.
Sec. 14.4.2, 14.4.9: Removes the definition and prohibition of supergraphic sign and regulates
them as wall signs, subject to the wall sign area limits, which effectively eliminates the
possibility of creating signs large enough to be "supergraphics".
Sec. 14.4.3: Adds an exception under the ordinance's scope for interior signs, which currently
are not clearly regulated by Article 4.4. The exception is proposed for signs that are enclosed by
2
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walls, roofs, or other features, provided that the sign face is not visible from any public right of
way or any property other than the subject property. 14.4.3B: Specifies that only the sign types
defined and regulated by Article 4.4 are allowed, to prevent the City from being caught offguard in the future by new sign technologies and sign types for which it has not yet developed
regulations.
Sec. 14.4.4C, 14.4.20: Removes the ban on mural signs so that new regulations for murals can be
proposed (under a separate ordinance).
Sec. 17, 13.11F3, 14.4.4N: Establishes certain protections for historic signs and historic buildings,
to ensure that the sign regulations do not impede their maintenance and rehabilitation. Where
the rehabilitation of historic buildings is incentivized by off-site signage within a Sign District in
the greater downtown area, sign reduction or community benefits would not be required. Also,
the repair or rehabilitation of a historic sign would comply with the California Historical Building
Code and the Secretary of the Interior's Standards rather than the City's general standards for
work on nonconforming signs.
Sec. 14.4.5: Removes the Hazard to Traffic section, which was considered to be essentially
unenforceable by the Department of Building and Safety and Department of Transportation, and
redundant with the provisions of the Freeway Exposure section, which remains in the proposed
ordinance.
Sec. 14.4.6 - 14.4.18: Maintains the existing regulations on on-site signs, except for minor
updates for improved clarity or as otherwise described in this list.
Sec. 14.4.9C: Specifies that, for safety reasons, wall signs cannot cover windows, doors or vents
unless approved by the Fire Department and allowed by a Tier 1 or Tier 2 Sign District.
Sec. 14.4.16E: Allows temporary signs on temporary construction walls to be installed in RAS
zones. Uses allowed in the newer RAS zones were previously allowed in C zones, where these
signs were initially allowed.
Sec. 14.4.4M, 14.4.22, 14.4.23: Introduces specific processes for requesting deviation from the
sign regulations: Sign Variances and Sign Adjustments, which parallel the existing processes of
the Zone Variance and Zoning Administrator Adjustment, with specific findings for signs.
Sec. 10, 11, 12, 13; Sec. 14.4.22: Requests that previously would have been made through a
Conditional Use Permit (for signs on commercial corners, mini shopping centers and automotive
uses) would now be made through a Sign Adjustment. Due to court rulings, Conditional Use
Permits are no longer an acceptable method for approving signage.
Sec. 14.4.25 and 26: Introduces new penalties for violations of the off-site sign regulations, in
substantial amounts commensurate with the high value of off-site signs. The penalties vary from
$2,500 to $48,000 per day depending on sign size and number of violations. The proposed
ordinance also introduces a process for appeals of citations.
Sec. 14.4.19: Institutes regulations for digital displays, which previously did not have specific
regulations. The regulations proposed include brightness restrictions, message display time and
transition time, and requirements on how brightness is to be measured.
Sec. 20: Allows the "grandfathering" of initiated or applied for Sign Districts and Specific Plans,
and approved discretionary land use applications, so that these projects can be reviewed under
the current eligibility standards for Sign Districts. The application fees, findings, and required
sign reduction/community benefits would still be required for these projects.
Sec. 21, 22, 23; Sec. 19.01: Updates the applications fees associated with the various processes
defined in the ordinance, to be consistent with current costs for processing these applications.
Ill. EXISTING. ENVIRONMENT AND REGULATIONS
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A. Existing Environment
Off-Site Signs
There are currently four Sign Districts, in which some off-site, supergraphic and/or mural signs are
allowed: the Hollywood Signage Supplemental Use District, the 15th Street/San Pedro Sign District, the
Figueroa and Olympic Sign District, and the Convention and Event Center Specific Plan and Sign District.
In addition, there are two specific plans, the LA. Sports and Entertainment District (LASED} Specific Plan
and the USC Specific Plan, that allow signage that is otherwise prohibited citywide.
The 2006 settlement agreements led to the conversion of 103 off-site signs to digital displays. The
settlement agreement was later invalidated by the courts and currently still remains in litigation. The
Department of Building and Safety's recent survey of off-site signs revealed that there are a total of
5,874 off-site signs in the city (see Attachment 1, Map of Off-Site Signs in the City of Los Angeles).
Currently staff is aware of fifteen potential Sign Districts that have been applied for or that are in the
planning stages and for which an application may be submitted at some point in the future. These
fifteen potential projects have been summarized on a "Grandfathering List" (see Attachment 2), so
called because under the proposed ordinance, these projects would be "grandfathered" in the sense
that they could apply to become Sign Districts under the current eligibility standards, but would still
have to provide the required findings, sign reduction and/or community benefits, and pay the new
proposed application fee. These potential new Sign Districts, if approved, would create a yet-to-bedetermined amount of new off-site signs, but would also be required to remove an equal amount of
existing off-site signage and/or provide a commensurate level of community benefits, in addition to
meeting the stringent new proposed findings that give considerable weight to aesthetics as well as
traffic safety considerations.
On the basis of having all of these proposed new measures in place, the fact that any new Sign District
would have its own CEQA analysis and any required mitigation measures; and the expected impacts as
set forth in the Additional Technical Analysis below, the impact of the new off-site signs under the
proposed ordinance is expected to be less than significant.
On-Site Signs
On-site signs are essential to the everyday functioning of cities, enabling the public to navigate streets
and find businesses, stores, restaurants, factories, houses of worship, offices, parks, schools, residences
and all the other uses and features that define urban areas. Certainly, it is safe to say that without onsite signs, urban life as we know it could not exist, which is why urban designers and theorists call signs
"the language of cities."
Sign regulations are intended to promote effective use of this language, to ensure clarity, legibility and
visibility in ways that promote the public interest. Sign regulations are deemed ineffective if they allow
visual clutter, resulting in what is often called "the visual shouting match".
Since 1986, the City of Los Angeles has benefited from comprehensive, citywide signage controls.
Relying on extensive input and review from both residents and industry representatives, and aided by a
4
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Sign Advisory Committee, the City Council enacted detailed baseline regulations governing the spacing,
height, number, location, type and area of signs. In some places, the Council has enacted signage
regulations that are more restrictive than the citywide controls, while in still other places, less restrictive
regulations have been adopted. In both cases, the locally focused regulations were intended to address
community and neighborhood specific issues, concerns, and opportunities.
In Los Angeles, a city of 469 square miles, signs are allowed in every zone. The table below identifies the
total number of lots in the city, by land use:

Generally speaking, the number of on-site signs a property owner puts up on a lot is a function of
multiple factors. These factors include the type of use and the number of office, business, residential,
retail or other tenants. Compliance with local regulations is another factor, as well as corporate
standards for national and formula retail establishments, and for smaller, independent businesses,
individual taste and aesthetics. Finally, physical, environmental, and topographical features are also
influencing variables, including the placement of buildings on a lot, distance from the street, whether a
lot is a corner lot or mid-block, and variables that may reduce visibility, such as street lights, trees and
shrubbery, and adjacent buildings.
With the exception of off-site signs, no comprehensive survey or inventory of the number of existing
signs has ever been completed for the City of Los Angeles. A project of this magnitude, if ever
undertaken, would be enormously expensive and time-consuming. Still, the following five years of sign
permit data are instructive:

5
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What this data tell us is that commercial property owners are, by far, the largest installer of signs,
followed by industrial property owners. Though the largest number of lots in the city is residential,
owners of these lots are far less likely to install signs on their property than are owners of commercial
and industrial lots.
Given the largely built-out nature of Los Angeles the number of new signs projected to be installed is
quite modest. Generally speaking, the greatest number of new signs is expected to be installed on land
that is currently vacant. The 949,950 total lots in the city form 699,441 parcels, of which a very modest
5.2 percent are vacant (a total of only 36,458 parcels). Remodels and additions to existing structures
may result in a net increase in signs, but in most instances existing structures- and thus their signs- are
demolished to make way for new development. In some cases new development may actually result in
a net decrease in the number of new signs. For example, a single-tenant office building may replace a
multi-tenanted mini-mall.
The following table projects the City's 25-year growth in housing and employment from a baseline year
of 2010 until 2035:

1. Bureau of Census, 2010 Census, SF1, April 2010.
2. SCAG RTP 2012, Apri/2012.

During this 25-year period, housing is projected to grow at an annual rate of 0.78% and employment is
projected to grow at an annual rate of 0.22%. As shown in the table below, the number of new
residential signs and the number of new commercial and industrial signs can be expected to track the
City's growth in housing and employment. For these projections, the projected annual growth rate for
housing is applied to residential lots as well as to those zoned for public facilities and open space, since
those uses are provided in response to increases in residential population. The housing growth rate is
also applied to agricultural lots since The growth rate for employment is applied to lots zoned for
commercial, industrial and parking uses, since those uses are generally developed in correlation with
increases in employment.

Public

0.22%

1,167

1,185

1,195

1,204

0.22%

269

271

273

275

278

2

0.78%

2

2

2

2

2

169

0.22%

170

172

173

174

176

10

0.78%

10

10

10

10

10
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Residential

67

0.78%

68

68

69

69

70

Total

1,684

N/A

1,698

1,712

1,725

1,738

1,752

These projections indicate a very gradual increase in the number of on-site signs citywide in the
foreseeable future of the next 25 years. Under the proposed ordinance, the regulations governing those
signs will change very little from the current regulations. Thus, the proposed ordinance will introduce
very little change to the regulation of a very slowly increasing number of on-site signs. The overall
environmental impact of the proposed ordinance in terms of on-site signage is therefore expected to be
less than significant. In addition, as discussed later in this document, these less than significant impacts
will fall entirely within a Categorical Exemption (Class ll(a)- on-site signs), and the vast majority of onsite signs will also fall within the Class 3 Categorical Exemption (small structures).

B. Existing Regulations
All things considered, the proposed ordinance is substantially more restrictive than the City's existing
signage regulations. Below is a summary of the existing· regulations that would be made particularly
more restrictive by the proposed ordinance. By lessening the future impacts of signage in regard to
these provisions, the proposed ordinance is expected to provide environmental benefits throughout the
city for the foreseeable future.
Currently, Sign Districts are allowed in any commercial or industrial zones throughout the city (see
Attachment 3). The allowed size of Sign Districts is only 1 block or 3 acres. The required findings are only
the general findings required for all Supplemental Use Districts, with no specific findings required that
pertain to signage in terms of aesthetic or traffic safety concerns or First Amendment protections. These
standards generally allow for Sign District applications to be submitted and approved in a wide variety of
locations throughout the city. The proposed ordinance substantially limits the areas of the city eligible to
become Sign Districts (see Attachment 4), requires stricter and more sign-specific findings to establish a
Sign District, and requires removal of existing off-site signage and/or provision of community benefits in
order to establish a Sign District. These measures are expected to substantially lessen the environmental
impacts of Sign Districts in the City of Los Angeles.
The current regulations do not impose significant penalties for violations of the sign regulations. A fee of
several hundred dollars is charged by the Department of Building and Safety upon citation for code
violations. This fee is mainly designed to recoup the costs of enforcement. Because off-site signs can
generate daily revenues that are hundreds or thousands of times greater than these fees, there is
generally insufficient financial incentive for owners of off-site signs to comply with the regulations.
There have been a number of cases in the city where off-site signs remained in place long after they had
been cited. In recent years, the City has turned to criminal prosecution as a means to gain compliance
with its off-site sign regulations. The proposed ordinance creates significant penalties for off-site sign
violations. These penalties are commensurate with the high value of off-site signs and are expected to
increase code compliance and reduce the environmental impacts of illegal off-site signs throughout the
city.
Currently, the LAMC contains no specific regulations for digital displays. Some ofthe new digital displays
may be objectionably bright. Currently, there is no code provision that prevents the installation of new
sign types for which regulations have not yet been developed, leaving the City vulnerable to future
technologies and a potential repeat of the difficulties encountered with digital displays. The proposed
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ordinance introduces up-to-date regulations for digital displays in terms of brightness limits and
measurement, as well as message duration and message transition times. These new standards are
expected to decrease the environmental impacts of digital displays in terms of aesthetics (light and
glare) and traffic safety.
IV. ENVIRONMENTAL REVIEW UNDER CEQA

The initial environmental review conducted for this proposed ordinance was submitted as a Negative
Declaration, most recently updated in April 2009. Since that time, a number of changes have been made
to the proposed ordinance through its review before the Planning and Land Use Management (PLUM)
Committee of the City Council, necessitating a new review of the environmental analysis of the
ordinance as a whole. (See Attachment 5, April 2009 proposed ordinance.) Based on this updated
analysis, staff has concluded that the most appropriate environmental clearance for the proposed
ordinance is now a Categorical Exemption. The below analysis details the differences between the April
2009 proposal and the currently proposed ordinance, and explains why a Categorical Exemption is now
the recommended CEQA clearance for this proposed ordinance.
Table 5 Comparison of April 2009 proposed ordinance and current proposal
Is current
Provision

April 2009 proposal

Current proposal

Sign District
eligibility

Regional centers,
downtown
"1 for 1" required (1
sq ft of existing
signage removed for
each 1 sq ft of new
signage)

Added LAX, Port,
stadiums, zoos
1 for 1" required,
unless community
benefits approved
to substitute for
half
Added limits on
proximity to parks,
river, scenic
roadways
6 findings (added
one related to
court rulings I env.
impacts)
Same, but language
clarified through an
exception outlined
for interior signs

Sign reduction in
Sign Districts

proposal more or
less restrictive

Is current proposal
more or less
restrictive than

than April 2009?

existing regulations?

less

More

Less

More

More

More

More

More

About the same

About the same

II

Sign District
proximity to
sensitive uses

Not next to RW1 or
more restrictive
zones

Sign District
findings

5 findings

Interior vs.
exterior signs

Scope of regulations
is limited to exterior
signs

Digital displays

Prohibited

Allowed with
specific regulations

Less

More

Comprehensive
Sign Programs
(CSP) /Tier 2 Sign

CSP's require
Director's review.
No off-site signs.

Tier 2 SD's require
legislative review,
tighter findings.

Some provisions
more; some less

Some provisions
more; some less
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Provision

April 2009 proposal

Districts (SD)

Current proposal

Is current
proposal more or
less restrictive
than April 2009?

Is current proposal
more or less
restrictive than
existing regulations?

Off-site signs
allowed for interior
view only.

Temporary signs

Can display off-site
messages

Cannot display offsite messages

More

More

Roof signs

Prohibited

Allowed (revert to
existing code)

Less

Same

Hazard to traffic

Included

Removed; was not
enforceable

About the same

About the same

Sign Modifications

Sign Adjustments
and Sign Variances

About the same

About the same

Max sign area, limits
on number, etc
2 projects

Revert to existing
code
15 projects

Less

About the same

Less

More

Relieffrom onsite sign
regulations
On-site sign
regulations
"Grandfathering"

There are several significant differences between the ordinance for which a Negative Declaration was
proposed in April 2009 and the currently proposed ordinance. Many of the new changes have made the
proposed ordinance more restrictive than in April 2009, while other changes have made the current
proposal less restrictive. On balance, when these changes are considered together in terms of their
potential effect on the city's environment as a whole, staff has determined that the overall impact will
be less than significant, and can fit within several Categorical Exemptions.

Less Restrictive Provisions
Below is a discussion of the potentially significant changes that, on their surface, make the proposed
ordinance less restrictive than the ordinance proposed in April 2009. Upon further examination, as
detailed below, these provisions can be seen to have a negligible and less than significant environmental
impact.
Sign District Eligibility
The areas eligible to apply for Sign Districts under the currently proposed ordinance have been
expanded from the April 2009 proposal to include LAX, the Port of L.A., large stadiums and zoos. The
inclusion of LAX, the Port of L.A. and large stadiums is not a significant departure from the previous
proposal, since these types of developments are regional hubs of commerce that are very similar to the
uses allowed within Regional Centers, which have been widely accepted as the most appropriate
locations in the city for Sign Districts. It is also relevant to note again here that the current regulations
allow Sign Districts in any CorM zone, and enable Specific Plans to authorize off-site signs anywhere in
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the city- so the proposed ordinance still represents a considerable restriction of where off-site signs can
be located in the city.
Extending Sign District eligibility to zoos will also have a negligible impact, because zoos will only be
eligible if any off-site signs located there are not visible from any outside property or public right of way
not on the subject property. This would prevent any off-site signs from having any impact on the
surrounding neighborhood.
Section A.1 of the City of Los Angeles CEQA Thresholds Guide states that "aesthetic impact assessment

generally deals with the issue of contrast, or the degree to which elements of the environment differ
visually." By ensuring that off-site signs will not impact the areas surrounding a Sign District located
within a zoo, the ordinance ensures that there will be no contrast introduced between new signage and
the existing environment surrounding the new Sign District. The proposed ordinance thus passes all the
screening criteria outlined by the CEQA Thresholds Guide for aesthetics, since there will be no impact on
the surrounding area. As for the area within a zoo, the impacts of any proposed signage cannot be
analyzed at this time because there has not been any specific proposal. If and when a Sign District is
formally requested for a zoo, the application would include specific requests and would be subject to a
CEQA review specific to those requests.
In addition, the impacts of any off-site signage allowed within a zoo would be limited by several factors
inherent to the property itself:
The scale, function and pedestrian orientation of the property on which the signage is located.
Unlike signs in the public right of way, which in Los Angeles are generally designed to attract the
attention of high volumes of moving vehicular traffic, signs within zoos are designed to convey
information to relatively slow-moving pedestrian patrons. The people walking around on the
interior of zoos generally are free to walk slowly, pause and look at things, and even sit for a
while. The size, brightness and visual obtrusiveness required to create signage that can attract
their attention is much less than that required to attract the attention of passing vehicular
traffic. Installing overly large and bright signage for pedestrian observers would be a waste of
money and space, and would thus be unlikely to happen. Staff knows of no examples of interior
signage in Los Angeles or any other city that has been criticized for being out of scale or
otherwise incompatible with the visual environment of a property's interior. Certainly, such
signage has not become a locally prominent public issue in the way that exterior off-site signage
has.
Market correction of impactful zoo/interior signage. Extending from the point made above,
signs within zoos are viewed by an audience that has chosen to be on that particular property.
This is in contrast to exterior signs, which are designed principally to be viewed by passing
drivers whose only choice in the matter is most often that they have chosen the most expedient
route to get from one point to another. If a driver finds a particular exterior sign visually
impactful or unpleasant, even if the driver goes so far as to choose a different route to avoid the
sign, there will be no negative financial impact on the owner of the sign. However, if a patron of
a zoo finds a sign on that property to be aesthetically impactful or unpleasant, and chooses not
10
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to return to that property, there will be a negative financial impact on the property owner as
well as any tenants. If the negative visual impact of the sign is significant, the negative financial
impact on the property owner/tenants will be significant. Thus, market forces will ensure a low
likelihood of zoo/interior signage creating significant aesthetic impacts.
Finally, there would be no impacts on traffic safety due to any Sign District at a zoo, since the off-site
signs would not be visible to passing traffic.
Interior Signs

The currently proposed ordinance adds clarity to the existing scope of the ordinance, which states that
the ordinance regulates only exterior signs. That scope, in Section 14.4.3A, was essentially the same
from the existing regulations through the April 2009 proposal. Under the new proposed scope, it is
possible for an off-site sign to fall under the proposed exception. To do so, the sign could not be visible
from any public right of way or any property other than the subject property. For ease of reference,
such a sign could be referred to as an "interior sign". As with any Sign District at a zoo, interior signs as
described within this exception will create no aesthetic contrast between the new signage and the
existing environment surrounding the property that has the interior sign.
As far as the environment within the property that has the interior sign, the primary potential impact of
such signage would be aesthetic. The screening criteria outlined by the CEQA Thresholds Guide for
aesthetics for the most part pertain to the "neighborhood, community, or localized area" which would
not be impacted by interior signs. The one criterion that might pertain is the one that asks whether a
project would "develop or allow development in an existing natural open space area". It is possible that
an interior sign might be located within an. open area on a particular property, although it is more
difficult to imagine that the sign would be located in a large, natural open space area as the Threshold
language seems to be describing. Nonetheless, for purposes of analysis, it is worthwhile to explore this
possibility. The Significance Thresholds that apply to open space areas and do not pertain only to the
"neighborhood, community, or localized area" are:

The amount of natural open space to be graded or developed;
The degree to which proposed structures in natural open space areas would be effectively
integrated into the aesthetics of the site, through appropriate design, etc
In the case of interior signs, the type of signs that might potentially be impactful would be relatively
large, bright signage or off-site signage. These types of signs typically are installed on commercial
developments. The amount of natural open space to be graded or developed would most likely be
relatively small, since the property values per square foot of commercial property is typically such that
they tend to be developed in a dense manner, without a great deal of open space left that would fit the
Thresholds description of a "natural open space area". The degree to which an interior sign would be
effectively integrated into the aesthetics of the site would be regulated to the same degree that other
aspects of the interior of a property are regulated. The City does not typically codify regulations for the
interior aesthetics of a property, where such aesthetics are not visible from outside the property.
In addition, the other factors that limit the impacts of off-site signs within a zoo, as described in the
section above, would also apply to interior signs. These factors include the pedestrian scale and
orientation of the interior of virtually all properties, where walkways and visual information are geared
11
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for the smaller scale of pedestrian use and viewing; and the tendency of aesthetically pleasant
environments to attract customers and patrons, creating an inherent incentive toward visually
appropriate interior signage that does not create negative aesthetic impacts.
Finally, interior signs would create no traffic safety impacts, since they cannot be viewed from any public
right-of-way.
Sign Reduction in Sign Districts

In the currently proposed ordinance, community benefits can substitute for up to half of the required
sign reduction; whereas the April 2009 proposal included no community benefit option. While this does
reduce the potential for sign reduction, which can be seen as having a potential aesthetic impact, that
impact is offset by the fact that all new Sign Districts must meet stringent findings that weigh heavily
upon aesthetic considerations as well as traffic safety.
Those proposed findings are as follows:
a. The area of the proposed Sign District comprises an existing or future district with a unique
regional identity that serves or will serve as a regional destination or hub of commerce, culture,
entertainment, or international transport; and
b. The area of the proposed Sign District possesses a unique quality, theme or character, or zoning
c.

regulations have been established to create a unique quality, theme or character; and
The proposed signs include special design or architectural attributes that support the
maintenance or creation of the Sign District's unique quality, theme or character; and

d. The proposed design or architectural attributes of the proposed signage are compatible with the
surrounding environment. Compatibility shall be determined by the relationships of the
elements of form, proportion, scale, color, materials, surface treatment, overall sign size and the
size and style of lettering. The surrounding environment shall be comprised of other nearby
signs, other elements of street and site furniture, and adjacent and surrounding properties,
including residential areas; and
e. If the Sign District provides an exception to the citywide ban on off-site signs or any other
provision of the citywide sign regulations, the ban or other provision will continue to directly
advance the purposes of aesthetics and traffic safety despite the exception; and
f. Any aesthetic or traffic safety harm resulting from allowing signs that would otherwise be
prohibited or restricted by the citywide ban on off-site signs or other provision of the citywide
sign regulations is outweighed by the elimination of blight, or the improvement of aesthetics or
traffic safety, resulting from establishment of the Sign District.
These new, strict and detailed findings thoroughly address any aesthetic concerns that could potentially
arise from new off-site signage. These required findings would sufficiently limit the potential impact of a
decreased sign reduction requirement, so that such potential impacts would be less than significant.
Digital displays:

The currently proposed ordinance introduces a number of new limits and restrictions on digital displays,
which are largely unregulated in the current code, and were outright prohibited in the April 2009

12

CEQA Narrative: ENV 2009-0009-CE
Page 13 of 30
proposal. The proposed ordinance thus arrives at a middle ground, where the reality of technological
advancements in signage is acknowledged, but the potential aesthetic impacts of that signage are
limited by substantial regulatory limits on the location, brightness, message duration, message
transition, and brightness measurement standards for all digital signage. In addition, off-site digital
signage regulated by the ordinance would be limited to Sign Districts.
The CEQA Thresholds Guide, Section A4 (Aesthetics - Nighttime Illumination) provides the following as
an initial study checklist question:

Would the project create a new source of substantia/light or glare which would adversely affect day or
nighttime views in the area?
Digital displays are a potential source of substantial light or glare. However, the restrictions on their
brightness and location substantially limit that light and glare to brightness levels that were field-tested
by multiple City staff. Light and glare will be further limited by the proposed restriction of digital off-site
signs to Sign Districts, which will only be allowed in commercially intense areas that meet the stringent
proposed eligibility standards.
The CEQA Thresholds Guide further provides two screening criteria for nighttime illumination, which are
addressed as follows:

Would the proposed project introduce light likely to increase ambient nighttime illumination
levels beyond the property line of the project site?
The proposed ordinance implements a strict two-pronged standard for digital sign brightness
that limits both the luminance (brightness of the sign measured at the source of brightness) as
well as illuminance (brightness of the sign measured at a point a measured distance away from
the sign, measuring the amount of brightness reaching that point). The illuminance
measurement, in foot-candles, is taken in relation to the ambient brightness level, and in effect
measures the contribution of the sign to the ambient brightness ·levels in the area surrounding
the sign. This measurement is proposed at a ten-fold decrease from the previous standard (from
3 foot-candles to the recommended 0.3 foot candles). In addition, there are separate standards
for day and night luminance: 450 candelas per square meter during the nighttime and 7,500
candelas per square meter during the daytime. These standards were field-tested in a variety of
settings and conditions on two occasions by staff from the Planning Department and
Department of Building and Safety. Thus, the proposed ordinance will create a substantial
limitation on brightness, which will reduce the impact of digital signs on ambient nighttime
illumination to a less than significant level.

Does the project include lighting that would routinely spillover onto a light-sensitive land use?
The proposed ordinance places strict limitations on proximity of Sign Districts to sensitive land
uses. The ordinance would require that no off-site sign be located:

(a) within 500 feet of an RW1 zone or a more restrictive zone; an ecological preserve, as defined
by California Fish and Game Code Section 1584; a state or national park; or an adopted River
Implementation Overlay; or
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(b) along the frontage of, or on public fond within five hundred feet of the center line of, a major
highway or secondary highway identified as a scenic highway, scenic parkway, scenic corridor or
scenic route as designated on an adopted specific plan, community plan or adopted element of
the General Plan.
These limitations were added to fully address concerns raised by community members. The
proposed ordinance thus contains sufficient restrictions on light spillover to light-sensitive land
uses.
Comprehensive Sign Programs

In the April 2009 proposal, Comprehensive Sign Programs were proposed as a regulatory tool to allow
deviations from the sign regulations in the context of signage programs for larger developments. As the
proposed ordinance moved through hearings before PLUM and the City Council, the form of this
regulatory tool changed to allow a greater variety of developments, including those that might
incorporate off-site signage. The inclusion of off-site signs, however, is only allowed within the proposed
ordinance under very limited conditions- the sign must not be visible from any property other than the
subject property, nor from any public right of way. The name of this process has also been changed to a
Tier 2 Sign District, and the level of review has been elevated from Director's approval to legislative
review and approval before the City Planning Commission, PLUM Committee of City Council, and full City
Council. In addition, all of the strict findings of a Tier 1 Sign District are also required for a Tier 2 Sign
District.
Any potential impacts caused by off-site signs within Tier 2 Sign Districts would fall within the category
of aesthetic impacts, and would chiefly pertain to pedestrian patrons observing the signage from within
the interior of the property. This is the same matter that has been discussed at length in previous
sections of this document under the headings "Sign District Eligibility" and "Interior Signs". As far as Tier
2 Sign Districts are concerned, the conclusions are the same: the potential environmental impacts of offsite signs visible only within the interior of a property would be less than significant, and would fall
within the Categorical Exemption for small structures (Class 3). In addition, the six rigorous findings
required for Tier 2 Sign Districts, as listed above under the heading "Sign Reduction in Sign Districts",
would limit any potential aesthetic impacts.
"Grandfathering"

Under the current proposal, 15 projects would be allowed to apply under the existing eligibility
standards for Sign Districts (see Attachment 2}; whereas in the April 2009 version, only two such
applications were to be "grandfathered". Although on the surface this is a significant change, the actual
potential impacts of the grandfathered projects would be reduced to a less than significant level by the
strict new findings required for all Sign Districts, as well as by the required sign reduction and
community benefits. The majority of the meaningful new requirements of Sign Districts that are
designed to bring about aesthetic improvements in the city's visual environment would apply to the
"grandfathered" projects. In actuality, the term "grandfathering" as applied to these projects is
something of a misnomer, as the term usually describes a project is exempt from new regulations. For
these 15 projects, all of the new regulations would apply except for the eligibility standards to apply for
Sign District status. After this beginning-stage standard is satisfied, the review and approval of all of the
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"grandfathered" projects would have to conform to the same requirements and standards as all new
and future Sign District applications.
The new required findings, which would apply to all new as well as "grandfathered" projects, were
designed to thoroughly address aesthetic impacts as well as traffic safety. These findings are listed
above under the heading "Sign Reduction in Sign Districts". As long as these findings are met, which will
be a requirement of any new "grandfathered" Sign District, there will be minimal or less than significant
aesthetic impacts created by the grandfathered project.
More restrictive provisions
In addition to the "less restrictive" provisions described above, there are several key changes to the
proposed ordinance that now make it more restrictive than the previous version of April2009:
Sign District Proximity to Sensitive Uses
The proposed ordinance contains provisions that specifically limit the proximity of Sign Districts so that
they cannot impact sensitive uses. These uses include state and national parks, River Implementation
Overlays, and a variety of scenic roadways. These provisions were added to address the concerns of
community members, and make the proposed ordinance more restrictive than the version proposed in
April 2009. Specifically, these provisions protect sensitive uses from the potential impacts of light and
glare that might result from off-site signs being installed within a zoo, within a Tier 2 Sign District, or
within the interior of any property when the sign falls within the exception for interior signs under the
ordinance's scope. The potential impacts of those new provisions are already substantially limited by
strict findings, clear definitions, brightness standards and legislative review processes; and are further
limited by these protections of sensitive uses.
Sign District Findings
The findings required to establish a Sign District have been expanded to take into account the latest
court rulings, and also address environmental concerns. One new finding has been added since the April
2009 version, bringing the total number of findings to six. The new finding is as follows:

Any aesthetic or traffic safety harm resulting from allowing signs that would otherwise be
prohibited or restricted by the citywide ban on off-site signs or other provision of the citywide
sign regulations is outweighed by the elimination of blight, or the improvement of aesthetics or
traffic safety, resulting from establishment of the Sign District.
This new finding is designed to incorporate a court ruling that, in granting exceptions to the citywide ban
on off-site signs, there must be enough benefit in terms of aesthetics or traffic safety to outweigh any
negative impacts caused by the new signage. This finding directly addresses the principal aesthetic and
traffic safety considerations of this environmental review, and provides even more meaningful support
to the measures already in place within the proposed ordinance to control and limit any potential
aesthetic and traffic safety impacts of off-site signage.
Temporary Signs
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In the April 2009 proposal, temporary signs were allowed to be off-site signs. In reviewing and revising
the ordinance before PLUM, this provision was identified as a potential loophole that could allow off-site
signs to be installed relatively easily under the allowance for temporary signs. The provision was
therefore changed to clarify that temporary signs cannot be off-site signs. This regulation provides
further assurance that the overall potential aesthetic impacts of off-site signage throughout the city
from the proposed ordinance would be minimal or less than significant.
The addition of the above, "more restrictive" provisions substantially limits any potential impacts
introduced by the new provisions that are "less restrictive" than in the ordinance previously proposed in
April 2009. The new limitations on proximity of Sign Districts to sensitive uses, stricter findings for Tier 1
and Tier 2 Sign Districts that mandate aesthetic and traffic safety benefits to counteract any negative
impacts, and elimination of a potentially impactful loophole involving temporary signs all combine to
create a significant package of regulations to ensure that the impacts from the proposed ordinance
would be minimal or less than significant. As discussed throughout this document, the remaining
impacts have been determined less than significant, and the inherent small size of signs enables them to
fit within Categorical Exemptions for small structures (Class 3) and accessory structures/on-site signs
(Class 11). Therefore, the Negative Declaration filed in April2009 has been determined to be superseded,
and the currently proposed ordinance can now be covered by a Categorical Exemption.
CEQA Categorical Exemptions

An analysis of those two Categorical Exemptions follows below. This analysis focuses mainly on
aesthetics, which in Los Angeles is the most potentially significant environmental impact related to
signage. In public hearings and input from stakeholders, aesthetic-related concerns come up more than
any other concern related to the potential environmental impacts of signage. Potential traffic safety
impacts have also come up, and are addressed in Paragraph P under Section V of this document,
Additional Technical Analysis. The other potential impacts, which have principally to do with brightness,
have not surfaced as a significant concern in public discussions about signage in Los Angeles. This may
be because Los Angeles is a city that already has significant and widespread brightness resulting from
widespread development throughout the city that has left relatively few open and undeveloped areas.
Class 3. Small Facilities

State CEQA Guidelines Section 15303 (Class 3) consists of "construction and location of limited numbers

of new, small facilities or structures; installation of small new equipment and facilities in small
structures; and the conversion of existing small structures from one use to another where only minor
modifications are made in the exterior of the structure."
City of Los Angeles Environmental Quality Act Guidelines, Article Ill, Class 3 consists of "construction and
location of limited numbers of new, small facilities or structures, installation of small new equipment and
facilities in small structures; and the conversion of existing small structures from one use to another
where only minor modifications are made in the exterior of the structure."
Most signs fall into the category of small structures. Practically all on-site signs can be classified
as small structures, with the possible exception of some exceptionally large roof signs, pole signs,
and high-rise wall signs. Thus, the vast majority of on-site signs would be exempt under Class 3
as small structures. For the purposes of this CEQA analysis, all on-site signs would be allowed by
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In the April 2009 proposal, temporary signs were allowed to be off-site signs. In reviewing and revising
the ordinance before PLUM, this provision was identified as a potential loophole that could allow off-site
signs to be installed relatively easily under the allowance for temporary signs. The provision was
therefore changed to clarify that temporary signs cannot be off-site signs. This regulation provides
further assurance that the overall potential aesthetic impacts of off-site signage throughout the city
from the proposed ordinance would be minimal or less than significant.
The addition of the above, "more restrictive" provisions substantially limits any potential impacts
introduced by the new provisions that are "less restrictive" than in the ordinance previously proposed in
April 2009. The new limitations on proximity of Sign Districts to sensitive uses, stricter findings for Tier 1
and Tier 2 Sign Districts that mandate aesthetic and traffic safety benefits to counteract any negative
impacts, and elimination of a potentially impactful loophole involving temporary signs all combine to
create a significant package of regulations to ensure that the impacts from the proposed ordinance
would be minimal or less than significant. As discussed throughout this document, the remaining
impacts have been determined less than significant, and the inherent small size of signs enables them to
fit within Categorical Exemptions for small structures (Class 3) and accessory structures/on-site signs
(Class 11). Therefore, the Negative Declaration filed in April2009 has been determined to be superseded,
and the currently proposed ordinance can now be covered by a Categorical Exemption.
CEQA Categorical Exemptions

An analysis of those two Categorical Exemptions follows below. This analysis focuses mainly on
aesthetics, which in Los Angeles is the most potentially significant environmental impact related to
signage. In public hearings and input from stakeholders, aesthetic-related concerns come up more than
any other concern related to the potential environmental impacts of signage. Potential traffic safety
impacts have also come up, and are addressed in Paragraph P under Section V of this document,
Additional Technical Analysis. The other potential impacts, which have principally to do with brightness,
have not surfaced as a significant concern in public discussions about signage in Los Angeles. This may
be because Los Angeles is a city that already has significant and widespread brightness resulting from
widespread development throughout the city that has left relatively few open and undeveloped areas.
Class 3. Small Facilities

State CEQA Guidelines Section 15303 (Class 3} consists of "construction and location of limited numbers

of new, small facilities or structures; installation of small new equipment and facilities in small
structures; and the conversion of existing small structures from one use to another where only minor
modifications are made in the exterior of the structure."
City of Los Angeles Environmental Quality Act Guidelines, Article Ill, Class 3 consists of "construction and
location of limited numbers of new, small facilities or structures, installation of small new equipment and
facilities in small structures; and the conversion of existing small structures from one use to another
where only minor modifications are made in the exterior of the structure."
Most signs fall into the category of small structures. Practically all on-site signs can be classified
as small structures, with the possible exception of some exceptionally large roof signs, pole signs,
and high-rise wall signs. Thus, the vast majority of on-site signs would be exempt under Class 3
as small structures. For the purposes of this CEQA analysis, all on-site signs would be allowed by
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the proposed ordinance in the same manner as they are currently, except in a few cases where
new restrictions have been imposed. Thus, even for the larger on-site signs, there would be no
new impacts created by the proposed ordinance.
The largest signs that could be allowed by the proposed ordinance would be off-site signs in the
form of billboards, which could only be located in Sign Districts or as interior signs. (Off-site signs
in the form of "supergraphics" would not be allowed as such under the proposed ordinance,
since they would have to fit within the size limitations of wall signs.)
Billboards in Sign Districts can be considered as "limited numbers of new, small facilities". They
are limited because, compared to the existing regulations, the proposed ordinance greatly limits
where Sign Districts can be located, thus greatly limiting the numbers of billboards that can be
constructed. The difference between areas currently eligible for Sign Districts and the areas
proposed to be eligible is illustrated by the attached maps (Attachments 3 and 4), titled "Areas
Eligible for Sign Districts (Current)" and "Areas Eligible for Sign Districts (Proposed)".
In terms of aesthetic impact, new billboards in Sign Districts can be considered to be small in the
context of their surroundings. Section A.l of the City of Los Angeles CEQA Thresholds Guide
states that "aesthetic impact assessment generally deals with the issue of contrast, or the degree
to which elements of the environment differ visually." Sign Districts are typically characterized
by a high intensity of commercial development that involves a relatively dense pattern of
development and bright lighting compared to other parts of the city. To a large degree,
billboards within Sign Districts tend to fit within their immediate visual context, creating a
relatively low level of visual contrast.
It is important to note here that each requested Sign District must be reviewed individually to
analyze any potential environmental impacts of signage - this proposed citywide ordinance
would only further restrict the regulatory mechanisms currently used to establish Sign Districts.
Therefore, the analysis that can be done for this ordinance is limited to the signage that can
reasonably be foreseen to be built in the future. The proposed ordinance includes thorough
review mechanisms for off-site signs in Sign Districts so that the specific impacts of future
signage requests can be fully addressed once the details of those requests are known.
Class 11. Accessory Structures

State CEQA Guidelines Section 15311 (Class 11) consists of "construction, or replacement of minor
structures accessory to (appurtenant to) existing commercial, industrial, or institutional facilities,
including but not limited to: (a) on-premise signs ... "
City of Los Angeles Environmental Quality Act Guidelines, Article Ill, Class 11 consists of "construction or

placement of minor structures accessory to (appurtenant to) existing commercial, industrial, or
institutional facilities", where Category 1 is stated as "on-premise signs".
The proposed ordinance regulates on-site signs in largely the same way that they are currently
regulated. On-site signs, which can also be described as on-premise signs, are generally
considered to be accessory structures to the main structure where they are located and to
which they usually refer. While the vast majority of on-site signs are covered by Classes 1 and 3,
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virtually all on-site signs are covered by Class 11. The only exceptions would be any on-site signs
that could not be considered to be "minor" structures. Class 11 also includes "minor" structures
such as parking lots under 110 spaces and buildings with less than 15,000 square feet. In this
context, it is reasonable to conclude that any on-site sign could also be considered to be a minor
structure. Therefore, Class 11 covers all on-site signs.
Off-site signs are by definition not an accessory to another structure on the site, and thus would
generally not be covered by Class 11.
V.

ADDITIONAL TECHNICAL ANALYSIS

Below is a consideration of all categories on the Initial Study Checklist to further demonstrate that the
proposed ordinance qualifies for the categorical exemptions listed in this narrative.

A. Aesthetics
The proposed ordinance will not result in any potentially significant adverse environmental impacts with
respect to aesthetics. As discussed in the preceding analysis, any potential aesthetic impacts of off-site
signage are precluded by the fact that there will be negligible visual contrast between the off-site signs
and the environments in which they will be viewed. Again, Section A.1 of the City of Los Angeles CEQA
Thresholds Guide states that "aesthetic impact assessment generally deals with the issue of contrast, or
the degree to which elements of the environment differ visually." Off-site signs in a Sign District can be
expected not to contrast or differ visually to a significant extent from the Sign District in which they are
located; nor will the off-site signs contrast with the surrounding area, which will be required to be a
regional hub of commerce or transport. On-site signs will not create any potentially significant aesthetic
impacts because their regulation will remain almost exactly the same as it is currently, with the
exception of a few additional restrictions, and a few allowances for historic signs and signs on historic
buildings that will serve to improve aesthetics by encouraging rehabilitation of old signs and structures.
The proposed ordinance will not result in a substantial adverse effect on scenic vistas, or substantially
damage scenic resources, including but not limited to trees, rock outcroppings, and historic buildings
within a state scenic highway. Scenic vistas are generally defined as panoramic public views to natural
features, including views of the ocean, striking or unusual natural terrain, or unique urban or historic
features. The proposed sign ordinance bans off-site signs except for those allowed within Sign Districts
or that fall within the exception for interior signs under the ordinance's scope. The areas eligible to
apply to become a Sign District will for the most part be highly urbanized, and will not be close enough
to the natural features or landmarks typically associated with scenic vistas to obstruct views of them.
Furthermore, Tier 1 Sign Districts prohibit signs within 500 feet of any scenic highway, parkway, corridor,
or route; establishing a buffer between any possible scenic views and sign locations. Any Sign District
proposed for a zoo, as well as any Tier 2 Sign District will only allow signs that are not visible from a
public right of way or from any property other than the subject property. As a result, Sign Districts can
be expected to have little to no impact on views of or from scenic vistas.
Though new signs will individually have minimal impact to obstruct the existing view of scenic locations,
the cumulative impact of sign construction within Sign Districts could have a potential impact on the
scenic landscape. This effect is limited within the ordinance via the sign reduction requirements
established in Subsection F of Section 13.11. The takedown ratio established requires that, at a
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minimum, every square foot of sign area of a new off-site sign be offset by a reduction of more than one
square foot of existing off-site sign area, within either the Sign District or the "sign impact area", unless
a Community Benefits Program has been approved for the Sign District. The Community Benefits
Program includes the following measures: sidewalk widening and landscaping, undergrounding of
utilities, streetscape improvements, lighting improvements, original art murals and public art
installations, public parking structures to improve pedestrian centers, fa~ade improvements, and other
improvements; all of the above measures will therefore be permanent in nature and directly eliminate
blight or improve aesthetics and traffic safety within Sign Districts and/or sign impact areas. The overall
net square footage of sign displays within the City will therefore be reduced, while the Community
Benefits Program will serve to positively impact the City's scenic environment. The aforementioned
elements within the ordinance will ensure that scenic vistas, views, landscapes, and environments will
be minimally impacted.
The proposed ordinance will not result in substantially degrading the existing visual character or quality
of existing arid future signage sites or their surroundings. Although the proposed ordinance is citywide,
the only areas whose visual character will be substantially affected can be expected to be the proposed
Sign Districts. While each area has a unique context and built environment, all proposed Sign District
areas will be highly urbanized with significant existing building density. Each requested Sign District will
be individually reviewed at the legislative level, and the construction of each new off-site sign will be
reviewed on a case-by-case basis to ensure compliance with the regulations of the Sign District and
compatibility with existing visual elements at each location. The ordinance incorporates a sign reduction
provision that will serve to decrease the overall square footage of existing off-site signs, limiting the
visual impact of any new off-site signs while ameliorating visual blight in designated Sign Impact Areas.
The Community Benefits program will not only incentivize the preservation of the existing visual
landscape, but will also encourage improvements via physical infrastructure investment, which will
serve to better the aesthetic environment of the area.
The proposed ordinance will also not create a significant new source of substantial light or glare which
would adversely affect day or nighttime views in the area of future signage sites. The ordinance allows
for construction of digital displays, which will create new sources of light on their immediate
surroundings. However, all digital displays will be limited to 0.3 foot candles of illumination above
ambient lighting. In addition, the luminance of any digital display will be limited to 450 candelas per
square meter during the nighttime and 7,500 candelas per square meter during the daytime. There are
additional regulations that govern transition of brightness at sunset and sunrise, message duration, and
message transition times. These restrictions impose substantial limits on light impact, ensuring that
signs in Tier 1 Sign Districts don't substantially impact scenic vistas or the surrounding area. Signs in Tier
2 Sign Districts as well as interior signs will not be visible from the public right of way or from any
property other than the subject property, which will ensure that there will be no substantial impacts
caused by light or glare from these signs. Finally, all illumination, brightness and operating standards for
digital displays will apply to interior signs, further limiting any potential impacts of light or glare. The
light emitted by existing, non-digital off-site signs as well as by lighted on-site signs can be expected to
stay the same, as the regulations limiting these light sources are not proposed to change. Thus, the
impacts of all signage types regulated by the proposed ordinance can be expected to have a less than
significant impact on day and nighttime views.
B. Agricultural
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The proposed ordinance will not result in any potentially significant adverse agricultural impacts. The
proposed ordinance will not lead to the conversion of, nor make easier to convert, Prime Farmland,
Unique Farmland, or Farmland of Statewide Importance (Farmland), as shown on the maps prepared
pursuant to the Farmland Mapping and Monitoring Program of the California Resources Agency, to
nonagricultural use; as defined by the California Environmental Quality Act (CEQA). No adverse impact
will result.
The adoption of the proposed code amendment will not result in, nor make easier to result in, conflict
with existing zoning for agricultural use, or a Williamson Act contract; as defined by the California
Environmental Quality Act (CEQA).
The adoption of the proposed code amendment will not result in, nor make easier to result in, a conflict
with existing zoning for, or cause rezoning of, forest land (as defined in Public Resources Code section
12220(g)), timberland (as defined by Public Resources Code section 4526), or timberland zoned
Timberland Production (as defined by Government Code section 51104(g)); as defined by the California
Environmental Quality Act (CEQA).
The adoption of the proposed code amendment will not will not result in, nor make easier to result in, a
loss of forestland or conversion of forest land to non-forest use; as defined by the California
Environmental Quality Act (CEQA).
The adoption of the proposed code amendment will not involve, nor make easier to involve, other
changes in the existing environment that, due to their location or nature, could result in conversion of
Farmland, to non-agricultural use or conversion of forestland to non-forest use; as defined by the
California Environmental Quality Act (CEQA).
C. Air Quality

The proposed ordinance would not conflict with or obstruct the implementation of the SCAQMD
Congestion Management Plan, violate any air quality standard, contribute substantially to an existing or
projected air quality violation, or create any potentially objectionable odors. There would not be
cumulatively considerable net increases of any criteria pollutant for which the air basin is in nonattainment. Moreover, the proposed ordinance would not expose any sensitive receptors to substantial
pollutant concentrations, nor create any odors.
The proposed ordinance does not result in any significant impacts on traffic (as impacts are close to de
minimis), as discussed below in the Transportation/Traffic section, and therefore, air quality impacts
resulting from any increase in traffic would be similarly less than significant.
D. Biological Resources
The only type of signage that could be large and bright enough to potentially impact wildlife would be
off-site signs. The proposed ordinance could potentially interfere at a Jess than significant level with the
movement or migration of native resident or migratory birds. Some studies have found that birds can be
attracted to and collide with lighted structures, which can cause injury or death (See Attachment 6).
Both digital and traditionally lighted billboards, which may be allowed within Sign Districts as provided
for in the ordinance, could potentially be bright enough to attract and harm birds. However, with the
possible exception of "grandfathered" Sign District applications in areas currently eligible to become
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Sign Districts, the ordinance would restrict Sign Districts to the city's most urbanized and commercially
intense areas, which are already considerably bright. The "grandfathered" Sign District applications have
not yet been approved, and will still require specific environmental analysis that can include the
potential impacts on birds. (The potential impacts of "Grandfathered" projects are discussed on Page 15
ofthis document.)
For the most part, all requested Sign Districts, whether "grandfathered" or not, will be in brightly lit
commercial areas. In the context of these already bright areas, the relative brightness of a new sign can
be expected to be less than significant. As a whole, Los Angeles is a city that already has significant and
widespread brightness resulting from widespread development throughout the city that has left
relatively few undeveloped areas. The issue of bird safety has been mentioned only a few times, and has
not been a locally prominent topic of discussion in public hearings and forums regarding the proposed
sign ordinance. To the extent a unique bird safety issue arises from any specific proposed new sign, that
would be addressed in its separate project-specific CEQA analysis.
In addition, any new digital billboards that may be allowed within Sign Districts could only be installed if
existing, traditionally lighted billboards were removed. The removal of traditionally lighted billboards
would remove some of the light sources that can attract birds, and thus decrease the overall impact of
sign brightness on birds. These factors, when considered together, indicate a less than significant impact
on native and migratory birds.
The proposed ordinance will not create changes in conditions that could have a substantial adverse
impact on any particular species identified as a candidate, sensitive, or special status species. In terms of
off-site signage that could be built within Sign Districts, the proposed ordinance is a citywide enabling
ordinance that cannot anticipate the unique species living in an area where a Sign District may be
requested in the future; the consideration of those particular species will have to be included in the
environmental review for each individual Sign District.
Other than the possible impact on birds, there are no other riparian habitats, sensitive natural
communities, or federally protected wetlands that could be impacted by the proposed ordinance. The
proposed ordinance would not conflict with any local policies or ordinances protecting biological
resources, or with the provisions of an adopted Habitat Conservation Plan, natural Community
Conservation Plan, or other approved local, regional, or state habitat conservation plan.
E. Cultural Resources

The proposed ordinance would not cause an adverse change to historical resources as defined in State
CEQA Guidelines Section 15064.5. The proposed ordinance will not result in any potentially significant
adverse impact with respect to archaeological or paleontological resources, site, or unique geological
feature, or any human remains. Time/place/manner restrictions contained in the proposed ordinance
will further ensure that any potential adverse impacts to cultural resources would be limited to a less
than significant level. The proposed ordinance also contains several provisions that protect historic
signs and incentivize their rehabilitation, in keeping with the California Historical Building Code and the
Secretary of the Interior's Standards.
F. Geology and Sails
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The proposed ordinance will not cause significant impacts related to geological and soil conditions. Signs
attached to buildings as well as freestanding signs must be installed with a valid building permit from
the Department of Building and Safety, and must conform to all applicable Building Code standards for
earthquake readiness. Thus, signs are not likely to expose people or structures to potential substantial
adverse effects including the risk of loss, injury, or death involving the rupture of a known earthquake
fault, strong seismic ground shaking, seismic-related ground failure, landslides, liquefaction, or other
geological hazards. The construction of signs also will not result in substantial soil erosion or loss of
topsoil.
G. Greenhouse Gas Emissions

The proposed ordinance will not lead to the generation of a significant amount of greenhouse gas
emissions, or conflict with an applicable plan, policy or regulation regarding greenhouse gas reduction.
The proposed ordinance may lead indirectly to the generation of a less than significant level of
greenhouse gas emissions through the energy usage of digital billboards, which could be located in Sign
Districts. At least one study has indicated that digital billboards can potentially use a significant amount
of electricity. In addition to the energy needed to illuminate the LED lights, air conditioning systems are
needed to keep the lights from overheating in hot weather. According to a 2010 study, approximate
annual energy usage for a digital billboard can be from 6 to 30 times that of an average American
household (see Attachment 7). The same study reported that energy usage for an average digital
billboard is about 15 times that of the average household, and 23 times that of a traditionally lighted
billboard.
Conversely, a 2011 study reported that energy usage of digital billboards was decreasing due to
technological innovations such as automatic dimming controls and improved cooling systems (see
Attachment 8). The decrease was estimated as a 40 to 60% drop from energy usage levels four years
prior to the study.
In addition to this reported decrease, several others factors reduce the potential impact of digital
billboard energy usage to a less than significant level. Firstly, digital billboards will be limited to Sign
Districts, which will only be allowed in the most commercially intense parts of the city. A certain
heightened level of energy consumption is required for the functioning of commercial centers, and can
be justified in these exceptional areas as necessary to support the economic vitality of the community
and the city. In addition, the brightness limits and automatic dimming requirements in the ordinance will
help to curtail energy usage of any digital billboards that may be approved within future Sign Districts.
Finally, the ordinance also requires that new billboards can only be constructed if existing billboards are
removed. The removal of existing, traditionally lighted billboards will result in some reduction in energy
consumption.
H. Hazards and Hazardous Materials

The proposed ordinance will not result in any potentially significant adverse hazards or impacts from
hazardous materials. The proposed ordinance is an enabling ordinance that will not create a significant
hazard to the public or the environment through the routine transport, use, or disposal of hazardous
materials, reasonably foreseeable upset and accident conditions involving the release of hazardous
materials into the environment, emit hazardous emissions or handle hazardous or acutely hazardous
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materials, substance, or waste within one-quarter mile of an existing or proposed school. It is highly
improbable that the ordinance would result in the creation of a sign that is located on a site which is
included on a list of hazardous materials sites compiled pursuant to Government Code Section 65962.5
and as a result, create a significant hazard to the public or environment. The environmental review of
individual sites for hazardous materials cannot be anticipated by a citywide ordinance, and will have to
be considered in the review of each individual project for which signs are proposed.
/. Hydrology and Water Quality

The proposed ordinance will not result in any potentially significant adverse hydrology and water quality
impacts. Even the largest off-site sign structure has a relatively small footprint, and thus any water
runoff or waste discharge associated with the creation of new signs can be deemed insignificant. As
such, the proposed ordinance will not result in the violation of any water quality standards or waste
discharge requirements, any substantial depletion of groundwater supplies or substantial interference
with groundwater recharge such that there would be a net deficit in aquifer volume or a lowering of the
local groundwater table level, or any substantial alteration of existing drainage patterns of existing or
future mural sites or area, including through the alteration of the course of a stream or river, in a
manner which would result in substantial erosion or siltation on or off-site. The proposed ordinance will
not result in substantially altering the existing drainage pattern of existing or future signage sites, create
or contribute runoff water which would exceed the capacity of existing or planned stormwater drainage
systems or provide substantial additional sources of polluted runoff, otherwise substantially degrade
existing water quality, place housing within a 100-year flood hazard area as mapped on a federal flood
hazard Boundary or flood Insurance Rate Map or other flood hazard delineation map, or place within a
100-year flood hazard area structures which would impede or redirect flood flows. The proposed
ordinance will also not result in exposing people or structures to a significant risk of loss, injury or death
involving flooding, including flooding as a result of the failure of a levee or dam, or inundation by seiche,
tsunami, or mudflow.

J. Land Use and Planning
The proposed ordinance will not result in any potentially significant adverse land use and planning
impacts. New Sign Districts will be created in a much more limited, objective, and thoroughly considered
manner than is allowed under the current regulations. The regulation of on-site signs is not proposed to
undergo any substantial changes. The proposed ordinance will not physically divide an established
community, conflict with any applicable land use plan, policy, or regulation of an agency with jurisdiction
over the project adopted for the purpose of avoiding mitigating an environmental effect, or conflict with
any applicable habitat conservation plan or natural community conservation plan.
K. Mineral Resources

The proposed ordinance will not result in any potentially significant adverse impact to mineral resources.
The proposed ordinance will not result in the loss of availability of a known mineral resource, or locallyimportant mineral resource recovery site delineated on a local general plan, general plan, or other land
use plan. The environmental review of individual sites for mineral resources cannot be anticipated by a
citywide ordinance, and will have to be considered in the review of each individual project for which
signs are proposed.
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L. Noise

The proposed ordinance will not result in any potentially significant adverse noise impacts. There are no
known noise generating activities associated with the permitting of signs. Any noise levels generated by
signs through their construction and maintenance can be determined to be negligible and not significant
enough to result in noticeable increases to permitted CNEL levels particular to signage sites. The
proposed ordinance will not result in the exposure of persons to or generation of noise levels in excess
of standards established in the local general plan or noise ordinance, or applicable standards of other
agencies; excessive groundborne vibration or groundborne noise levels; or a substantial permanent
increase in ambient noise levels in the vicinity of the signage sites above levels existing without the
signage.
M. Population and Housing
The proposed ordinance will not result in any potentially significant adverse population and housing
impacts. The proposed ordinance will not induce substantial population growth in and around any
existing or future signage site, either directly or indirectly; displace substantial numbers of existing
housing, necessitating the construction of replacement housing elsewhere; or displace substantial
numbers of existing people, necessitating the construction of replacement housing elsewhere.
N. Public Services
The proposed ordinance will not result in any potentially significant adverse public services impacts. The
proposed ordinance will not result in substantial adverse physical impacts associated with the provision
of new or physically altered governmental facilities, need for new or physically altered governmental
facilities, the construction of which could cause significant environmental impacts, in order to maintain
acceptable service ratios, response times or other performance objectives for fire protection, police
protection, schools, parks, or other public facilities (e.g. libraries).
0. Recreation

The proposed ordinance will not result in any potentially significant adverse recreational resource
impacts. The proposed ordinance will not increase the use of existing neighborhood and regional parks
· or other recreational facilities such that substantial physical deterioration of the facility would occur or
be accelerated. It will not include recreational facilities, nor will it require the construction or expansion
of recreational facilities which might have an adverse physical effect on the environment.
P. Transportation/Traffic
The City's CEQA Guidelines, Section L - Transportation, provide guidelines for eight categories of
potential impacts. Those categories are intersection capacity, street segment capacity, freeway capacity,
neighborhood intrusion impacts, project access, transit system capacity, parking, and in-street
construction impacts.
In terms of roadway or transit capacity impacts, as well as access and parking impacts, staff knows of no
studies that have been done that pertain to the effect of billboards or digital billboards on quantity of
vehicle trips, access or parking. Other than the potential driver distraction concerns, the potential effect
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of signs on vehicle trips or other driving-related concerns has not been a prominent issue generally or in
the City of Los Angeles. Since the purpose of off-site signs is, by definition, to attract attention to a use
or message that pertains to a property other than the property where the sign is located, there would
be no foreseeable increase in vehicle traffic at the location where the off-site sign is installed, and no
impacts on parking or access to that location.
In terms of construction-related impacts, the construction of off-site signs could potentially cause minor
and temporary traffic obstructions. However, the simple structure of off-site signs would require much
less construction and potential traffic obstructions than with any substantial work on a building. Off-site
signs are typically located on private or public land thatis not within the public right of way, and in fact
the proposed ordinance only regulates signs that are located completely outside of the public right of
way, so there would be no direct need to obstruct a roadway or sidewalk to work on an off-site sign.
Thus, the proposed ordinance poses no potentially significant impacts within the realm of transportation
and traffic, as defined by the City's CEQA Guidelines. There is, however, one transportation-related
consideration that is not specifically mentioned within the CEQA Guidelines, but merits analysis on the
particular issue of off-site signs. That consideration is whether billboards, and in particular digital
billboards, pose a risk to driver safety by distracting drivers. This has been a contentious and
controversial question, with numerous conflicting scientific studies published in the past several years
(see citations below}. The final results of a long-awaited study from the Federal Highway Administration,
which was hoped to resolve this question, were never published; and the authors concluded only that
the previous research had been inconclusive.
There are numerous studies on the potential traffic hazards associated with digital and non-digital
billboards, which come to divergent conclusions. Three of the most prominent and often-cited studies
are summarized below and attached to this document. A 2007 study by the Virginia Tech Transportation
Institute for the Outdoor Advertising Association of America's Foundation For Outdoor Advertising
Research and Education (FOARE} (see Attachment 9},used in-car cameras to observe drivers and
concluded that digital billboards did not create more driver distractions than traditional billboards. In
contrast, a review of studies in April 2009 by Jerry Wachtel for the American Association of State
Highway and Transportation Officials concluded that digital billboards "attract drivers' eyes away from
the road for extended, demonstrably unsafe periods of time" (see Attachment 10, page 182}. Providing
another contradiction, a series of studies performed by Tantala Associates for FOARE included a
conclusion in 2009 that "digital billboards in Cuyahoga County have no statistically significant
relationship with the occurrence of accidents" (see Attachment 11, page 3}.
In response to the confusion and controversy surrounding the question of digital billboards and driver
safety, the Federal Highway Administration (FHWA} undertook its own study, the results of which were
originally expected to be published by the end of 2009 but have yet to be published. Staff has contacted
the FHWA periodically over the past several years and has not received an estimated date of completion
of this study, which had been widely hoped to finally answer the question as to whether digital
billboards create dangerous levels of driver distraction or not. In 2009, the FHWA did publish the initial
portion of the research, which included a review of existing literature, concluding that "the current body
of knowledge represents an inconclusive scientific result with regard to demonstrating detrimental
driver safety effects due to CEVMS exposure" (see Attachment 12}. (CEVMS stands for Commercial
Electronic Variable Message Signs, another term for digital billboards.}
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Since the potential safety impacts of billboards have not been conclusively proven or disproven,
municipalities are not left with a clear policy direction, but those that wish to err on the side of caution
can develop appropriately restrictive regulations that take into account the possible safety impacts of
billboards and digital billboards. The proposed ordinance has taken this approach, and incorporates
measures to control digital billboards' location, brightness, message duration, and message transitionall factors that can reasonably be expected to contribute to distracting drivers. In a sense, the purpose
of all signage is to attract the attention of drivers, and so the object of the regulations has been not to
prevent driver distraction but to limit that distraction to a level that is consistent with the surrounding
visual environment. The proposed restrictions on digital billboards have been thoroughly researched
and vetted over the past several years through public hearings, discussions with other cities, field
studies of brightness conducted by staff from the Planning Department and Department of Building and
Safety, and voluminous written input from stakeholders, sign industry experts, and diligent community
members. The resulting standards can be expected to provide adequate restriction of the factors that
could potentially contribute to driver distraction and traffic safety impacts. The proposed ordinance thus
is expected to cause a less than significant impact on driver safety.
Q. Utilities

The proposed ordinance will not result in any potentially significant adverse utilities impacts. The
proposed ordinance will not exceed wastewater treatment requirements of the applicable Regional
Water Quality Contro.l Board, require or result in the construction of new water or wastewater
treatment facilities, or require or result in the construction of new storm water drainage facilities or
expansion of existing facilities, the construction of which could cause significant environmental effects.
The proposed ordinance will not affect existing water supplies available to serve existing or future
signage sites from existing entitlements and resources, nor will new or expanded entitlements be
needed. The proposed ordinance will also not result in a determination by the wastewater treatment
provider which serves or may serve existing or future signage sites that there would be adequate
capacity to address any increased demand concerns. Furthermore, the proposed ordinance will not
impact existing landfill capacity or fall in non-compliance with federal, state, and local statutes and
regulations related to solid waste.
R. Mandatory Findings of Significance

The proposed ordinance will not substantially degrade environmental quality, substantially reduce the
habitat of a fish or wildlife species, cause a fish or wildlife population to drop below self-sustaining levels,
threaten to eliminate a plant or animal community, reduce the number or restrict the range of a rare or
endangered plant or animal or eliminate important examples of the major periods of California history
or prehistory.
The proposed ordinance may have impacts that are cumulatively considerable to a less than significant
degree, due to the effects of past city ordinances. Past ordinances that allowed Sign Districts on any
commercially or industrially zoned property in the city led to the formation of large Sign Districts in
Hollywood and Downtown L.A. (L.A. Live). Other, decades-old ordinances allowed the construction of
billboards throughout the city, of which roughly 6,000 currently remain. Further, a settlement
agreement between the city and several sign companies resulted in the conversion of over 100 existing
billboards to digital billboards. The effects of all of these past ordinances can be seen in the current
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proliferation of billboards in the city, and their attendant impacts, which are primarily aesthetic and to a
lesser degree may also impact traffic safety, energy consumption, and native and migratory birds.
The proposed ordinance would enable the potential addition of traditional and digital billboards, which
could add to the impacts of existing billboards to create a cumulative impact at a less than significant
level. The new billboards would only be allowed in the most commercially intense locations and with
strict operating standards - on brightness, message duration, message transition and automatic
dimming. In addition, any new billboards could only be installed with a corresponding reduction in the
number of existing billboards and also potentially the provision of community benefits geared toward
the improvement of the aesthetic environment. As discussed previously in this analysis, these
restrictions and requirements will reduce the potential impacts of any new billboards to less than
significant levels. In particular, the sign reduction requirement will directly reduce the impacts of
existing billboards, lowering the cumulative impact of billboards in the city as a whole.
The proposed code amendment could have environmental effects which may cause a less than
significant impact on human beings. The potential impacts on aesthetics, traffic safety, and energy
consumption could cause direct or indirect adverse effects on human beings to a less than significant
level, as described previously in this analysis.
In addition, there have been health studies that report negative impacts of bright lights at nighttime,
which can disrupt the circadian rhythms, melatonin production and even cancer resistance of human
beings (see Attachment 13). These health risks will be mitigated by the concentration of new digital
billboards in the most commercially intense parts of the city, where fewer residential units are located
and existing brightness levels already serve as a deterrent to people who are sensitive to light from
residing there. The proposed code amendment's operational limits on digital billboards, including
brightness limits, will further reduce the risk of health impacts on nearby residents to a less than
significant level.
VI. CEQA EXCEPTIONS

The CEQA Guidelines set forth six exceptions which, if applicable, would make use of a categorical
exemption improper. The exceptions are set forth at 14 California Code of Regulations Section 15300.2.
For the reasons set forth in the Additional Technical Analysis section, the proposed ordinance will not
have a significant effect on any of the impacts areas set forth in Appendix G of the CEQA Guidelines, and
therefore none of the categorical exemption exceptions are applicable. In addition, following is further
explanation of why each of the exceptions is not applicable to the proposed Amendments to the
Citywide Sign Code.
1. Exception for "location". This exception states that the categorical exemptions for "Classes 3, 4, 5, 6,
and 11" may be inappropriate if a project is to be located in "a particularly sensitive environment,"
which includes the following: "an environmental resource of hazardous or critical concern where
designated, precisely mapped, and officially adopted pursuant to law by federal, state, or local
agencies."

The most likely type of adverse environmental impact upon such sensitive areas resulting from signage
would be aesthetic. For example, off-site signs located in certain parts of the state Coastal Zone located
within the City of Los Angeles might have a negative aesthetic impact. However, the Coastal Zone is
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protected by the state Coastal Act which requires a Coastal permit for all "development" within the
Coastal Zone. Because the Coastal Act is a state law it preempts the City's Municipal Code, including the
City's sign regulations within that Code. Thus, the Coastal Zone is completely protected from any signs
that might negatively impact that zone.
Other sensitive areas within City boundaries, such as protected wetlands, would enjoy similar statutory
protection from particular signage being placed within such an area. Thus, this exception for "location"
does not make the enumerated classes of Categorical Exemption inapplicable to the proposed
Amendments to the Citywide Sign Ordinance.
2. Exception for Cumulative Impact. All exemptions are inapplicable when the cumulative impact of
successive projects of the same type in the same place, over time is significant. Cumulative negative
environmental impacts usually occur where the impacts of the same or related projects are
inappropriately considered separately, thus avoiding disclosure of the total, or cumulative, impacts of
the project or projects. This will not be the case with the proposed ordinance which contains a set of
comprehensive, citywide sign regulations. The ordinance also contains regulations governing the
creation of sign districts which will, upon passage of the proposed ordinance, generally be the only
means for creating exceptions to the citywide sign regulations. Because the proposed ordinance will
provide the exclusive set of regulations for signage throughout the City, and because the erection of
individual signs will be subject to their own individual CEQA analysis, the Additional Technical Analysis
provides sufficient analysis of any cumulative impacts from the proposed ordinance.
3. Exception for Significant Effect. An exemption cannot be used for an activity where there is a
reasonable possibility that the activity will have a significant effect on the environment due to unusual
circumstances. There are no such unusual circumstances that would trigger this exception. First, the
time, place, and manner restrictions for the erection of any new signs will ensure that the proposed
ordinance, by itself, would not lead to the erection of signs that exceed the scope and impact of typical
small facilities and structures and accessory structures. Second, to the extent any future proposed sign
may, for its own reasons, create a circumstance typically not seen in small and accessory structures, the
proposed sign will be subject to its own CEQA analysis whereby these concerns would be sufficiently
addressed.
Finally, when it comes to signage, there are no unusual circumstances that make businesses and sign
companies wish to erect signage only at some times and not at others. The demand for signage has
been remarkably consistent, which is one of the reasons why the Planning Department opted to draft
the proposed ordinance to impose tighter regulations on new signage. Thus, the exception for a
"significant effect on the environment due to unusual circumstances" does not apply.
Exception for Scenic Highways. An exemption cannot be used for a project which may result in
damage to scenic resources~ including but not limited to, trees, historic buildings, rock outcroppings, or
similar resources, within a highway officially designated as a state scenic highway. This exception is not
applicable here because state law, including scenic corridor plans, generally prohibit signage near state
scenic highways. Such state law would generally supersede any provisions of the proposed ordinance
that might authorize signage along a scenic highway.

4.

5. Exception for Hazardous Waste Sites. An exemption cannot be used for a project located on a site
which is included on any list compiled pursuant to Section 65962.5 of the Government Code. Section
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65962.5 refers to hazardous waste sites and their equivalents. The reason that this exception exists is
due to the fact that construction of buildings and structures, and the operation of other "projects", on
such sites is more likely to release contaminants and cause other negative environmental impacts. It is
not anticipated that any signs will be placed on actual sites subject to Section 65962.5. It is possible that
some signs may be place on the perimeter of such sites but such activity is not likely to cause the
negative environmental impacts anticipated by this exception.
6. Exception for Historical Resources. An exemption shall not be used for a project which may cause a
substantial adverse change in the significance of a historical resource. The proposed ordinance will not
cause any adverse impacts upon a historical resource. To the extent that signage is allowed on a
historical resource by the proposed ordinance, state and federal law will require that such signage
comply with the Secretary of Interior's Standards for rehabilitation and alteration of historical resources.
Construction, including the installation of signage, in compliance with the Secretary of Interior's
Standards is deemed not to have an adverse impact upon the historical resource. Because the proposed
ordinance will not cause any adverse impacts upon a historical resource, this exception does not apply.
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Sign
Council District

COUNCIL MEMBER
Ed P. Reyes
Paul Krekorian
Dennis P. Zine
Tom LaBonge
Paul Koretz
Tony Cardenas
Richard Alarcon
Bernard C. Parks
Jan Perry
Herb J. Wesson, Jr.
Bill Rosendahl
Mitchell Englander
Eric Garcetl'Jlll
Jose Huizar
Joe Buscaino
TOTAL

DISTRICT

1
2
3
4
5
6
7
8
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13
14
15

COUNT

419
428
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226
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541
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352
156
485
616
304
5874
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"Grandfathering" of Pending Sign Districts and Specific Plans
Updated January 2013
Currently there are 13 pending Sign Districts or Specific Plans where special sign allowances
would allow sign types prohibited by the proposed sign ordinance. These areas would be
impacted by the new sign ordinance unless they are "grandfathered" as defined in Section 13 of
the proposed sign ordinance, or allowed to continue through the review and hearing process
under the existing eligibility standards of Sign Districts. These 13 proposed projects consist of:
•
•
•
•

Table A:
Table 8:
Table C:
signage
Table D:

Six proposed Sign Districts initiated by City Council motions
Two requested Specific Plans which would allow off-site signage
Two amendments to existing Specific Plans or special ordinances to modify
Three proposed Sign Districts initiated by private property owners' applications

Following these four tables is a fifth table which summarizes proposals listed on previous
"grandfathering" lists, which have since been adopted.

Table A: Pending Sign Districts Initiated by City Council Motions and other City
Applications
Common Name
Figueroa Corridor

Korea town

City West

Laurel Canyon

Corridor

Council
District

Location
East and west sides of Figueroa
Street generally between
Olympic and Wilshire
Boulevards.
Bounded generally by 6m St to
the north, St. Andrews PI to the
west, Olympic Bl to the south,
and Shatto PI to the east.
Bounded by 1" St to the north,
Boylston to the west, 3'' to the
south, and Beaudry to the east
Bounded by the 170 to the
west, Hamlin Stto the north,
Laurel Canyon Blvd. between
Hamlin St
and Erwin St, Erwin St between
Laurel Canyon and Radford Av,
Radford Av between Erwin St
and Oxnard St, and Oxnard St
to the South.
Los Angeles International
Airport

LAX SUD

Case File
Number

Mover and Date
of Motion

Counci!member

9

CF 11-0273

10

CF 08-0936

1

CF 08-0509

2

CF 11-1995

11

CPC-20111964-SN

8/2/2011

7

CPC-20111936-SN;
CF 12-1442

Initiated by CPC
7/29/11

Perry, 02/18/11

Council member
Wesson, 4/15/08

Councilmember
Reyes, 3/04/08.

Councilmember
Krekorian
11/29/2011

Pending with
Planning
Department
Referred to
DCPon
4/30/08
Referred to
DCPon
4/30/08

Referred to
DCPon
12/06/2011

Draft EIR

released on

12775-12881 N. Encinitas

Avenue
Roxford & Encinitas

Department of City Planning

Status

Page 1 of2

10/12/12,
until
11/26/12
Adopted by
CPC on
8/23/12;
Referred to
PLUM

January 18, 2013

Table B: Areas for which a new Specific Plan has been requested to incorporate off-site
signage
Council
District

Common Name

Location

Boyle Heights Mixed
Use (Wyvernwood)

2901 E. Olympic Boulevard

Paramount Pictures
Master Plan

14

5555 Melrose Avenue

13,4

Case Number

Status

CPC-2010-851,
SP
CPC-20112459-ZC-GPASP-CA

Case Filed on 4/5/10
Notice of Preparation
issued for Draft EIR on
10/13/11

Table C: Areas that have an existing Specific Plan or special ordinance that is requested
to be amended to change the slgnage allowed
Common Name

Location

Council
District

Existing
Ordinance

Case Number

Status
CPC Hearing on
11/29/12
File Expired on
9/16/11

Warner Center
Specific Plan

Warner Center

3

No. 158,873
(et. seq.)

CPC-20083470-SPGPA-ZC-SUD

Central City West
Specific Plan

1111 James M. Wood

1

No. 155,703

CF 08-1225

Table D: Pending Sign Districts Initiated by Private Property Owners' Applications
Common Name

Council
District

Location

NBC/Universal
Evolution Plan I
Universal City Sign
District

100 Universal City Plaza

Case File
Number

Date of
Application

4

CPC-2007251-GPAZC-SP-SPACA

1/18/07

Metropolis

Bounded by the 110 to the
west, 110 offramp to the southth
Francisco St to the east and 8
St to the north

9

CPC-20084557-SN

11/10/08

Mid-Town Crossing

San Vicente & Pice to San
Vicente & Venice

10

CPC-20082514-SN

5/25/08

Status
Approved by
CPC on
10/25/12,
referred to
PLUM
Case on
Hold (EIR
Not
Complete)
On hold by
request of
applicant

Proposals on Previous "Grandfathering" Lists That Have Since Been Adopted
Common Name

USC Specific Plan

Figueroa and Olympic

Convention and
Event Center Specific
Plan and Sign District

Council
District

Location
Greater Downtown Los Angeles
area, including the community
surrounding the University of
Southern California (USC)
Block bounded by 9 St to the
north, Flower to the east,
Olympic to the south, and
Figueroa to the west
Bounded generally by Chick
Hearn Ct on the north; Figueroa
St on the east; Venice Blvd on
the south; and the Caltrans right
of way adjacent to the 110 on
the west.

Department of City Planning

Case Number

Status

CF#08-2520

Adopted by the City Council
on 3/20/2012

9

CPC-2007-842SN

Adopted by City Council on
7/24/12; Ordinance No.
182200

9

CPC-20120849-VZC-SPSN-DA;
CF#11-0023

Adopted by City Council on
9/28/12; Ordinance Nos.
182282 and 182281

8, 9
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designated on an adopted community plan as
"Regional Center" or 'Regional Commerdal"

lllfl] Los Angeles International Airport Specific Plan Area

!IIIli Port of Los Angeles Communlty Plan Area
Zoned M, C, PF, or R5, and located in

IIIII the 'Greater Downtown Housing Incentive Area,"
as defined in Section 12.03 of thls Code.

Community Plan Areas

_D. City Boundary
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APPENDIX C
ORDINANCE N O . - - - - - A proposed ordinance amending Sections 11.5.7, 12.05, 12.21, 12.22, 12.23,
13.11 and Articles 4.4 and 9 of Chapter 1 of the Los Angeles Municipal Code to
establish total sign area limits for properties; establish area and height limits for
individual signs; prohibit off-site signs, digital displays and roof signs; create new relief
provisions for certain deviations from the sign regulations; establish administrative civil
penalties for violations of the sign regulations; enact new criteria for the establishment
of sign districts; and enact related technical corrections and other measures to reduce
visual clutter and otherwise mitigate the potential impacts of signs on the visual
environment.
THE PEOPLE OF THE CITY OF LOS ANGELES
DO ORDAIN AS FOLLOWS:
Section 1.
amended to read:

Article 4.4 of Chapter I of the Los Angeles Municipal Code is
ARTICLE 4.4
SIGN REGULATIONS

Section

14.4.1
14.4.2
14.4.3
14.4.4
14.4.5
14.4.6
14.4.7
14.4.8
14.4.9
14.4.10
14.4.11
14.4.12
14.4.13
14.4.44 1].
14.4.# 14
14.4.~1Q

14.4.-1-+ 16
14.4.~1I

14.4A-9.1§
14.4.20
14.4.19
14.4.20
14.4.21
14.4.22

Purpose
Definitions
Application
General Provisions
Hazard to Traffic
Freeway Exposure
Information Signs
Monument Signs
Projecting Signs
Wall Signs
Illuminated Architectural Canopy Signs
Pole Signs
Roof Signs
Window Signs
Marquee Signs
Temporary Signs
Temporary Signs on Temporary Construction Walls
Off-Site Signs
Awning Signs
Mural Signs
Signs in A and R Zones
Sign Modifications
Comprehensive Sign Programs
Continuation of Nonconforming Signs
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14.4.23
14.4.24
14.4.25

Administrative Civil Penalties
Right of Private Action
Recoverv of Costs

SEC.14.4.1. PURPOSE.

The purpose of this article is to promote public safety and welfare by regulating
signs in keeping with the following objectives:

A. That the design, construction, installation, repair and maintenance of signs
will not interfere with traffic safety or otherwise endanger public safety.
B.
That the regulations will provide reasonable protection to the visual
environment by controlling the size, height, spacing and location of signs.
C. That both the public and sign users will benefit from signs having improved
legibility, readability and visibility.

D. That consideration will be given to equalizing the opportunity for messages to
be displayed.
E. That adequacy of message opportunity will be available to sign users without
dominating the visual appearance of the area.
SEC. 14.4.2. DEFINITIONS.

The definitions of the following terms shall apply to this article. Other terms used in
this article shall have the meanings set forth in Section 12.03 of this Code, if defined in that
section.
Awning Sign. A sign displayed on a canopy that projects over a deck, door,
or window of a building or structure.
Bisecting Line. A line that equally divides the angle created by the
projection of intersecting lot lines of a lot adjoining the street of a corner lot as illustrated in
Diagram C of this article.
Face of Building Face. The general outer surface, not including cornices,
bay windows or architectural projections, of any exterior wall of a building.
Building Frontage. The projection of the building walls upon the street used
for street frontage.
Building Line.
91.202 of this Code.

A line established on a property as defined in Section
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Channel Letters. Individually cut letters, numbers or figures, illuminated or
non-illuminated, affixed to a building or structure.
Digital Display. A sign face that displays still images, scrolling images or
moving images, including video and animation, through a series of grid lights, including
cathode ray, light emitting diode display, plasma screen, liquid crvstal display, fiber
optic, or other electronic media or technology, and that may be changed remotely
through electronic means.
Freeway. A highway in respect to which the owners or those in possession
of abutting lands have no right or easement of access to or from their abutting lands or in
respect to which the owners have only limited or restricted right or easement of access,
and which is declared to be a freeway, in compliance with the Streets and Highways Code
of the State of California.
Identification Sign. A wall sign that is limited to a company logo, generic
type of business, or the name of a business or building.
Illuminated Architectural Canopy Sign. An enclosed illuminated canopy
listed in accordance with the National Electrical Code that is attached to the wall of a
building with the face of the sign approximately parallel to the wall and with the message
integrated into its surface.
Inflatable Device. A sign that is a cold air inflated object, which may be of
various shapes, made of flexible fabric, resting on the ground or structure and equipped
with a portable blower motor that provides a constant flow of air into the device. Inflatable
devices are restrained, attached, or held in place by a cord, rope., cable or similar method.
The term inflatable device shall not include any object that contains helium, hot air or a
lighter-than-air substance.
Information Sign. A sign that is limited to a message giving directions,
instructions, menus, selections or address numerals.
Main Traveled Roadway of a Freeway. The portion of a freeway, including
interchange roadways connecting one freeway with another, which is designed for the
movement of large volumes of vehicular traffic, efficiently and safely at high speed, but not
including service roadways, landscape areas, or ingress or egress ramps connecting the
freeway with other streets.
Marquee Sign. A sign displayed on a rootlike structure that projects over
the entrance to a building or structure.
Monument Sign. A freestanding sign that is erected directly upon the
existing or artificially created grade, or that is raised no more than 12 inches from the
existing or artificially created grade to the bottom of the sign, and that has a horizontal
dimension equal to or greater than its vertical dimension.
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Mural Sign. A sign that is painted on or applied to and made integral with a
wall, the written message of •.vhich does not exceed three percent of the total area of the

sigfl.
Off-Site Sign. A sign that displays any message directing attention to a
business, product, seNice, profession, commodity, activity, event, person, institution or
any other commercial message, which is generally conducted, sold, manufactured,
produced, offered or occurs elsewhere than on the premises where the sign is located.
Off Site Sign Strueture. A struct~,~rc of any kind or character, erected, used
or maintained for an off site sign or signs upon •.vhich any poster, bill, printing, painting,
projected image or other adV€rtisement may be placed.
On-Site Sign. A sign other than an off-site sign.
Perpendicular Line. A straight line between the point on a sign face that is
closest to the street and the point where the line intersects the street lot line at a 90 degree
angle, as illustrated in Diagram C of this article.
Pole Sign. A freestanding sign that is erected or affixed to one or more
poles or posts and that does not meet the requirements of a monument sign.
Projecting Sign. A sign, other than a wall sign, that is attached to a building
and projects outward from the building with one or more sign faces approximately
perpendicular to the face of the building.
Projection. The distance by which a sign extends beyond the building line.
Roof Sign. A sign erected upon a roof of a building.
Sign. Any whole or part of a display board, wall, screen or object, used to
announce, declare, demonstrate, display or otherwise present a message and attract the
attention of the public.
Sign Area. An area circumscribed by the smallest geometric shape created
with a maximum of eight straight lines, which will enclose all words, letters, figures,
symbols, designs and pictures, together with all framing, background material, colored or
illuminated areas and attention-attracting devices, forming an integral part of an individual
message except that:
1. Wall signs having no discernible boundary shall have the areas between
letters, words intended to be read together and any device intended to draw attention to
the sign message included in any computation of surface area.
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2. For spherical, cylindrical or other three-dimensional signs the area of the
sign shall be computed from the smallest two-dimensional geometrical shape or shapes,
which will best approximate the greatest actual surface area visible from any one direction.
3. Sign support structures are excluded if neutral in color.
4. "Time and Temperatwre" sigR cepy is excluEled frem cemputatien efsign
area if the copy is less than 56 square feet in area.
Sign Face. The surface upon which the sign message is placed.
Sign Support Structure. A structure of any kind or character, erected,
used or maintained for a sign upon which anv poster, bill, printing, painting, projected
image or other message may be placed.
Street Frontage. The length of a line separating a lot from one street.
Swpergraphic Sign. A sign, censisting of an image fjrojected ante a wall or
printeEl on vinyl, mesh or ether material with er without written text, supfJortec:J ana attached
to a wall by an aEihesive anEI/or lly using strandeEI cable anEI eye belts anEI/or other
materials er metheEis, aREI which does Ret comply with the fellowing fjrovisions of this
Cede: Sectiens 14.4.10; 14.4.16, 14.4.17; 14.4.1g; anEI/or 14.4.20.
Temporary Construction Wall. A wooden fence or wooden barrier that
provides protection for pedestrians and is erected and maintained on the perimeter of a
construction or demolition site pursuant to Section 3303 and 3306 of the California
Building Code. (CBC).
Temporary Sign. Any sign that is to be maintained for a limited duration,
not to exceed 30 Elays, including paper signs and other signs that are not permanently
affixed to the ground or building.
1Nall

Sign. Any sign attaches to, painted on or erected against the wall of a
buiiEiing or structure, with the OXfJOSeEI face of the sign in a fJiane apfJFOXimately fjarallel to
the fJiane of the v:all.
Wall Sign. A sign on the wall of a building or structure, with the exposed
face of the sign in a plane approximately parallel to the plane of the wall, that has been
attached to, painted on, or erected against the wall: projected onto the wall; or printed on
any material approved in Chapter 62 of the Los Angeles Municipal Code, which is
supported and attached to the wall by an adhesive or other materials or methods.
Wall. An upright structure serving to enclose, divide or protect an area.
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Window. An operable or inoperable opening constructed in a wall or roof
that admits light or air to an enclosure and is often framed and spanned with glass or
other translucent material.
Window Sign. Afty 6 sign e)(Gept fur a supergrapRic sign, that is attached
to, affixed to, leaning against, or otherwise placed within six feet of a window or door in
a manner so that the sign is visible from outside the building. The term window sign shall
not include the display of merchandise in a store window.
SEC. 14.4.3. APPLICATION.

A. Scope. All exterior signs and sign support structures shall conform to the
requirements of this article and all other applicable provisions of this Code. e>mept !Rat
IRe provisions of Sections 14.4.4 E and G; 14.4.4 I; 11.4.5; 14.4.6; 14.4.12;14.4.Hl;
91.6205.2; and 91.6216 of IRis Code shall not apply to the releGation of signs or sign
support structures that e*isted on January 17, 1993, that were erected or are maintained
by the les Angeles Memorial Celiseum Commission (Commission) on property owned or
controlled, in whole or in part, by the Commission.
B. On-Site Signs. Information signs. monument signs. projecting signs, wall signs,
illuminated architectural canopy signs. pole signs (not including pole signs permitted by
Section 14.4.17 of this article), window signs. marquee signs and awning signs may only
display on-site or noncommercial messages. The following provisions of this Code, as
applicable, shall apply to on-site signs: Sections 14.4.4 A; 14.4.5; 14.4.6; 14.4.7; 14.4.8;
14.4.9; 14.4.10; 14.4.11; 14.4.12; 14.4.13; 14.4.14; 14.4.15; 14.4.-1-9-18; 14.4.19; 14.4.20;
14.4.21: 14.4.22: 14.4.23; 14.4.24; 14.4.25; 91.6205; 91.6207; and 91.6216.
C. Off-Site Signs. Pole signs conforming to the regulations set forth in Section
14.4.17 of this article may display off-site or noncommercial messages. The following
provisions of this Code, as applicable, shall apply to off-site signs: Sections 14.4.4 A;
14.4.5; 14.4.6; 14.4.~17: 14.4.22: 14.4.23; 14.4.24; 14.4.25; 91.6205; 91.6206; and
91.6207.
D. Temporary Signs. The following provisions of this Code, Temporarv signs
may display off-site, on-site or noncommercial messages. The provisions of the following
sections of this Code, as applicable, shall apply to temporary on site and off site signs:
Sections 14.4.4 A; 14.4.5; 14.4.6; 14.4.~15; 14.4.4+1.§; 14.4.19; 14.4.21: 14.4.23;
14.4.24; 14.4.25; 91.6205; and 91.6207.

E. Zones.
1. Signs are permitted on any lot in the A 1, A2, RA, RE, RS, R 1. RU. RZ.
RW1. R2. RD. RMP, RW2, R3. R4 or R5 zones. provided that these signs comply with
the provisions of the following sections of this article, as applicable: Sections 14.4.1;
14.4.2• 14.4.3• 14.4.4• 14.4.5• 14.4.6• 14.4.7• 14.4.10· 14.4.12· 14.4.15• 14.4.16·
14.4.18; 14.4.19:14.4.20: 14.4.22; 14.4.23; 14.4.24: and 14.4.25.
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2. Signs are permitted on any lot in a RAS or other A or R zone where C
or M uses are permitted by right; on any lot in an A or R zone where the use was
permitted pursuant to Section 12.24 or Section 12.27 of this Code; and on any lot in the
C. M, OS, P, PB, PF or SL zones; provided that these signs comply with the provisions
of every section of this article except Section 14.4. 19, as applicable.
3. A sign located on a lot comprised of two or more zones shall be
regulated by the provisions of this article applicable to the zone the sign is in.

e. F. Mural Signs. The following provisions of this Coele, as applieal:lle, shall
apply to rntJral signs: Scotian 14.4.4 /\; 14.4.5; 14.4.6; 14.4.20; 91.6205; anEI 91.6207.
Relationship to Other Provisions of this Code. If the provisions of this article conflict
with any other provisions of this Code related to signs, then this article shall govern.
SEC. 14.4.4. GENERAL PROVISIONS.

A. Permitted Signs. Only the signs defined in and regulated by this article and no
others are allowed. It shall be unlawful for any person to erect, construct, install, enlarge,
alter, repair, move, remove, convert, demolish, use or maintain any sign or sign support
structure, or cause or permit those actions to be done, in violation of any of the
provisions of this article.
A B. Ideological and Political Signs. No provision of this article shall prohibit an
ideological, political or other noncommercial message on a sign otherwise permitted by
this article .

.g., C. Prohibited Signs. Signs are prohibited if they:
1. contain obscene matters, as defined in Section 311 of the Penal Code of
the State of California.
2. contain or consist of posters, pennants, banners, ribbons, streamers, or
spinners, except as permitted by Sections 14.4.~ 15 and 14.4.'1+ 16 of this Code.
3. contain flashing, mechanical and strobe lights in conflict with the
provisions of Sections 80.08.4 and 93.0107 of this Code.
4. are revolving and where all or any portion rotate at greater than six
revolutions per minute.
5. are tacked, pasted or otherwise temporarily affixed on the walls of
buildings, barns, sheds, trees, poles, posts or fences, except as permitted by Sections
14.4.~ 15 and 14.4.'1+ 16 of this Code.
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6. are affixed to any vehicle or trailer on private property if the vehicle or
trailer is not intended to be otherwise used in the business and the sole purpose of
attaching the sign to the vehicle or trailer is to attract people to a place of business.
7. emit audible sounds, odor or visible matter.
8. use human beings, live animals, animated figures, motion pictures, digital
displays, or continuous motion slide projecters in connection with any sign.
9. are supeF§raplolic signs, except wiolen supergraplolic signs are specifically
permitted pursuant te a legally aGiepted s!)ecific !)fan, sU!)!)Iemental use district or an
appreved Glevelo!)ment agreement.
10. are mural signs, exce!)t wiolen mural signs are S!)ecifically !)ermitteGI
!)Ursuant to a legally aGio!)ted S!)ecific !)ian, sU!)!)Iemental use district or an a!)!)roveGI
develo!)ment af}reement.

-1-1-.- ~Are off-site signs, except when off-site signs are specifically permitted
pursuant to a legally ado!)ted specific plan, sup!)lemental use district, an a!)!)roved
develo!)ment agreement, or a relocation agreement entered into pursuant to California
Business and Professions Code Section 5412. This prohibition shall also apply to
alterations or enlargements of legally existing off-site signs, except for alterations or
enlargements specifically permitted by Section 91.6216 of this Code.
-1k 10. are inflatable devices. except wiolen inflataele devices are specifically
permittee !)Ursuant to a legally aGiopted specific plan, supplemental use district or an
ap!)::eved development af}reement.
11. Are roof signs.

Go D. Prohibited Locations.
1. No sign or sign support structure shall project into any public alley, except
that a sign or sign support structure above a height of 14 feet may project no more than six
inches into a public alley.
2. No sign or sign support structure shall be located less than six feet
horizontally or 12 feet vertically from overhead electrical conductors, which are energized
in excess of 750 volts. The term "overhead electrical conductors" as used here shall
mean any electrical conductor, either bare or insulated, installed above ground, except
electrical conductors that are enclosed in iron pipe or other material covering of equal
strength. Arcs of six foot radius may be used to define corners of prohibition area.
3. No sign or sign support structure shall be erected in a visibility triangle as
defined by Sections 12.21 C 7 and 62.200 of this Code.
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4. No sign or sign support structure shall be located within two feet of the
curb or edge of any roadway.

fh E. Maintenance.
1. Appearance. Every sign shall be maintained in a clean, safe and good
working condition, including the replacement of defective parts, defaced or broken faces,
lighting and other acts required for the maintenance of the sign. The display surfaces shall
be kept neatly painted or posted at all times.
2. Debris Removal. The base of any sign erected on the ground shall be
kept clear of weeds, rubbish or other combustible material at all times.
3. Abandoned Signage. Ninety days after the cessation of a business
activity, service or product, the related signs shall be removed, or the face of the signs
shall be removed and replaced with blank panels or shall be painted out.
€-, L Sign Illumination Limitations. No sign shall be arranged and illuminated in
a manner that will produce a light intensity of greater than tA-ree two foot candles above
ambient lighting, as measured at the property line of the nearest residentially zoned
property.
j;:, G. Combination Signs. A sign, which is subject to more than one classification,
shall meet the requirements for the classification to which each portion is subject.

G, H. Flag Lots. For purposes of this article, flag lots containing less than 50 feet
of street frontage shall be allotted 50 feet of street frontage for the purpose of determining
the type of sign permitted and for the allowable sign area.

l=h- 1 Street Address Numbers. No sign shall be maintained on any property
unless the street address of the property is maintained in accordance with the provisions
of Section 63.113 of this Code.
h ,)_,_Sign Permit Priority Status.
1. To maintain location, area, frontage, or spacing status, signs must be
installed within six months of issuance of a building permit or prior to expiration of any
permit extension granted by the Department of Building and Safety.
2. Where more than one permit has been issued and the effect of those
permits when considered together results in a violation of this article, all permits except the
permit with the earlier date and time of issuance shall be invalid.
K. Maximum Sign Area. The maximum sign area allowed on a lot shall be one
square foot of sign area for every linear foot of street frontage and 1.5 square feet of sign
area for every linear foot of building frontage. This sign area may be located anywhere on
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the building or the lot or aggregated on one sign or multiple signs, provided that each
individual sign complies with all applicable provisions of this article.
EXCEPTION: Temporarv signs and information signs shall not be subject to the
maximum sign area limitation imposed by this subsection.
L. Lots with Multiple Street Frontages.
1. If a lot is a corner lot or other lot with two or more street frontages, no
more than two-thirds of the maximum sign area allowed under Subsection K above shall
be located along any one street frontage.
2. A freestanding sign shall be considered to be located along a particular
street if the sign and its support structure are located entirely on the side of the bisecting
line closest to that street, and the sign face is placed at the same angle as the
perpendicular line or at an angle not to exceed 20 degrees from either side of the
perpendicular line as shown on Diagram C of this article.
3. On a through lot. a freestanding sign shall be considered to be located
along a particular street if the sign and its support structure are located entirely on that
half of the lot closest to the lot line adjoining that street.
M. Maximum Number of Signs. Each lot shall be subject to a maximum number
of monument signs, projecting signs, and pole signs based on street frontage, as shown in
the chart below. There is no maximum number of information signs, wall signs, illuminated
architectural canopy signs, window signs, marquee signs, and awning signs permitted on
a lot.
Street frontage of lot

Permitted
monument
sjg_ns
None

Permitted gole
signs
None

Permitted
grojecting
sl!rrls
1

None

None

1

1

100 to less than 200 feet

1

None

6

2

200 to less than 400 feet

2

None

3

4

400 to less than 600 feet

3

1

4

z

600 to less than 800 feet

4

1

5

9

800 to less than 1000 feet

5

1

6

11

1000 or more feet

5

1

6

11

0- less than 50 feet
50 to less than 100 feet

Totalgermitted
freestanding signs and
oroiecting si!lnS

1

N. Sign Height. The height of all signs permitted by this article shall be
measured as the distance in a straight vertical line from the top of the sign to the
sidewalk grade or edge of roadway grade nearest the sign. No sign may be located at a
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height that exceeds the height limit established by any land use ordinance, including the
height limit established for the underlying zone or height district.

0. Relief. Notwithstanding the provisions of Sections 12.24, 12.27, 12.28 or any
other section of this Code, no relief from the sign regulations set forth in this article shall be
granted, except as provided by Sections 14.4.20 and 14.4.21 of this article.
SEC.14.4.5. HAZARD TO TRAFFIC.
A. Prohibition. No sign or sign support structure shall be erected, constructed,
painted or maintained, and no permit shall be issued, if the sign or sign support structure,
because of its location, size, nature or type, constitutes a hazard to the safe and efficient
operation of vehicles upon a street or a freeway, or which creates a condition that
endangers the safety of persons or property.
B. Hazard Referral. The Department of Building and Safety shall refer the
following to the Department of Transportation for hazard evaluation and determination
prior to the issuance of a building permit:
1. All permit applications for signs that will be visible from and are located
within 500 feet of the main traveled roadway of a freeway; and
2. All other permit applications and any signs that are determined by the
Department of Building and Safety to have a potential for hazard.
C. Hazard Determination. The Department of Transportation shall return to the
Department of Building and Safety each application so referred to it, together with a written
statement of its determination, within 120 days of the date of referral by the Department of
Building and Safety, or within an extended period of time as mutually agreed upon by the
permit applicant and the Department of Transportation. Failure of the Department of
Transportation to return the application and a hazard determination to the Department of
Building and Safety shall be deemed a finding by the Department of Transportation of no
hazard, and the Department of Transportation shall then approve the permit application. If
the Department of Transportation determines that the sign or sign support structure will
constitute a hazard, the Department of Building and Safety shall deny the application for
permit.
D. Appeal. An appeal of the determination of the Department of Transportation's
hazard determination may be filed by the permit applicant with the Board of Transportation
Commissioners within 15 days of the date the determination is issued. Any appeal so filed
pursuant to this subsection stays proceedings in the matter. The Board must act within
75 days of the date the appeal is filed. The decision of the Board of Transportation
Commissioners may not be further appealed, subject to Charter Section 245.
E. Procedures. The Department of Transportation shall prepare and make
available to the public procedures for administering the provisions of this section.
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SEC. 14.4.6.

FREEWAY EXPOSURE. No person shall erect, construct, install, or
maintain any sign or sign support structure within 660 feet of a freeway unless the sign
conforms to the requirements of California Business and Professions Code Sections
5403,5404,5405,5406,5408,5440,5440.1.5442.11 and 5442.13.
A. New Signs. No person shall ereet, construet, install, pail=!!, maintain, and no
building or electrical permit shall be issued for, any sign or sign support structure within
2,000 feet of a freeway unless the Department of Building and Safety has first determined
that the sign will not be vie•.ved primarily from a main traveled roadway of a freeway or an
on ramp/off ramp. Hov:ever, at the termination of an off ramp, any wall sign located along
the front line may be vie•.ved primarily from the off ramp.
The phrase "viewed primarily from" shall mean that the message may be seen
•.vith reasonable clarity for a greater distance lay a person traveling on the main traveled
roadway of a free•Nay or on ramp/off ramp than by a person traveling on the street
adjacent to the sign.
B. exemption. The wall signs specified in Subdivisions 1 and 2 below are eJmmpt
from the limitation of Subsection A above. These signs shall not have moving parts or any
arrangement of lights that create the illusion of movement.
1. Identification signs identifying the building •Nhere the sign is located,
providing the area of the sign is not more than 50 square feet or is not larger than five
percent of the area of the side of the building, which faces primarily to the freeway,
whichever is greater; and
2. VVall signs on which the advertising is limited to the name of any person,
firm or corporation occupying the building, or the type of llusiness, services rendered, or
the name of any product manufactured or sold on the promises. The total area of all wall
signs on a building permitted in this subdivision shall not exceed 100 square feet. Any one
sign shall not exceed 50 square feet in area.
C. existing Signs. VVithin three years of the opening of a frem•.<ay to public travel,
all signs that existed prior to the opening of the fremvay and that are in conflict with the
provisions of this section and/or Section 14.4.5 of this Code shall be removed, or shalllle
rearranged or relocated so as to eliminate any confliet with the provisions of this seation
and/or Section 14.4.5 of this Code.
The Department of Building and Safety and the Department of Transportation shall
determine whether or not the sign or sign support strueture is in confliet Vl'ith the provisions
of this seation and/or Section 14.4.5 of this Code. If it is determined that any sign or sign
support struet11ro is in conflict vlith any of the provisions of this section and/or Section
14 .4.5 of this Code, then the permittee and/or other responsible person shall lle advised
and shall remove, rearrange or relocate the sign or sign support struaturo •;.rithin this three
year period.
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SEC. 14.4.7. INFORMATION SIGNS.

A. Area. lnfermation signs shall not exceed 25 SEJuare feet in area. The maximum
area of any one information sign shall not exceed a total of 25 square feet for all the sign
faces.
B. Height. lnfermation signs shall be limited to a maKimwm overall height of six
feet six inches above the sidewalk grade or edge of roadway grade nearest the sign. No
information sign shall exceed a height of six feet six inches.
SEC. 14.4.8. MONUMENT SIGNS.

A.
Area. The maximum sign area of any one monument sign shall not exceed
a total of 60 square feet for all the sign faces.
The sign area of monHment signs shall not exceed 1.5 SEJHare feet
per feat of street frontage nor a maximHm of 75 SEJHare feet fer the sign face visible to
the same direction oftraffic.
4,.

&.
The combined sign area of monument signs, projecting signs, wall
signs, iiiHminated architectural canopy signs, pole signs, roof signs and window signs
shall not exceed feur square feet fer each foot of street frontage.

B.
Height. MonHment signs shall be limited to a maximum overall height of
eight feet above sidewalk grade or edge of roadway grade nearest the sign. No
monument sign shall exceed a height of eight feet.
C.
Location. Monument signs shall be located at least 7.5 feet from interior
lot lines and at least 15 feet from any other monument sign, projecting sign or pole
sign. The location of monwment signs shall not interfere or present a hazard to
pedestrian or vehicular traffic.
G-,
Shape. Monument signs shall have a horizontal dimension eEJual to or
greater than their vertical dimension.

E.
Projection. Monument signs shall not project over the roof of a bLJilding
'*over the building line.
SEC. 14.4.9. PROJECTING SIGNS.
A. Permitted. Projecting signs shall not be permitted on that portion of a lot having
less than 50 feet of street froAtage. Lots having a street frontage of at least 50 feet may
have a projectiAg sign fer each 200 feet or fraction of that area of street frontage, if the
street frontage does ROt contain an existing projecting sign or a pole sign.
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.@.. A Area. The maximum sign area of any one projecting sign shall not exceed a
tota I of 50 square feet for all the sign faces.

1. The sign area of projecting signs visible to the same direction of traffic
shall net exceed 25 square feet plus 1.5 square feet fer each feot of street frontage wp to a
mmdmwm sign area of 300 square feet. Any projecting sign located at the street corner of
a corner lot may wse the greater street frontage in computing area limitations.

2. The combined sign area of projecting signs, vvall signs, monument signs,
illuminated architectural canopy signs, pole signs, roof signs and window signs shall not
exceed felolr sqHare feet fer each feot of street frontage.
G., B. Height. /\ fJrojecting sign shall net be located
above sidewalk grade or edge of roadway grade nearest the sign
above the top of the wall. Clearance. Projecting signs shall have
of eight feet above the sidewalk grade or edge of roadway grade
shall not extend above the top of the wall.

lmver than eight feet
and shall not extend
a minimum clearance
nearest the sign and

fl., C. Location.

1. A projecting sign shall be located at least 7.5 feet from any interior lot
line.

2. A projecting sign shall be located at least 15 feet from any other
projecting sign, monument sign or pole sign.

3. The plane of the sign face of a projecting sign shall be within 15 degrees
of being perpendicular to the face of the building, except at the corner of the building.

J2.

Projections. A projecting sign may project over the building line, but shall
not extend beyond the limits shown in Diagram A of this article. Sign projections shall fall
within an area that is perpendicular to the building line and has a width of three feet as
measured parallel with the building line. In no event, may a projecting sign project more
than eight feet from the face of a building.
€.,

EXCEPTION: For projecting signs located above a 16-foot height and on a lot
having a street frontage greater than 50 feet, projections over the building line may vary
linearly from five feet at 50 feet to eight feet at 100 feet of street frontage.
SEC. 14.4.10. WALL SIGNS.

/\. Area.
1. The total sign area of wall signs facing a street shall net mroeed two
sqHare feet fer each feet of street frontage, pllols one square feet fer each foot of building
frontage fer a single story building.
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2. For buildings more than one story in height, the combined sign area
shall not exceed that permitted for a single story by more than ten percent for each
additional story. In no event, shall the combined wall sign area exceed by 50 percent
that area permitted for a single story building.
3. For wall signs that are made up of individual letters that use the wall of
the building as bacl<ground, the allowable sign area may be increased by 20 percent,
provided there is no change in color betvteen the background and the surrounding wall

area4. The combined sign area of illuminated arohitectural canopy signs, roof
signs and wall signs facing the same direction shall not exceed two square feet fer each
foot of street frontage, plus one square feat for each foot of building frontage.
5. The combined sign area of \Nail signs, projecting signs, monument signs,
illuminated architectural canopy signs, pole signs, roof signs and window signs shall net
exceed four square feet for each foot of street frontage.
-B., A. Height. A wall sign shall not extend above the top of the wall of the building.

EXCEPTION: Where there is less than three feet between the top of the wall and
the top of a window, the.§! wall sign located above the window may extend above the top
of the wall by a maximum of three feet.

G. B. Location.
1. No wall sign except a non-illuminated painted wall sign shall be located
on a wall that faces and is within five feet of an interior lot line.
2. Wall signs installed on a wall that faces the rear lot line and that is located
within 30 feet of property that is zoned R-3 or more restrictive shall not be illuminated.
3. No wall sign shall be placed over the exterior surface of any opening of a
building, including its windows. doors, and vents.
4. No wall sign shall cross the perimeter of any opening of a building.
including its windows. door, and vents, at any point within 24 inches of the building face.

G. C. Projection.
1. No wall sign shall have a projection over any public street, other public
property or building line greater than that permitted in Diagram A of this article.
2. No wall sign shall project more than 24 inches from a building face. the
face of the building. If any message is placed on the edge of a wall sign, then that portion
of the wall sign shall be regulated as a projecting sign.
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€., D. Hi9h Rise Identification Signs Above 100 Feet in Height. Any wall signs

located over 100 feet above grade Notwithstanding the provisions of Section 14.4.4 K of
this article, shall be used as the sign area of identification signs offiy located at a height of
100 feet or more shall not be included in a lot's maximum sign area if:
Identification signs shall comprise no more than 80 percent of the •.vidth of that
portion of the building where the signs are attached. ~lotwithstanding the provisions of
Subsection A above, the area of these signs may constitute up to five percent of the area
of the wall where the signs am attached and may be in addition to the area permitted in
Subsection A above.
1. No more than two identification signs are located at a height of 100 feet or

2. No more than one identification sign is located at height of 100 feet or
more on any building face.
3. The sign area of identification signs located at a height of 100 feet or more
complies with the following limitations:
Sian Heiaht
100 feet or more but less than 175 feet
175 feet or more but less than 275 feet
275 feet or more but less than 400 feet
400 feet or more

Sian Area Limits I square feet)
5 x building face width at uppermost
mounted sian heioht
6 x building face width at uppermost
mounted sign height
7 x building face width at uppermost
mounted siqn heiqht
8 x building face width at uppermost
mounted sion heioht

4. Identification signs use channel letters.
5. Illumination from an identification sign is restricted to no greater than one
foot candle above ambient light level. as measured at the property line of a lot classified in
the RW1 zone or a more restrictive zone, when such property line is within 200 feet of the
lot where the identification sign is located.
~ E. Parking Lots. Notwithstanding the provisions of Section 14.4.4 C 5 of this
article, where a parking lot exists between a wall sign and the street, and there is a wall
between the parking lot and the street, a portion of the total sign area permitted by this
section article may be used on the wall located between the parking lot and the street so
long as the sign does not project beyond the lot line. The sign shall be restricted to that
portion of the wall between two feet six inches and three feet six inches in height above
the finished grade at the base of the wall generally facing the street.
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SEC.14.4.11. ILLUMINATED ARCHITECTURAL CANOPY SIGNS.

A. Area.
1. The area of illuminateEl architectural canopy signs shall not GlmeeEl two
square feet for each foot of street frontage, plus one square foot for each foot of buiiEling
frontage. The maximum sign area of any one illuminated architectural canopy sign shall
not exceed a total of 50 square feet for all the sign faces.
2. In applying the sign area limits specified by this article, only the area
occupied by the message of the an illuminated architectural canopy signs will be used.
~

The combineEl sign area of illuminateEl architeG!.t~ral canopy signs, roof
signs anEl 'Nail signs facing the same Elirection shall not exceeEl two square feet for each
foot of street frontage, piLls one square foot for each foot of bt~iiEling frontage.

4. The combineEl sign area of illuminateEl architecttJral canopy signs,
projecting signs, monument signs, 'lJaJI signs, pole signs, roof signs anEl winElow signs
shall not eJweeEl four sqt~are feet for each foot of street frontage.
B. Height. An illuminated architectural canopy sign shall not extend above the top
of the wall of a building.
C. Clearance. Illuminated architectural canopy signs shall have a minimum
clearance of eight feet above the sidewalk grade or edge of roadway grade nearest the
sign and shall not be located closer than two feet from the curb of any roadway.
D. Emergency Personnel Access. Illuminated architectural canopy signs shall
not occupy a four-foot distance along the exterior wall at one corner of the building's street
frontage and an additional four-foot distance along every 50 feet of the building frontage.
E. Illumination. The sign shall be internally illuminated so as to illuminate the
canopy and the exterior wall below. The illuminated architectural canopy sign shall bear
the electric sign label of an approved testing agency with a re-inspection service.
F. Projections. Illuminated architectural canopy signs may project over a building
line. However, in no event may an illuminated architectural canopy sign project more than
three feet from the building face. the face of the buiiEling.

SEC. 14.4.12. POLE SIGNS.
/\. Permitted. Pole signs shall not be permitteE! on that portion of a lot having less
than 50 feet of street frontage. Lots having a street frontage of at least 50 feet may have a
pole sign for each 200 feet or fraction of that area of street frontage, if the street frontage
Eloes not contain an existing pole sign or projecting sign.
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B. A. Area. The maximum sign area of any one pole sign shall not exceed a total
of 200 square feet for all the sign faces, and no single sign face shall exceed 100 square
feet.
1. Sign area visible to the same direction of tr:affie shall not e~reeed two
square feet for eaeh foot of street frontage, plus one square foot for eaeh foot of building
frontage.
2. The maximum area of any one pole sign shall not exeeed 400 square

3. Any pole sign that is Ia sated at the street somer of a somer lot may use
the greater street frontage for area limitations.
4. The eombined sign area of pole signs, projeeting signs, monument signs,
illuminated arshitectur:al sanopy signs, wall signs, roof signs and window signs shall not
exeeed four square foe! for each foot of street frontage.

B. Height. The maximum height of any one pole sign shall not exceed the
maximum sign area permitted for a single sign face divided by four.
C. Height. Height shall be measures from the nearest sisewall< or esge of
roadway grase to the top of the sign. The over:all height limitation shall be determines by
street frontage as follrn.vs:
1. 25 feet for lots having 50 feet of street frontage;
2. 35 feet for lots having more than 50 feet ans less than 100 feet of street
frontage; and
3. 42 feet for lots having at least 100 feet of street frontage.

Any pole sign that is located at the street earner of a earner lot rnay use
the greater street frontage for setermining height limitations. In no event shall a sign
exeeed the height speeified for the height district in which the sign is loeated.
fk C. Location.
1. Pole signs shall be located at least ten feet from interior lot lines;
however, on corner lots and flag lots, pole signs may be located five feet frorn interior lot
lines.
2. A pole sign shall be located at least 15 feet from any other pole sign,
projecting sign or monument sign.
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3. Pole signs shall be located so as not
pedestrian or vehicular traffic.

te interfere or present a hazard tc

D. Clearance. 4., Where the lower part of a pole sign is less than eight feet above
sidewalk grade or the edge of roadway grade nearest the sign, the sign shall extend to
grade or shall be installed in a planter that extends beyond the edges of the sign and sign
support structure and that is a minimum of 18 inches in height.

E. Projections. A pole sign may project over a building line, but shall not extend
beyond the limits shown in Diagram A of this article. Sign projections shall fall within an
area that is perpendicular to the building line and has a width of three feet as measured
parallel to the building line.

F. Other Requirements. A maximum of two poles shall be permitted for any pole
sign. The maximum cress sectional dimension of a pole shall not exceed ten percent of
the overall height of the sign.
SEC.14.4.13. ROOF SIGNS.

A. Permitted. Roof signs shall be permitted only v.'hen placed directly upon a roof
that slopes downward to>.vard and extends to or o','er the top of an exterior '.vall.

B. Area.
1.

:i>ign area shall not exceed two SEtUare feet for each foot of street
frontage, plus one SEtUare foot for each foot of building frontage.

2. The maximum area of any one roof sign shall not exceed 300 SEtUare
3. The combined area of roof signs, illuminated architectural canopy signs
and wall signs facing the same direction shall not exceed two SEtUare feet for each foot of
street frontage, plus one SEtUare foot for each foot of building frontage.
4. The combined sign area of wall signs, projecting signs, monument signs,
illuminated architectural canopy signs, pole signs, roof signs and •.vindo1u signs shall not
exceed four SEtuare feet for each foot of street frontage.

C. Height. The top of the roof sign shall be located at least two foot below the
ridge of the roof.

D. location.

1. Roof signs shall be located at least len feet from interior lot lines.
2. Roof signs shall be located at least two foot from the edge of the roof.
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3. The fllane of the sign face of a roof sign shall be aflflFOXimately f)arallel
to the face of the building.
SEC. 14.4.4411. WINDOW SIGNS.

A. Area. The total area of all window signs shall not exceed ten percent of the
area of the window used to display the sign.
B. Combined Area. The combines sign area of wall signs, flFOjecting signs,
monument si§ns, illuminated architectural canofly signs, flole signs, roof signs and windo•.v
signs shall not exceed feur square feet fer each feot of street frontage.
SEC. 14.4.4-514. MARQUEE SIGNS.

A. General Requirements. Marquee signs shall comply with the requirements set
forth in Section ~ 3106 of the GBG Los Angeles Building Code and the following
provisions of this Code: Sections 14.4.3 A; 14.4.4 A !2,; 14.4.5; 14.4.6; 91.6205; and
91.6207.
B. Location. Signs shall not be attached to any portion of the marquee except on
the periphery. Wall signs on the periphery shall not extend above or below the periphery.
Cloth or banner signs or drop-roll curtains may be suspended below the exterior periphery
and e)(tend within seven feet of the grade not closer than seven feet from the grade.
SEC. 14.4.4-& 15. TEMPORARY SIGNS.

A. Permit Required. Notwithstanding any other provision of this article, a building
permit shall be required for a temporary sign, pennant, banner, ribbon, streamer or
spinner. other than one that contains a flOiitical, ideolo§ical or other nor10ommercial
message. The permit application shall specify the dates being requested for authorized
installation and the proposed location.
EXCEPTION: Pursuant to Section 91.6201.2.1a of this Code, no building permit
shall be required for a temporary sign, pennant, banner, ribbon streamer or spinner that
contains a political, ideological or other noncommercial message, or that, pursuant to
Section 91.101.5 of this Code, contains less than 20 square feet of sign area.

B. Area.
1. The combined sign area of temf)orary signs shall not exceeEl two square
feet fer each feot of street frontage. In addition to the sign area allowed under Section
14.4.4-K of this article, each lot shall be allowed one square foot of sign area for every
linear foot of street frontage. This sign area shall only be used on temporary signs and no
other signs allowed by this article. The limitation on sign area imposed by this subsection
applies to all temporary signs, including temporary signs that do not require a building
permit.
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2. The combined sign area of all temporary signs, when placed upon a the
interior surface of a window and any other window signs shall not exceed a maximum of
ten percent of the window area.

C. Time Limit.

-1.- Temporary signs that require a permit shall be removed within 30 days of
installation and shall not be reinstalled for a period of 30 days of the date of removal of the
previous sign. The installation of temporary signs shall not exceed a total of 90 days in
any calendar year.
2. Temporary signs that do not require a permit shall be removed within 30
days of the date of installation of the sign.
EXCEPTION: Temporary signs that do not require a building permit may be
installed for a period of greater than 30 days. provided that such signs shall not exceed a
total of 90 days in any calendar year.

D. Location. Temporary signs, including those that do not require a building
permit, may be tacked, pasted or otherwise temporarily affixed to windows and/or on the
walls of buildings, barns, sheds or fences.
E. Construction. Temporary signs may contain or consist of posters, pennants,
ribbons, streamers or spinners. Temporary signs may be made of paper or any other
material. If the temporary sign is made of cloth, it shall be flame proofed when the
aggregate area exceeds 100 square feet. Every temporary cloth sign shall be supported
and attached with stranded cable of 1/16-inch minimum diameter or by other methods as
approved by the Department of Building and Safety.
SEC. 14.4.-'1-7 16. TEMPORARY SIGNS ON TEMPORARY CONSTRUCTION WALLS.

A. Permit Required. A building permit shall be required for a temporary sign on a
temporary construction wall. Temporary signs on temporary construction walls shall
comply with the construction requirements of Section 14.4.~ .:ill E. For purposes of this
section, the term "applicant" shall mean the owner of the sign company or, if there is no
sign company, the owner of the property.
B. Area. Notwithstanding the provisions of Section 14.4.~ 15 B 1 and 2 of this
Code, signs placed on temporary construction walls, and/or solid wood fences
surrounding vacant lots pursuant to the terms of this section shall not extend above the
top of the wall or fence and shall comply with the following:

1. The combined sign area of temporary signs shall not exceed eight
square feet for each foot of street frontage.
2. Individual signs shall not exceed a sign area of 250 square feet.
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3. Signs may be grouped to form a maximum sign area of 250 square
feet.
4. Signs or groups of signs having an area of 250 square feet shall be
separated from any other sign on the temporary construction walls and/or solid wood
fences surrounding vacant lots by at least ten feet measured horizontally.
C. Time Limit. Notwithstanding the provisions of Section 14.4.# .1.§. C 1 and 2 of this
Code, signs placed on temporary construction walls, and/or solid wood fences
surrounding vacant lots pursuant to the terms of this section shall be allowed to remain
for as long as the building permits associated with the construction site remain in effect
or for a period of two years, whichever is less. Building permits for signs on solid wood
fences surrounding vacant lots, which are not construction sites, shall be issued for a
time period not to exceed one year. The Department of Building and Safety shall grant
a new building permit for a period equal to the original building permit term upon the
receipt of (i) an application for a new building permit, (ii) the payment of the building
permit fee and (iii) a written statement from the Director of the Office of Community
Beautification consenting to the new building permit.
D. Height. Signs may only be placed to a maximum height of eight feet.
E. Location. Temporary signs placed on the exterior surfaces of any temporary
construction walls, and/or solid wood fences surrounding vacant lots are limited to lots
located in the C or M zones.

F. Special Requirements for Signs on Temporary Construction Walls,
and/or Solid Wood Fences Surrounding Vacant Lots.
1.. Review by the Office of Community Beautification. At any time
after the issuance of a building permit under this section and upon request of the
Council district office of the Council district in which the site or lot is located, the Office
of Community Beautification of the Department of Public Works (Office of Community
Beautification) shall investigate an area consisting of a 500-foot radius around the
permitted site or lot to determine whether there exists a public nuisance due to the
presence of graffiti and/or posters/handbills on light poles, utility poles, bus stops, and
any other illegal postings on public property.
If the Office of Community Beautification cannot establish that the area
constitutes a public nuisance because of the presence of graffiti, posters/handbills and
any other illegal postings on public property within a 500-foot radius around the
permitted site or lot, then the Office of Community Beautification shall expand the radius
around the site or lot in 250-foot increments, up to a maximum radius of 1500-feet. If
the Office of Community Beautification finds the existence of a public nuisance on public
property within the expanded radius area beyond the original 500 foot radius, then it
shall require the applicant to abate the public nuisance in the expanded radius area in
accordance with Subdivision 3, below.
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2. Notification of Locations for Placement of Signs. Within ten days
after the issuance of the building permit, the applicant shall provide written notification to
the Office of Community Beautification and the Council district office of the Council
district in which the construction site or vacant lot is located. The notification shall
contain the name and address of the applicant and the property address where the
signs will be placed. The notification to the Office of Community Beautification shall
include a copy of the applicant's contract with the property owner to post signs at the
specified location.
3. Nuisance Abatement. It shall be the applicant's responsibility to clean
and maintain free from graffiti public property and rights-of-way within an area
consisting of a 500-foot radius or any expanded radius required by the Office of
Community Beautification around the permitted site or lot. The applicant shall patrol the
abatement area every 24 hours to search for graffiti and remove any graffiti within 24
hours of its discovery. The removal of graffiti shall include, but not be limited to, spray
paint on walls, poles, and fences on public property. In addition, the applicant shall also
be responsible for removing any posters/handbills on light poles, utility poles, bus stops,
and any other illegal postings on public property. At the time of graffiti removal, the
applicant shall also remove any trash, debris or rubbish from the public sidewalks within
the abatement area_around the permitted site. The Office of Community Beautification
shall enforce the provisions of this subsection.
4. Permit Revocation. Any building permit issued pursuant to this
section may be revoked by the Department of Building and Safety for any of the
following reasons, provided a written and signed notification of the applicant's failure to
comply with Paragraphs (a), (d), (e) or (f) of this subsection is sent to the Department of
Building and Safety by the Director of the Office of Community Beautification:
(a) Failure by the applicant to maintain the temporary construction
wall and/or solid wood fence surrounding a vacant lot free from graffiti.
(b) Failure by the applicant to comply with the terms of the permit.
(c) Failure by the applicant to maintain the bond required in
Subsection A of this section.
(d) Failure by the applicant to eradicate graffiti within a 500-foot
radius or any expanded radius required by the Office of Community Beautification of the
temporary construction wall, and/or solid wood fence surrounding a vacant lot within 24
hours of receiving notification of the presence of graffiti from the Office of Community
Beautification or the Council staff in the Council district in which the construction site or
vacant lot is located.
(e) Failure by the applicant to remove posters/handbills placed on
light poles, utility poles, bus stops and any other illegal postings on public property
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within a 500-foot radius or any expanded radius required by the Office of Community
Beautification of the temporary construction wall, and/or solid w_ood fence surrounding a
vacant lot, within 24 hours of receiving notification of the presence of posters/handbills
or other illegal postings from the Office of Community Beautification or the Council staff
in the Council district in which the construction site or vacant lot is located.
(f) Failure by the applicant, at the time of graffiti removal, to
remove trash, debris or rubbish from the public sidewalks within the abatement area
around the permitted site.

5. Removal of Signs. If the Department of Building and Safety revokes
the building permit allowing signs on temporary construction walls, and/or solid wood
fences surrounding vacant lots, then any signs placed on the temporary construction
walls and/or solid wood fences surrounding vacant lots shall be removed by the
applicant within 72 hours after receipt of written notification.
6. Public Nuisance. Any signs remaining on temporary construction
walls, and/or solid wood fences surrounding vacant lots after the building permit is
revoked are deemed to be a public nuisance that can be abated by utilizing the
procedure contained in Section 91.8904, et seq., of the Code.
7. Office of Community Beautification. The Office of Community
Beautification is hereby designated the authorized representative of the City for the
purpose of enforcing and implementing the provisions of Sections 91.8904.1.2 and
91.8307 of this Code to remove the nuisances described in this section.
SEC. 14.4.43 17. OFF-SITE SIGNS.
A. Area. The sign area of a single face shall not exceed 800 square feet.

B. Height.
1. The height to the top of the off-site sign shall be limited to a maximum of
42 feet above the sidewalk grade or edge of roadway grade nearest the sign, except that a
sign that is more than 80 percent above a roof of a building may extend to the top of the
sign a maximum of 30 feet above the surface of the roof under the sign.
2. In no event shall the height to the top of the off-site sign exceed a height
greater than that height specified for the height district the height allowed by the height
district, specific plan. or zone in which the sign is located. or by anv applicable land use
ordinance. or a height of 60 feet above the sidewalk grade or edge of roadway grade
nearest the sign, whichever is more restrictive.
3. The bottom of the off-site sign shall be at least eight feet above the
sidewalk grade or edge of roadway grade nearest the sign.
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C. Location.
1. No portion of an off-site sign with a sign area greater than 80 square feet
shall be placed within 200 feet of a residentially zoned lot, which is located on the same
side of the same street as the lot on which the sign is placed. However, where a lot has
two or more street frontages, a sign may be located on that street frontage, which is not on
the same street as the residentially zoned lot; provided the sign and sign support structure
are placed in that half of the lot that is the farthest from the street frontage on which the
residentially zoned lot is located.
2. No portion of an off-site sign or sign support structure shall be located in
that half of a lot located farthest from the street frontage when residentially zoned property
is located to the rear of that street frontage.
3. Off-site signs are not permitted along that portion of a lot having a street
frontage of less than 50 feet.
4. No more than four off-site signs shall be located at the intersection of two
or more streets when the off-site signs are located within 150 feet of the intersection of two
street frontages.
5. An off-site sign face shall not be located within one foot of an interior lot
line.

D. Frontage Determination on Lots with Lot Lines Adjoining More Than One
Street.

1. An off-site sign shall be considered to be on a single street for purposes
of Sections 14.14.18 A and 14.14.18 D of this Code if the sign and its support structure are
located entirely on the side of the bisecting line closest to that street and the sign face is
placed at the same angle as the perpendicular line or at an angle not to exceed 20
degrees from either side of the perpendicular line as shown on Diagram C of this article.
2. An off-site sign located on a through lot shall be located on a single street
if the sign and its support structure are located entirely on that half of the lot closest to the
lot line adjoining that street.
Any off-site sign not in conformance with either Subdivision 1 or 2 above
shall be considered to be located on more than one street frontage.

E. Spacing.
1. An off-site sign, which is either single-faced or parallel double-faced, shall
be spaced as specified in Table No. B of this article from any other existing or previously
permitted off-site sign, which is single-faced or parallel double-faced. If an off-site sign is
located within a California Department of Transportation jurisdiction area. then the spacing
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rules set forth in Section 5408 of the Business and Professions Code must be followed,
but spacing shall not be less than what this article requires.
2. For any double-faced off-site sign, the spacing requirements shall be
based on the area of the largest sign face.
3. For double-faced off-site signs whose faces are not parallel, the spacing
between any proposed, permitted or existing off-site sign shall be determined by the
following formula:

D

WHERE:

=S[l+(B9~S)J

D = required spacing between

signs, i~ feet.

S =sign spacing determined from Table No. B below in feet.
B =widest edge separation of sign faces in feet.
4. Spacing shall be measured between off-site signs that are located on the
same side of the same street. Spacing shall be measured from a line that is perpendicular
to the building line and that passes through a point on the building line that is closest to the
nearest sign face edge. Spacing shall be measured along the center line of the street.

F. Double-faced Off-Site Signs.
1. Off-site signs may be either single or double-faced.
2. For double-faced off-site signs whose faces are parallel, the distance
between sign faces shall not exceed six feet.
3. For double-faced off-site signs whose faces are not parallel, the distance
between sign faces at their widest point shall not exceed 35 feet. The separation of sign
faces at their closest point shall not exceed six feet. In no event shall the angle between
sign faces exceed 37 degrees.
G. Projection. Off-site signs shall not project beyond the building line.
H. Covering. The backs of off-site signs exposed to public view shall be covered
with a finished surface or material and shall be properly maintained.

I. Other Requirements.
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1. A maximum of two poles shall be permitted for any off-site sign. The
maximum cross-sectional dimension of a pole shall not exceed ten percent of the overall
height of the sign.
2. Off-site sign supports shall be structurally independent of a building.
3. Sign support structures must be located directly under the sign face as
viewed from the front of the sign. The maximum horizontal distance between the center of
the sign support structure and the sign face shall not exceed ten feet.
SEC.14.4.4S18. AWNING SIGNS.

No awning sign shall be placed on any portion of an awning except the valance.
The sign area is limited to a maximum of 12 inches in height on the portion of the valance
that is parallel to the building face, and only when the awning complies with all applicable
provisions of Sections 91.3202 and 91.3202.3.1 of this Code. Awning signs are not
permitted on awnings with a valance above a height of 14 feet as measured from the
nearest sidewalk or edge of roadway grade to the top of the valance.
SEG.14.4.21l MURAL SIGNS.

Approval for mural signs shall be obtained from the Cultural Heritage Commission.
The (31acement, height, and overall area of a mural sign shall be as approved by the
In making its determination, the Cultural Heritage
Cultural Heritage Commission.
Commission shall find t11at tl1e (3roposed sign does not conflict with the pur(3oses and
objectives set forth in Section 14.4 .1 of this Code.
SEC. 14.4.19. SIGNS IN A AND R ZONES.

A. General Provisions.
1. No sign shall exceed a height of six feet.
2. No interior illumination of a sign is allowed.
3. No sign which is attached to a building shall project above the lowest
portion of any roof, eave or ridge of the building.
4. A sign may be single-faced or double-faced and may be located in any
required front yard, side yard, rear yard, passageway or other required open space.
B. Temporary Signs. Temporary signs shall be allowed in the A 1, A2, RA, RE,
RS, R1, RU, RZ, RW1, R2, RD, RMP, RW2, R3, R4 or R5 zones, subject to the
following regulations:
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1_, The sign area of all temporary signs on a lot shall not exceed six
square feet for all the sign faces.

2. Temporary signs related to the occasional sale of used and hand made
goods cannot be erected more than two days prior to the sale and shall be removed by
sunset of the day of the sale.
C. Permanent Signs. Permanent signs shall be allowed in the zones and subject
to the provisions listed below:
1_,
A 1 and A2 zones: Any number of awning signs or wall signs and
one pole sign shall be permitted on each lot. Any individual awning sign or wall sign
shall not exceed twenty square feet in area. No pole sign shall exceed nine square feet
in area. The sign area of all permanent signs on a lot in the A 1 or A 2 zones shall not
exceed thirty square feet in area for all the sign faces.

2.
RA, RE, RS, R1. RU. RZ. RW1. R2.and RW2 zones: One wall sign
not to exceed two square feet in area shall be allowed on each lot.
3.
RD zones: Any number of awning signs or wall signs and one pole
sign shall be permitted on each lot. But any individual awning sign or wall sign shall not
exceed fifteen square feet in area. No pole sign shall exceed nine square feet in area.
The sign area of all permanent signs on a lot in the RD zones shall not exceed twenty
square feet in area for all the sign faces.
4.
R3, R4. and R5 zones: Any number of awnina sians or wall signs
and one pole sign shall be permitted on each lot. But any individual awning sign or wall
sign shall not exceed twenty square feet in area. No pole sign shall exceed nine square
feet in area. The sign area of all permanent signs on a lot in the R3. R4. or R5 zones
shall not exceed thirty square feet in area for all the sign faces.
5.
RMP zone: Any number of awning signs or wall signs shall be
permitted on each lot. But no individual awning sign or wall sign shall exceed ten square
feet in area. The sign area of all permanent signs on a lot in the RMP zone shall not
exceed fifteen square feet in area for all the sign faces.
SEC. 14.4.20.

SIGN MODIFICATIONS.

A. Heiaht. Location and Sign Area. The Zoning Administrator shall have the
authority to grant a modification of the height. location and sign area provisions of this
article. provided that no modification of 20 percent or more is granted. In making
determinations on applications for a sign modification. no consideration shall be given to
the content message of the sign.

B. Procedures. No sign modification may be granted unless the Zoning
Administrator makes all of the findings specified in this section. The procedures for
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considering applications for a sign modification shall be the same as the procedures for
variances set forth in Section 12.27 of this Code, except that the findings for approval shall
be as follows:

.1,.
that the strict application of the sign regulations would result in
practical difficulties or unnecessarv hardships inconsistent with the general purposes and
intent of the sign regulations.
2.
that there are special circumstances applicable to the subject
property such as size, shape, topography, location or surroundings that do not apply
generally to other property in the same zone and vicinity.
3.
that the modification is necessarv for the preservation and enjoyment
of a substantial property right or use generally possessed by other property in the same
zone and vicinity but which, because of the special circumstances and practical difficulties
or unnecessary hardships, is denied to the property in question.
SEC. 14.4.21.

COMPREHENSIVE SIGN PROGRAM.

A.
Purpose. A comprehensive sign program is intended to integrate the
design of signs with the design of a development project's buildings and structures. in
order to create a unified design or architectural theme. A further purpose of a
comprehensive sign program is to define common sign regulations for multi-tenant
development projects. A comprehensive sign program is intended to further, not hinder.
the purpose of this article.
B.

General Provisions. A comprehensive sign program:

.1,.

shall not permit any sign prohibited by Section 14.4.4 C of this

article; and
2.
may only be submitted for existing or proposed development
projects on development sites that have a minimum of five acres and at least 100,000
square feet of non-residential floor area; and
3.
shall only be approved for development projects located in the C,
M, PF or R5 zones.
C.
Sign Regulations.
A comprehensive sign program may only include
provisions that vary from the following provisions of this article:

.1,.

Maximum Sign Area. The provisions set forth in Section 14.4.4 K
of this article, provided that the maximum sign area on the site of a development project
shall not exceed two square feet of sign area for everv linear foot of street frontage and
two square feet of sign area for everv linear foot of building frontage.
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2.
Lots with Multiple Street Frontages. The provisions set forth in
Section 14.4.4 L of this article.
3.
Maximum Number of Signs.
Section 14.4.4 M of this article.

The

provisions

set

forth

in

4.
Information Signs. The area and height provisions set forth in
Section 14.4.7 of this article.
5.
Monument Signs. The area, height and location provisions set
forth in Section 14.4.8 of this article.
6.
Projecting Signs. The area and location provisions set forth in
Section 14.4.9 of this article.
7.
Identification Signs over 100 Feet in Height. The provisions set
forth in Section 14.4.1 0 D of this article.
§.,
Illuminated Architectural Canopy Signs. The area provisions set
forth in Section 14.4.11 of this article.

9.
Pole Signs. The area and height provisions set forth in Section
14.4.12 of this article, provided that no pole sign shall be allowed to exceed a height of
50 feet.
10.

Window Signs. The provisions set forth in Section 14.4.13 of this

article.
11.
Temporary Signs. The time limit and area provisions set forth in
Section 14.4.15 of this article, provided that the sign area of temporary signs shall not
exceed two square feet of sign area for every linear foot of street frontage.
D. Procedures. The initial decision-maker for a comprehensive sign program
shall be the Director and the appellate body shall be the City Planning Commission .

.:L Application. An application for a comprehensive sign program shall
be filed at a public office of the Department of City Planning, on a form provided by the
Department, and accompanied by applicable fees. The application must provide all of
the information required by the Department, including a visual representation in color of
the size. illumination, height, projection, location, street orientation and type of all the
permanent and temporary signs proposed for the development project.
2.
Public Hearing and Notice. The Director shall set the matter for a
public hearing, following the procedures for providing notice of the time, place and
purpose of the hearing as set forth in Section 12.27 C of this Code.
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3.
Initial Decision by the Director. The Director's initial decision shall
be supported by written findings of fact based upon written or oral statements and
documents presented to him or her, which may include photographs, maps, and plans,
together with the result of his or her investigations. Upon making a determination
pursuant to an application for a comprehensive sign program, the Director shall transmit
a copy of the written findings and decision to the applicant, the Department of Building
and Safety, owners of all properties within 100 feet of the boundarv of the subject
property, owners of all properties abutting, across the street or alley from, or having a
common corner with the subject property, and to all persons who have filed written
requests for this notice with the Department of City Planning. The Director shall also
place a copy of the findings and decision in the file.
4.
Findings. The Director of Plannina. or the City Planning
Commission on appeal, must make all of the following findings in order to approve an
application for a comprehensive sign program:

a.
The proposed comprehensive sign oroaram is consistent
with and furthers the purpose of this article and the purpose of this section;
b.
The proposed signs visually relate to each other and convey
a unified design or architectural theme:
c.
The proposed signs are appropriately related in size,
illumination, height, projection, location and street orientation to the buildings and
structures on the development site;
d.
The size, illumination, height, projection, location and street
orientation of the proposed signs are compatible with the buildings and structures in the
surrounding area;
e.
The proposed comprehensive sign oroaram shall not
constitute a hazard to the safe and efficient operation of vehicles upon a street or a
freeway, or create a condition that endangers the safety of persons, pedestrians or
property; and
f. The proposed comprehensive sign program will not create light
pollution or other negative environmental effects that will be materially detrimental to the
character of development in the immediate neighborhood outside the development site.
g. The size, illumination, height, projection, location and street
orientation of the proposed signs within 500 feet of a residentially zoned lot are
compatible with residential uses.
5.
Filing of an Appeal. Any person aggrieved by an initial decision of
the Director concerning a comprehensive sign program, may appeal the decision to the
City Planning Commission by filing an appeal with the Department of City Planning
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within 15 days of the date of mailing of the Director's decision. The appeal shall be filed
at a public office of the Department of City Planning, on a form provided by the
Department, and shall set forth specifically the points at issue. the reasons for the
appeal. and the basis upon which the appellant claims there was an error or abuse of
discretion by the Director. The City Planning Commission shall not consider any appeal
not filed within the 15-day period. The filing of an appeal stays proceedings in the
matter until the City Planning Commission has made a decision. Once an appeal is
filed, the Director shall transmit the appeal and the Director's file to the City Planning
Commission. At any time prior to the action of the City Planning Commission on the
appeal. the Director shall submit any supplementary pertinent information he or she
deems necessary or as the City Planning Commission may request.
6.
Appellate Decision - Public Hearing and Notice. Before acting
on the appeal. the City Planning Commission shall set the matter for hearing, giving
notice by mail of the time, place and purpose of the hearing to the appellant, to the
applicant. to the owner or owners of the property involved, to the Director. and to any
interested party who has requested in writing to be so notified. The notice shall be
mailed at least 24 days prior to the hearing.
7.
Time for Appellate Decision. The City Planning Commission
shall make its decision within 75 days after the expiration of the appeal period. The 75
day time limit to act on an appeal may be extended by mutual written consent of the
applicant and the City Planning Commission. If the City Planning Commission fails to
act within this time limit. the action of the Director on the matter shall be final.
8.
Appellate Decision. The City Planning Commission may reverse
or modify the ruling or decision appealed from only upon making written findings setting
forth specifically the manner in which the action of the Director was in error or
constituted an abuse of discretion. Upon making a decision, a copy of the findings and
decision shall forthwith be placed on file in the Department of City Planning, and copies
of the decision shall be sent to the applicant. the appellant. the Department of Building
and Safety, the Director of Planning and the Office of Zoning Administration.
E. Compliance. All signs on a development site must comply with the approved
comprehensive sign program.
F. Amendment. A comprehensive sign program may be amended, subject to
the same procedures and other provisions set forth in this section.
G. Content Message. The review of an initial comprehensive sign program. or
an amendment to an approved comprehensive sign program. shall not consider the
content message of the proposed signs.
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SEC. 14.4.22.

CONTINUATION OF NONCONFORMING SIGNS.

Any existing sign that lawfully existed at the time the regulations with which it does
not conform became effective may be continued, provided that no structural, electrical or
mechanical alterations are made to the sign, except as set forth in Section 91.6216 of this
Code.
SEC. 14.4.23.

ADMINISTRATIVE CIVIL PENALTIES.

This section governs administrative civil penalties for violations of the sign regulations set
forth in this article and violations of any other sign regulations established by ordinance.

A. Declaration of Purpose.
The City Council finds there is a need for alternative methods of enforcing the sign
regulations. The Citv Council further finds that the assessment of civil penalties for
violations of the sign regulations is a necessarv alternative method for gaining compliance
with the sign regulations. The administrative assessment of civil penalties established in
this article is in addition to any other administrative or judicial remedies established by law
which may be pursued to address violations of the sign regulations.
B. General Provisions.
1. The owner of the property on which a sign is located and the owner of the
sign and sign support structure are both responsible parties for complying with the sign
regulations.
2. Violations of the sign regulations are deemed continuing violations and
each day that a violation continues is deemed to be a new and separate offense.
3. Whenever the Department of Building and Safety determines that a
violation of the sign regulations has occurred or continues to exist, the Department of
Building and Safety may issue a written order to comply to all the responsible parties.
4. The order to comply shall be posted in a conspicuous location on the
premises where the violation has occurred and mailed via U.S. first class mail to the
owner of the property on which a sign is located and the owner of the sign and sign
support structure.
5. The order to comply shall cite which provisions of the sign regulations
have been violated; the date and location of the violation; the action required to correct
the violation: the date by which the violation must be corrected; the date from which civil
penalties will accrue; the daily amount of the civil penalties; and information concerning
the right of appeal, including the date by which an application to appeal the order to
comply and the amount of the civil penalties must be filed.
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6. Civil penalties are due and payable within 30 days of the date the
Department of Building and Safetv issues the order to comply.

C. Authority,
1. The Department of Building and Safety shall have the authority to assess
the following civil penalties against each responsible party for the first, second, third and
all subsequent violations of the sign regulations on the same lot.

SIGN AREA OF SIGN IN
VIOLATION

CIVIL PENALTY PER DAY OF VIOLATION
First
Violation

Second
Violation

Third Violation and
All Subseguent
Violations

Less than 150 square feet

~2,000

~4,000

~8,000

150 to less than 300 square feet

~4,000

~8,000

~16,000

300 to less than 450 square feet

~6,000

~12,000

~24,000

450 to less than 600 square feet

~8,000

~16,000

~32,000

600 to less than 750 square feet

~10,000

~20,000

~40,000

750 or more square feet

~12,000

~24,000

~48,000

EXCEPTION: The civil penalty per day of a violation of Section 14.4.19 of this
article for signs of less than 20 square feet in sign area shall be $500 for the first
violation, $1,000 for the second violation, and $2,000 for the third and all subsequent
violations on the same lot.

2. Civil penalties shall accrue until the responsible parties complete all
actions required by the order to comply and pay all of the civil penalties due.
3. Filing of an appeal with the Department of City Planning does not stop
civil penalties from accruing.
4. Compliance with the actions required by the order to comply does not
cancel any civil penalties that have accrued.
5. Payment of the civil penaltv shall not excuse a failure to correct the
violation nor shall it bar further enforcement action.
6. If the Department of Building and Safety or the administrative hearing
officer rescinds an order to comply, the violation shall be considered corrected and no civil
penalties shall be due.
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D. Appeals.
1. Any appeal of an order to comply or the civil penalties must be filed
within 15 days of the date the order to comply is mailed to the responsible party by the
Department of Building and Safety.
2. An appeal may only be filed by a responsible party.
3. The appeal must be filed at a public office of the Department of City
Planning, on a form provided by the Department of City Planning, and accompanied by
applicable fees. The appeal must set forth specifically the points at issue, the reasons
for the appeal, and the basis upon which the appellant claims there was an error or
abuse of discretion by the Department of Building and Safety.
E. Public Hearings.
1.
The Chief Zoning Administrator shall appoint one or more
administrative hearing officers to hear appeals filed pursuant to this section. The
administrative hearing officer shall exercise all the powers and duties to conduct
hearings and make decisions pursuant to this article.
2. The Chief Zoning Administrator shall set the matter for a public
hearing, following the procedures for providing notice of the time, place and purpose of
the hearing as set forth in Section 12.27 C of this Code.
3. The Chief Zoning Administrator may grant continuances; however.
when an administrative hearing officer has been appointed, no continuances may be
granted, except by him or her, and only for good cause shown, so long as the matter
remains before him or her.
4. The administrative hearing officer shall .proceed with reasonable
dispatch to conclude any matter being heard. Due regard shall be shown for the
convenience and necessity of any parties or their representatives.
5. All oral testimony shall be upon oath or affirmation. The administrative
hearing officer shall have the authority to administer oaths and to allow crossexamination of witnesses.
6. The proceedings of the hearing shall be recorded by an audio recorder.
F. Evidence.
The administrative hearing officer shall only consider evidence that relates to
whether or not the responsible party violated the sign regulations and whether the
Department of Building and Safety erred or abused its discretion.
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G. Rights of Parties.
Each party shall have the right to represent himself or herself. or to be
represented by an attorney or other person of his or her choice; to introduce exhibits; to
cross-examine opposing witnesses on any matter relevant to the issues; to impeach any
witness regardless of which party first called him or her to testify; and to rebut the
evidence presented against him or her.
H. Decision.

1. The administrative hearing officer may reverse or modify, in whole or in
part, the order to comply. The administrative hearing officer may also reduce the
amount of the civil penalties. The administrative hearing officer's decision shall be
based solely on the record and evidence and testimony introduced at the hearing. In
making his or her decision, the administrative hearing officer may consider the
seriousness of the violation, previous violations, the number of days the violation has
occurred, and good faith efforts taken by the responsible party to correct prior violations.
2. The decision of the administrative hearing officer shall be in writing. A
copy of the decision shall be provided to the owner of the property on which the sign and
support structure is located, the owner of the sign and sign support structure, the
Department of Building and Safety, owners of all properties abutting, across the street
or alley from, or having a common corner with the subject propertv and to all persons
who have filed written requests for this notice with the Office of Zoning Administration.
The administrative hearing officer shall also place a copy of the findings and decision in
the file.
3. The administrative hearing officer may establish dates by which the civil
penalties must be paid.
4. The decision of the administrative hearing officer is final and may not
be appealed.
I. Collection.
1. If the civil penalty is not paid in a timely manner, the City Council may
order that the civil penalty be specially assessed against the real property on which the
sign found in violation is located. If the City Council orders that the civil penalty be
specially assessed against the real property on which the sign found in violation is
located, it shall confirm the assessment. and the assessment may be collected at the
same time and in the same manner as ordinary real property taxes are collected. The
assessment shall be subject to the same penalties and the same procedure and sale in
case of delinquency as provided for ordinary real property taxes. All laws applicable to
the lew, collection, and enforcement of real property taxes are applicable to the special
assessment.
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2. The City Council may also cause a notice of lien to be recorded. The
notice shall, at a minimum, identify the record owner or possessor of the real property,
set forth the last known address of the record owner or possessor, the date on which
the penalty was imposed, a description of the real property subject to the lien, and the
amount of the penalty.
3. The Office of Finance shall refer to a collection agency civil penalties
that the owner of the sign and sign support structure has not paid in a timely manner.

J. General Fund. Civil penalties collected pursuant to this section shall be
credited to the general fund.
SEC. 14.4.24.

RIGHT OF PRIVATE ACTION.

A. Any person who erects or maintains a permanent sign in violation of this
article and is issued an order to comply by the Department of Building and Safety shall
be liable in a civil action to the owner or occupant of real property located within 500
feet of a permanent sign for damages, as determined by the court, and may, at the
discretion of the court, be awarded court costs and attorneys' fees. If an order to comply
is appealed, a civil action may only be pursued if the administrative hearing officer
concurs with the Department of Building and Safety that the sign regulations have been
violated.
B. For purposes of this section, a "permanent sign" shall be a sign for which a
permit is required under this article.
C. Remedies provided by this section and Section 14.4.23 of this article are in
addition to any other legal or equitable remedies and are not intended to be exclusive.
SEC. 14.4.25.

RECOVERY OF COSTS.

Pursuant to the procedures and authority found in Los Angeles Administrative
Code Section 7.35.3, any City department shall be entitled to recover any fee, charge or
cost incurring in enforcing the sign regulations that is collectible under Government
Code Section 54988. Collectible fees, charges or costs shall include permit fees, fines,
late charges, interest and costs incurred in performing inspections and otherwise
enforcing the sign regulations.
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TABLE NO. B
SPACING REQUIREMENTS BETWEEN OFF-SITE SIGNS

Sign Area

Existing or
Permitted
Sign

Less than
80 SQ. ft.
Less than 80 sq. ft.
100ft.
80 sq. ft. to 300 sq. ft. 100ft.
Greater than 300 sq. ft. 1200 ft.

PROPOSED SIGN
80 sq. ft. to
Greater than
300 SQ. ft.
300 sq. ft.
100ft.
200ft.
300ft.
300ft.
300ft.
600ft.
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Sec. 2. A new Subsection K shall be added to Section 11.5.7 of Article 1.5 of Chapter 1
of the Los Angeles Municipal Code to read:
K. Sign Regulations. A specific plan shall not permit any of the signs
prohibited by Section 14.4.4 C of this Code. Any sign regulations included in a specific
plan must be more restrictive and may not be more permissive than the sign regulations
set forth in Article 4.4 of Chapter 1 of this Code.
Sec. 3.
Subparagraph (2) of Paragraph (a) of Subdivision 16 of Subsection A of
Section 12.05 of the Los Angeles Municipal Code is hereby deleted:
(2)
Notwithstanaing Sestion 12.21 A 7 of this Code, signs and
window or outside displays in sonnection with the home ossupation are Jlrohibited.
Sec. 4.
Subdivision 7 of Subsection A of Section 12.21 of the Los Angeles
Municipal Code is hereby deleted:

+-,
No namefllate, sign or aavertising matter of any l<ind shall be placed or
maintaine8 on any lot in any zone exceJlt in assordanse with the follo'Ning regwlations:
{at All nameJllates, signs ana advertising matter on a lot in an"/\'' or~
Zone shall pertain to a permitted use (except that no signs shall ee permitted to identify
a home occwpation) or indisate the name of the oscupant and shall be losated on the
same lot with that wse;

W

No nameplate, sign or advertising matter, which is attaches to a
ewilding on a lot in an "A" or "R" Zone, may project aeove the rpof ridge or parapet v.<all
(whichever is the higher) of the ewilding;

{G)
No illuminates nameplate, identifioation sign or adv€rtising matter,
which is permittedey this suedivision, may ee of the flashing, moving or animated type;

W There may ee only one wnlighted nameplate for eaoh dwelling unit
on a lot in an "A" or "R" Zone indisating the name of the ossupant, (exsept that no signs
shallee permitted to identify a home occwpation), and no nameplate may exoeed three
square feet in area in an "/\'' Zone, nor e>meed one and one half square feet in area in
an UR" Zone:
{at
There may ee one or more wnlighted signs pertaining to the sale of
farm products raised or prod used on the premises, but the total area of all these signs
shall not exceed 20 square feet on any lot in an"/\" Zone, nor exceed 12 feet on any lot
in an "R" Zone;

W

There may be one or more wnlighted signs pertaining to the
prospeotive rental or sale of the property, aut the total area of all these signs shall not
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eJcceed 20 square feet on any lot in an "A" Zone, nor exceed 12 square feet on any lot in
an ''R'' Zone;

{ffl There may I:Je one identification sign fer each farm, ranoh, estate or
I:Juilding other than a dwelling in an "/\" Zone, I:Jut that identification sign may not exceed
20 square feet in area;

W
There may I:Je one or more signs identifying the I:Juildings or
permitted use (except that no signs shaiii:Je permitted to identify a home occupation) on
any lot in any "R" Zone, I:Jut no one sign may have a surface area 'Nhich exceeds 20
square feet, nor shall the total surface area of all these signs exceed 30 square fee!;
tit There may I:Je one church I:Julletin I:Joard, not mcceeding 18 square
feet in area, on any lot in any "A" or "R" Zone;
There may I:Je one or more signs, warning against trespassing, on
{it
any lot in an "/\" Zone, but no one sign shall mweed three square feet in area.

W Temporary Subdivision Directional Signs. Notwithstanding any
other provision of this article, a Zoning Administrator may approve the use of any
property in an "A" or "R" Zone far the erection and maintenance of temporary unlighted
sui:Jdivision directional signs, which are neither reflective nor fluorescent, if he or she
finds that the location of the signs is proper in relation to uses of adjacent property and
that the use will not I:Je materially detrimental to the property of other persons located in
that vicinity. This approval shall ee subject to the fallowing regulations:
t41
An application shall ee filed in the Office of Zoning
Administration upon a form and accompanied I:Jy the data and information as has I:Jeen
prescrieed by the Office. Each application sJ:lall be consented to and acknowledged by
the owner or lessee of each parcel of property upon which a sign is to erected. Only
one application need be filed far all temporary, unlighted, suedivision directional signs
relating to a single subdivision separately numi:Jered and recorded by the los Angeles
County Recorder. The manner of installation ami conditions regulating number, size
and type of si§lns shall I:Je determined and approved by a Zoning Administrator. To the
extent possii:Jie, he or she shall make availai:Jie a list or eJcplanation of those installation
features and conditions that are usually required.
~
/\n approval to erect and maintain signs pursuant to this
paragraph shall ee valid far one year. If, after one year, 3/4 of the d'l:elling units or lots
have not eeen sold or leased far the first time, approval far retaining the directional
signs for not more than an additional one year period may be granted by a Zoning
Administrator.
~

square feet in area.

No sign erected pursuant to tJ:lis para§Jraph shall exceed 12
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{41 One temporary, unlighted, subdivision directional sign may be
approved for location adjacent to each street which constitutes a separate and distinct
direction on the route from a major or secondary highway to a subdivision site. Where
there are t\vo or more major or secondary highways from which there are routes to a
subdivision
site,
signs
may
be
approved
only
along
t\vo
routes.
~

The erection and maintenance of temporal)', unlighted,
subdivision directional signs may be approved only on vacant property; however, if a
Zoning Administrator determines. that vacant property is not available in locations where
provisions for travel directions are essential, he or she may approve developed property
for the location of signs.

{B1 Signs may not be located within the public right of way of any
highway, street, alley, or on any other public right of way.

f71

All signs permitted by this paragraph shall be removed within
five days after the expiration of the authorized time period. Each application shall
contain a statement signed by the applicant, the owner of the signs, and the ovmer or
lessee of the property upon which the signs are to be placed, agreeing that if the signs
are not removed as required above, they may be confiscated, removed and destroyed
by the City without further notice. Prior to the erection of any signs authorized pursuant
to any single aflplication, the apfllicant shall deflOSit $100 with the Department of
Building and Safety for the flUFflOSes of defraying any expense incurred by the City in
the removal of the signs. This money shall be refunded on the expiration of the
prescribed time period if all of the signs have been removed by the aflplicant, the owner
of the signs, or the owner and the lessee of the property •.vhere the signs are placed.
Any sign erected pursuant to these regulations may be used
only for the puFfJose of providing necessary travel direction to a subdivision
development located in the City of los Angeles, and must include the name of the
owner, the City Planning Def)artment file number, and the exf)iration date of the
approval period. The sign may contain the name of the land development project to
which it pertains, including a characteristic trademark or other identifying insignia. The
content of each sign shall be subject to apfJroval by a Zoning Administrator.
(81

{91
The approval of temfJorary subdivision directional signs
pursuant to these regulations does not release the applicant from the responsibilities of
comf)lying with any provisions of the los ,ll,ngeles Municipal Code pertaining to building
permit requirements or any other provisions of the Code regulating signs.

f:UI1
Appeals. Appeals from a determination by a Zoning
,1\dministrator may be taken to the Area Planning Commission in the manner prescribed
in Section 12.24 I.

tit Off site signs. No off site sign shall be aiiO'.ved in any zone, mccef)t
when off site signs are specifically permitted pursuant to a legally adopted specific plan,
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Sec. 9.

Subdivision 3 of Subsection C of Section 12.23 of the Los Angeles
Municipal Code is hereby deleted:

~
Contimmtion of Signs. Any existing nonconforming sign, as defined
in Section 91.6203 of this Code, may be continued, provided that no structural, electrical
or mechanical alterations are made to the sign except as permitted in Section 91.6206
of this Code.

Sec. 10. Section 13.11 of the Los Angeles Municipal Code is hereby amended as
follows:
A. Purpose. This section sets forth procedures, guidelines and standards for the
establishment of "SN" Sign Districts in areas of the City, the unique characteristics of
which can be enhanced by the imposition of special sign regulations designed to
enhance the theme or unique qualities of that district, or which eliminate blight through a
sign reduction program. This section sets forth procedures, guidelines and standards for
the establishment of "SN" Sign Districts. The purpose of the "SN" Sign District is to
facilitate the creation of a sense of place in areas of the City that have a unique quality,
theme or character through special sign regulations that convey a unified design or
architectural theme. especially those areas of the City that have unique entertainment or
cultural attributes. A further purpose of the "SN" Sign District is to improve the visual
environment of the City through sign reduction.
B. Establishment of Districts. The procedures set forth in Section 12.32 S
shall be followed, however each "SN" Sign District shall include only properties in the C
or M Zones, except that R5 Zone properties may be included in a "SN" Sign DistriGt
provided that the R5 zoned lot is located within an area designated on an adopted
community plan as a "Regional Center," "Regional Commercial," or "High Intensity
Commercial," or within any redevelopment project area. ~Jo "SN" Sign District shall
contain less than one block or three acres in area, whichever is the smaller. The total
acreage in the district shall include contiguous parcels of land •.vhich may only be
separated by public streets, ways or alleys, or other physical features, or as set forth in
the rules approved by the Director of Planning. Precise boundaries are required at the
time of application for or initiation of an individual district.
1. The procedures set forth in Section 12.32 S shall be followed. however
each "SN" Sign District shall only include properties located in a C, PF, or R5 zone:
(a) in the "Downtown Center." as designated on the Framework
Element of the General Plan; or
(b) in an area designated on an adopted community plan as
"Regional Center" or "Regional Commercial".
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2. No "SN" Sign District shall contain less than 5,000 linear feet of street
frontage or 15 acres in area, whichever is the smaller. For purposes of applying this
provision, "street frontage" shall be as defined in Section 14.4.2 of this Code.
3. The boundaries of an "SN" Sign District shall not abut an RW1 zone or
a more restrictive zone.
4. In addition to the findings required by Section 12.32 C 2 of this Code,
the following findings shall be made in establishing an "SN" Sign District:
(a) The area of the proposed "SN" Sign District has a unique
quality, theme or character; and
(b) The proposed special sign regulations convey a unified design
or architectural theme that will enhance the unique quality, theme or character of the
proposed "SN" Sign District: and
(c) The proposed special sign regulations shall not constitute a
hazard to the safe and efficient operation of vehicles upon a street or a freeway, or
create a condition that endangers the safetv of persons, pedestrians or property; and
(d) The proposed special sign regulations will not create light
pollution or other negative environmental effects that will be materially detrimental to the
character of development in the immediate neighborhood outside the proposed district;
and
(e) The proposed special sign regulations Will further the applicable
goals, objectives and policies of the urban form and neighborhood design chapter of the
Framework Element of the General Plan.
5. The total acreage in an "SN" Sign District shall include contiguous
parcels of land which may only be separated by public streets, ways or alleys, or other
physical features, or as set forth in the rules approved by the Director of Planning. At
the time of application for or initiation of an individual district precise boundaries are
required.
C.
Sign Reduction. If the ordinance establishing the "SN" Sign District allows offsite signs, as otherwise prohibited by Section 14.4.4 C 9 of this Code, or sign faces with
digital displays, as otherwise prohibited by Section 14.4.4 C 8 of this Code, then the
ordinance must also:
1. Identify the precise boundaries of a "sign impact area" adjacent to the
"SN" Sign District. Properties to be included in the "sign impact area" shall be those
properties most likely to be impacted by the proposed new off-site signs or new sign
faces with digital displays.
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2. Require, at a minimum. that every square foot of sign area of a new offsite sign or a new sign face with a digital display must be offset by a reduction of more
than one square foot of existing sign area, within either the "SN" Sign District or the
"sign impact area."
The sign reduction requirement established by this subsection shall only be met
through the demolition of existing, legally permitted off-site signs. including
nonconforming off-site signs. The reduction in existing sign area must be accomplished
prior to issuance of a building permit for the new off-site sign or new sign face with a
digital display. The applicant must provide evidence satisfactory to the Department of
Building and Safety that the demolition of the required off-site sign area has been
accomplished.
C. Development Regulations. The Department of Building and Safety shall not
issue a building permit for a sign within a "SN" Sign District unless the sign conforms to
the regulations set forth in a specific "SN" Sign District ordinance. The development
regulations for each "SN" Sign District shall be determined at the time the district is
established. except that definitions shall conform 'Nith those found in Section 91.6203 of
this Code, if defined in that section. The sign regulations shall enhance the character of
the district by addressing the location, number, SEJUare footage, height, light illumination,
hours of illumination, sign reduction program, duration of signs, design and types of
signs permitted, as 'Nell as other characteristics, and can include murals, supergraphics,
and other en site and off site signs. However, the regulations fer a "SN" Sign District
cannot supersede the regulations of an Historic Preservation Overlay District, a legally
adopted specific plan, supplemental use district or zoning regulation needed to
implement the provisions of an approved development agreement.

D. Sign Regulations. The ordinance establishing the "SN" Sign District may
allow signs prohibited by Section 14.4.4 C of this Code. In addition, the sign regulations
set forth in a specific "SN" Sign District ordinance may be less restrictive or more
restrictive than the sign regulations set forth in Article 4.4 of Chapter 1 of this Code.
"SN" Sign Districts that prohibit new off-site signs may be established.
E. Conformance. The Department of Building and Safety shall not issue a
building permit for a sign within a "SN" Sign District unless the sign conforms to the
regulations set forth in a specific "SN" Sign District ordinance.
F. Procedures. The procedures to administer an "SN" Sign District shall be the
specific plan procedures set forth in Section 11.5.7 of this Code. Notwithstanding these
procedures, a modification of the district's height, location and sign area provisions shall
be limited to less than 20 percent. This limitation shall apply to project permit
adjustments granted pursuant to Section 11.5.7 E of this Code and exceptions granted
pursuant to Section 11.5. 7 F of this Code.

Approved by the City Planning Commission on March 26, 2009

DISCUSSION DRAFT C-47

Sec. 11. A new Subsection Y shall be added to Section 19.01 of Article 9 of Chapter 1
of the Los Angeles Municipal Code to read:

Y. SIGN REGULATIONS FEES.
1. The filing fee for a sign modification pursuant to Section 14.4.20 of this
Code shall be $3,867. The appeal fee shall be 85 percent of the filing fee.
2. The filing fee for a comprehensive sign program pursuant to Section
14.4.21 of this Code shall be $10,000. The appeal fee shall be 85 percent of the filing
fee.
3. The filing fee to amend a comprehensive sign program pursuant to
Section 14.4.4.21 of this Code shall be $5,756. The appeal fee shall be 85 percent of
the filing fee.
4. The fee to file an appeal of the Department of Building and Safety's
order to comply pursuant to Section 14.4.23 of this Code shall be $6,688.
Sec. 12. APPLICATION OF REGULATIONS TO EXISTING PROJECTS AND
INITIATED OR APPLIED FOR SIGN DISTRICTS.
This ordinance amends Article 4.4 and related provisions of the Los Angeles
Municipal Code to enact new requirements and provisions regulating signs. This
ordinance also amends Section 13.11 of the Code to enact new findings and other
criteria for the establishment of "SN" Sign Districts.
This ordinance shall not apply to any project that had received a discretionary
land use approval prior to the effective date of this ordinance, and such approval
specifically permitted signs, or granted a variance, adjustment or other exception from
the sign regulations. A "discretionary land use approval" shall only refer to a grant of
privileges by a Zoning Administrator, the Director of Planning, the City Planning
Commission, an Area Planning Commission, or an appellate body on appeal, and such
privileges had not expired as of the effective date of this ordinance.
This ordinance shall also not apply to "SN" Sign Districts that have not been
established, but that the City Planning Commission had approved on or before March
26, 2009, pursuant to Section 12.32 of the Code.
Sec.13. STATEMENT OF INTENT.
This ordinance amends Article 4.4 of Chapter 1 of the Los Angeles Municipal
Code to clarify that the sign regulations are permissive. This ordinance affirms the
Council's intent that a use or structure is only allowed if the codes and ordinances of the
City of Los Angeles expressly allow it. Any use or structure that is not regulated by
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these codes and ordinances is prohibited. This amendment clarifies the Council's longstanding interpretation and does not change existing law.
Sec. 14. DIGITAL DISPLAYS.
It is a further intent of this Council that this ordinance's prohibition against new
digital displays shall also apply to the conversion of an existing sign face to a new digital
display, regardless if a settlement agreement would otherwise allow such a conversion.
Sec. 15. The City Clerk shall certify that ...

AMOS BUTLER

AUDUBON
February 13, 2013
Adam Thies, Director
Indianapolis Department of Metropolitan Development
City-County Building
200 E. Washington St.
Suite 2042
Indianapolis, IN 46204
Dear Director Thies,
Amos Butler Audubon is opposed to lifting the ban on digital billboards in Indianapolis without
careful review and specific mitigation requirements to protect migratory birds. Since 2009,
Amos Butler Audubon has been studying the phenomena of bird collisions with buildings and
other structures in downtown Indianapolis through our Lights Out Indy initiative. We have
found that the unnecessary use of aesthetic and non-safety lighting at night leads to bird
collisions with structures thereby causing death and injury to native bird populations.
The relationship between lighting in urban areas and bird strikes is widely known, including to
the outdoor advertising industry. Most native migratory birds migrate at night. Urban lights can
distract migratory birds causing them to disrupt their flight and either fly towards the light or to
the ground. Some birds will be killed by striking structures at night, others will become
disoriented, fly in circles, and die from exhaustion, while the majority of building strike victims
die the next morning as they attempt to negotiate their way out of an urban jungle.
Amos Butler Audubon has recorded 1,300 bird strikes in downtown Indianapolis since 2009.
The true number of strikes that occur annually in downtown Indianapolis may be in the tens of
thousands. The victims are native species with the warbler family representing 60% of all strikes
and native sparrows accounting for 12%. Audubon's concern with digital billboards, especially
in downtown Indianapolis where there is a known bird collision problem, is that the signs will
disorient birds and lead to their death or injury.
Should the matter of allowing digital billboards move forward, I anticipate that you and your
staff would consult with Amos Butler Audubon over our concerns posed to federally and stateprotected native bird populations. At a minimum, mitigation measures should include provisions
that:
•
•
•
•

liniit the brightness of the digital display to a specified foot-candle at night;
require shaders above each row of lights to limit upward directed light;
limit the degree of viewing angle, both vertically and horizontally; and
require that any sign sited in the downtown area be inactive between the hours of dusk
and dawn during peak spring and fall bird migration periods.

P. 0. Box 800241 Indianapolis, Indiana 46280

I www.amosbutler.org

Mr. Adam Thies
February 13, 2013
Page2

I look forward to speaking with you or your staff further about the concerns raised in this letter.
In case you were not aware, Amos Butler Audubon is one of central Indiana's oldest and largest
conservation organizations. The organization's mission is to promote the enjoyment and
stewardship of the birds of central Indiana.
Sincerely,

Don Gorney
Director of Bird Conservation and Education
Amos Butler Audubon
don@amosbutleraudubon.org
317.501.4212

cc: City-County Council
Office of the Mayor
Office of Sustainability

P. 0. Box 80024

I Indianapolis, Indiana

46280

I www.amosbutler.org

Illuminating the Issues
Digital Signage and
Philadelphia's Green Future
by Gregory Young

In the world of outdoor advertising, successive technological and stylistic advancements
have prompted cities and states to rethink their signage regulation and policy. There has
been much controversy regarding the potential safety hazard posed by digital signage.
Many studies show that such signage can lead to driver distraction and traffic delays
(Wachtel, 2009). This research, and the resultant outcry from activists and concerned
citizens, has led some policymakers to regulate distracting, electronic signage displays.
There has been relatively little research, however, regarding the enviromnental and
energy-consumption issues raised by this new technology.

The Basics of Digital Signage and Energy Consumption
First, what exactly is digital signage? Digital signage packages consist of three key
pieces: player, extepder(s), and display. The player is essentially a computer, equipped
with software to generate the displayed content. Players are typically mounted behind the
screen, and must be kept cool (via internal or accessory fan) and must be easily accessible
for repairs or rebooting. These player/fan arrangements typically consume between 200
and 300 Watts 1 while running, slightly more than a home dishwasher. Depending on the
relative location of the player to the screen, there may be a need for a video extender,
essentially a cable which connects the player to the screen. This brings us to the most
important component of any digital sign: the screen, or, in industry parlance, "the
display." There are three main categories of digital display: LCD, plasma, and LED.

Watt-~unit of power which measures the rate of energy conversion. It is defmed as one joule per second. The
kilowatt (kW) is equal to one thousand watts. For a sense of perspective, one kilowatt of power is approximately equal
to 1.34 horsepower. A small electric heater with one heating element can use 1.0 kilowatt. If that heater is used for one
hour, it will have used one kilowatt hour.
1

LED is the name used for Light Emitting Diode
(aka LED) boards, commonly used in small to
medium sized on-premise electronic advertising2 •
They are the overwhelming preference for large
off-premise 3 digital billboards; designed for longdistance impact, they are often up to 1200 sq. ft. in
size (20'x60'). According to the U.S. Department
of Energy, LEDs produce more light (in lumens
per watt) than incandescent bulbs, and their
efficiency is not affected by shape and size, unlike
traditional fluorescent light bulbs or tubes.
Proponents of digital signage tout the "greenness"
of LEDs; lower wattage and greater luminance 4
than the more traditional fluorescent,
incandescent, or halogen bulbs.
These claims overlook one key bit of common
sense: whereas traditional, static signage is
illuminated by two or three "inefficient" lamps at
nighttime, digital signs are comprised of
hundreds, if not thousands, of"green" LED bulbs,
each using between 2-10 watts, lit twenty-four
hours a day. For instance, a 14'x48' LED
billboard can have between 900 and 10,000
diodes.
Considering this simple fact, intrinsic to digital
billboard design, it is no surprise that overall
energy consumption of digital signage exceeds
that of static signage, and makes bulb-to-bulb
comparisons irrelevant in this context.

3051 Front St., Philadelphia
Off-premise LED sign

Additionally, with all digital display types, the players which control the changeable
images and the fans required to cool them must be taken into account, as they too
increase energy consumption. Adding auxiliary equipment, such as extenders, further
increases the power demand.

2

On-premise or accessory signage is defined as a business establishment's on-site advertisements.
Off-premise or non-accessory billboards/signs are those which advertise a business or product not sold at
the signs' location. Roadside billboards are a popular form of off-premise advertising.

3
4

Luminance is a measure of the perceived brightness of a light-emitting surface, such as a digital sign. Its unit of
measure is candela per square meter (c/m2), informally referred to as "nits."

2

Determining the exact power consumption for a digital billboard is difficult; usage is
dependent upon many variables, including size, resolution (how close pixels are spaced,
aka diode density), how many LEDs are in each pixel, the color capabilities of the board
(tri-color or full color), the image being displayed and time of day (daytime operation
requires more power than nighttime operation, as the lit image must compete with the
brightness of the sun). Despite these difficulties, we have compiled an objective chart of
consumption rates. Our information was provided by a variety of sources, ranging from
manufacturers, fellow researchers, advocacy groups, and independent meter readings.

Approximate Annual Energy Usage for Billboards
Static vs. LED
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LED units generate heat, and cannot function well in heat which reduces the unit's life
expectancy. As a result of the tremendous amount of heat generated in LEDs , and the
additional impact of hot weather on the signs, an air conditioning unit is incorporated to
cool the components. The energy drawn from the grid is highest during the summer
months when the heat from the sun coupled with the heat generated by the higher
brightness of the LED unit requires increased demand on the air conditioning system
installed for cooling the LED unit. This energy use corresponds directly with maximum
peak demands from businesses and residences. Utility companies now provide a discount
for homeowners if they can disconnect their air conditioners from the grid during the
peak load demands. There is no discussion or plan that we are aware of to disconnect
LED air conditioners or darken signs during periods of high demand. If traditional
billboards continue to be replaced by LED signs, the growing draw of energy during peak
hours could negate the efforts of Utility companies to reduce demand during peak times.

3

Rates of Energy Consumption
Product type

Annual Usage,
kWh*

Annual
cost**

Unillumintated Static Sign

0

$0

Noventri ugreenu player

35

$4.80

Noventri PC based player

1,752

$240

Corn Digital42" LCD Display

2,103

$288

Hewlett-Packard 47" LCD Display

2,737

$375

Salescaster Corp. 76"x12" LED sign (8-color)

4,380

$600

Static Billboard (4) Halide lamps- calculated

7,008

$960
.

LED Authority 36"x60" LED sign (full color)

8,760

$1,200

Average US home

11,040

$1,512

LED Billboard (L.A. Reading)

61,D32

$8,361

Barco LED

73,584

$10,081

Lighthouse LVP2056

92,715

$12,792

AGX digital14' x 48' billboard

117,866

$16,148

14' x 48' lED Billboard (Florida actual reading)

162,902

$22,318

Era LED Series P20 Billboard

249,690

$34,208

ThinkSign LED

248,993

$34,112

Optec Displays LED

323,773

$44,357

* Energy Usage (((24))((365))/1000
** Average costs per kWh=$.137 (Metro Area)

4

In many applications---such as television/computer display, general lighting, and small
electronics---LCD, plasma screen, and LED technological advancements have proven
more energy efficient than their predecessors, but research indicates that out-of-home
advertising is simply not an appropriate or responsible application for digital technology.
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'

LED Authority

36"x60" lED sign
(full color)

Sign Brightness
Measuring Sign Brightness
Apart from energy consumption, there are the
important issues of light trespass and light
pollution, which cause distraction, obscure stars
in the night sky, and, like any other form
of pollution, disrupt ecosystems and cause
adverse health effects for humans and wildlife
alike. Light trespass 5 is measured in two ways:
luminance or illuminance. Luminance
(measured in nits 6) quantifies surface
brightness, or the amount of light an object
gives off. Illuminance (measured in
footcandles 7 ) quantifies that amount of light
which falls onto an object.

.

~
.

'

This sign (above) gives off light.
Its Luminance is measured in nits.

By either measure, digital signage can create
significant problems. "During daylight, an unlit
static billboard will have a brightness which
"fits in" with its surroundings; it will not cause
excessive distraction because of excessive
luminance" (Carhart, 2010, p.4). But, to capture
drivers' attention, digital signs must be set to
very high luminance levels, as they are
essentially competing with the sun, which has a
luminance level of 6,500 nits. If this extreme
brightness is not modulated to fit nighttime
conditions, we face issues including very high
energy consumption during the day, light
pollution in the evening, and potential driver
distraction at all times. The OAAA (Outdoor
Advertising Association of America) has
guidelines to address brightness limits, but they
are not mandated.
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This sign (above) is being lit by a light source.
Its Illuminance is measured in footcandles.

Light trespass occurs when unwanted light enters one's property, for instance, by shining over a neighbor's fence. A
common light trespass problem occurs when a strong light enters the window of one's home from the outside
6
Nit-term used to describe a metric unit ofluminance. It it is defined as candela per square meter (cd/m2 ). The unit
is based on the candela, the modem metric unit of luminous intensity; and the square meter.
7
Footcandle- Unit of light density incident on a plane (assumed'· to be horizontal unless otherwise specified), and
measurable with an illuminance meter, a.k.a. light meter.
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Limiting Sign Brightness
Proposed limits on sign brightness have caused much debate. Research provided by the
Illuminating Engineering Society of North America (IESNA) states that drivers should be
subjected to points of brightness no greater than 40 times the average brightness level of
their general surroundings; this proportion is known as the contrast ratio. "As roadway
lighting and automobile headlights provide ambient nighttime lighting levels of about one
nit, this implies signage should appear no brighter than about 40 nits" (Luginbuhl, 2010,
p.l). Surprisingly, the IESNA's own recommendations for signage luminance suggest
limits between 250-1400 nits---greatly exceeding their stated maximum contrast ratio of
40:1.
The OAAA, has deemed 300-350 nits an acceptable level of night brightness. However,
their guidance is based on the use of the IEEE standard for light trespass (IESNA-TM-1100), when, for reasons of traffic safety and glare in drivers' eyes, it should have been
based on IEEE's standard for roadway sign lighting (IESNA RP-19-01).
Traditionally floodlit static billboards rarely exceed 100 nits; experts on both driver
distraction and light pollution recommended that, as a means of compromise, the new
technologies should not exceed this value. In many areas, including Philadelphia,
brightness levels are currently unregulated, and many manufacturers publicize their
signs' capabilities to reach up to 11,000 nits.
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Sign Brightness
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Digital signage advocates mention the horizontallouvers 8 included in many billboards as
an effective measure to prevent light pollution. In reality, these louver systems were
designed primarily to shade each diode from sunlight (thus increasing their prominence),
not to limit nighttime glow. 9 As Luginbuhl. states in "Lighting and Astronomy,"
horizontal light (that which is emitted between 0° and roughly ±20°, and not restricted by
horizontal louvers) contributes even more to skyglow than light emitted at higher angles,
The effects of lower-angle lighting----such as that used to captivate approaching drivers-- are visible over a much broader area (Carhart, 2010).
A better option is to simply operate signs at less than maximum brightness. Not
surprisingly, sign brightness and energy usage are directly related; beyond reducing light
pollution and distraction, lowering luminance reduces total power consumption. One
manufacturer experimented with running their digital displays at half-brightness; they
were able to reduce power usage by nearly 40%, while maintaining full sign readability
(Noventri, see in chart). Another option for reducing unnecessary brightness (and thus
power usage) is to equip signs with sensors which automatically lower light output in
accordance with atmospheric conditions.
For example, sign brightness would
mechanically be dimmed during dusk, early morning hours, or during cloudy or overcast
weather. Again, OAAA does have guidelines for dimming, but they are not mandatory.

8

A louver is a slat that is angled to keep out rain, direct sunshine, etc. The angle of the slats may be
adjustable or fixed.
"Retrieved from http://www.optec.com
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Materiality and Recydability
Life Span
Light Emitting Diodes have a lifespan of 100,000 hours. According to Bryant, this
equates to roughly eleven years for LED billboards, compared to the fifteen years for
traditional static billboards. At that point, the diodes will be operating at 50% of their
prime brightness. Of course, considering the return on investment that the sign owner has
received by that time, he or she will likely not hesitate to replace the sign quickly
(Bryant, 2008). As these large digital displays and their associated digital players
increase in popularity, will we soon face an abundance of difficult to recycle, discarded
technology?

Techno-Waste
Obsolete technology is a valuable source for secondary raw materials, if treated properly;
if not treated properly, it can be a source of toxins and carcinogens. Rapid industrial
advancement, decreasing initial cost, and even planned obsolescence could result in a
fast-growing surplus of"techno-waste" (Morgan, 2006). LED's, plasma and LCD
screens, and digital players and extenders are recyclable, but their de-manufacturing and
reuse is not always mandated or monitored.
In the US, the main federal law governing solid waste is the Resource Conservation and
Recovery Act of 1976; as far as electronics are concerned, it covers only cathode ray
tubes (televisions and computer monitors popular before LCDs, plasma and LEDs),
though state regulations may differ, according to the U.S. Environmental Protection
Agency. Volumetrically, digital signage does generate more waste to be recycled than
the paper, vinyl sheets, and plywood or canvas facing of static billboards, but lacks the
potentially toxic adhesives.

Technological Graveyard: A massive collection of now-obsolete Cathode Ray Tube
televisions. Could digital signage one day face a similar fate?
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Future Technological Innovation
Digital display types have become increasingly energy efficient since their inception, a
trend that will likely continue. While early generations of LED lamps could produce
only 20 lumens per watt (compared to about 15lumens/watt for incandescent), current
models can achieve over 100 lumens/watt (Klipstein, 2009). More energy efficient
players are also in development, including a model that uses only 4 watts of electricity,
the equivalent of a single small light bulb. As technology continues to progress, there is
hope that digital signage may one day be a truly green option, but we are not there today.

Solar Power
Solar power is one promising advancement recently used in the installation of a 6,000 sq.
ft. digital billboard in Times Square which is fully powered by solar panels and
photovoltaic solar modules, and illuminated by floodlights. It consumes no additional
electricity. According to Cooley's Commercial Graphics, manufacturer of the solar sign,
"These lightweight systems could be installed on some portion of the 450,000 billboards
currently in the United States. Each of these billboards would generate clean renewable
energy to either power the billboard lighting system or would be sold back to local utility
companies through net metering or feed in tariffs programs" (Connor 20 10).
A similar program has been implemented in San Francisco, and successfully generates up
to 3.4 kilowatts of excess energy, distributed to local utility customers. 10 Some are
skeptical, however; an industry insider states, "illuminating signage via solar power poses
a significant hurdle, because harvesting and processing solar energy is relatively
inefficient," and estimates that approximately only 20% of energy collected could be
retransmitted as sign illumination (Aust, 2007). While these green advancements are
laudable, they are climate-dependent, and their high initial costs make them unlikely for
mainstream usage without government mandates or incentives.
Carbon Footprint
Average 2008AirTravel Ave rage 2008
Average 2008
Digital
Optec
(Total US Commercial air travel by
travel by
Billboard
Displays
travel for 2008 I Census passenger car:
passenger car:
(LA.
LED
Estimate of total US
calculated for
calculated for
Reading)
population)
small car
suv
Average Home
Total annual emissions (tons)
0.93
2.48
8.28
6.59
45.77 242.82
32.96
No. of trees to offset per year
4.66
12.38
41.4 228.87 1,214.10

(2007, December 3). Retrieved from http://www.environmentalleader.com/2007/12/03/pgeswgreen~campaign~gets
solar-powered-billboard/
10
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Economic Feasibility and
Return on Investment
Off-Premise, Non-Accessory Billboards
In addition to their environmental impacts, we looked into
the profitability of digital billboards, and received mixed
results. Although LEDs are expensive, manufacturers
frequently claim that cost is recouped over time and in reduced energy usage and
maintenance costs. For off-premise advertising, the initial investment in a digital sign is
large---$250,000-$500,000 (Goldstein, 2008)---but future overhead for the advertising
company is low, as graphics can be remotely changed and replaced. Often, they are also
able to rent out the advertising space for a higher premium than on static billboards.
Space on a digital billboard rents at the same rate, or higher, as a comparably sized static
billboard, even though each ad will be featured only intermittently, sharing space with up
to eight other advertisements in the rotating lineup. This means huge profit increases for
the outdoor advertising companies, and a quick return on investment. Digital
billboards provide operators with an average of $14,000 per month in rent (typically
from multiple advertisers), compared with $1,000 to $2,ooo per month for
traditional billboards, which serve only one advertiser (Goldstein, 2008).ll Total
revenue from the outdoor digital signage equipment market in the United States,
including hardware, software, installation, and maintenance, grew by about 33% in 2009,
a trend that is expected to continue. The Federal Highway Administration estimates that
in 1996 there were over 400,000 billboards on federally controlled roads, which
generated revenues in excess of$1.96 billion (Schueller, n.d.).

On-Premise, Accessory Signs
On-premise advertising appears to be less cost-effective. The initial cost of installing a
digital signage network has not been recouped by many of the operators interviewed, to
say nothing of the dramatic increase in energy expenditures when compared to static
signage (Noventri, 2010). Additionally, the burden of providing frequently-changing
content falls on the operator; many small businesses simply do not have the creative staff
or technical knowledge to create changeable graphic displays.
Despite uncertain profitability for on-premise signs, market statistics and lay observation
point to the growing popularity of digital signage, both off-premise and on-premise. In
the absence of guaranteed profits, their chief selling point is their uniqueness---the fact
that they "stand out." However, as this type of advertising becomes more mainstream,
and the market becomes saturated, how long can simple novelty justify its high financial
and environmental costs?

11

Sales prices reflect market averages in Bangor, PA. Rates may vary with location.
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Current Trends
How big of a problem do unregulated energy consumption and luminance levels pose?
Right now, only a small fraction of American outdoor advertising is digital. This nmnber
is growing, however, and the trend shows no sign of slowing. Rapidly-dropping prices
for large LED screens have led to a growing increase in the number of digital signage
installations. Today, there are nearly 800 of these digital billboards in the U.S. It's a
small number compared with 450,000 traditional billboards across the country, but it's
growing fast. The Outdoor Advertising Association of America, an industry trade group,
projects that the nmnber of digital billboards in the U.S. will expand at a rate of several
hundred per year (Goldstein, 2008). Clear Channel Outdoor Holdings, an industry
powerhouse, says it is expanding its digital billboard business in markets such as Los
Angeles, Chicago and Philadelphia (Hau, 2007). Philadelphia is home to an estimated
I ,800 billboards, including a handful of digital signs---the effects of widespread
conversion from static to digital would raise significant safety and environmental issues.

Digital Signage: Growing Presence
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Rapid Growth: The number of digital billboards is increasing at an increasing rate in the US,
as evidenced by the above graph. On-premise digital signage has shown an even more
dramatic increase in popularity (Urazbaev, 2009).
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How Does Philadelphia's Current Zoning Code
Regulate Electronic Signage?
Simply put, it doesn't address the
technology. Signage regulation within the
Philadelphia zoning code (Section 141604) was passed in the early 1990s and
does not specifically address electronic
outdoor advertising. The code for onpremise signage (storefront signage) is
equally devoid of controls on electronic
signage, opening an opportunity for these
kinds of signs in all commercial districts.

Pink dots denote Philadelphia's current
inventory of digital billboards (10 total),
concentrated along 1-95 and the
Schuykill Expressway

I

/

.

A leader in the outdoor advertising
industry, Clear Channel, has embraced the
digital trend. The company has revamped
several of its existing static billboards to
LED format along the I-95 corridor in
Philadelphia. In order to proceed with the
conversions, Clear Channel sought the
approval of Philadelphia's Department of
Licenses and Inspections (L&I), which
granted permission for the conversions to
take place with few requirements. This
interpretation was made in spite of clear
language in the code prohibiting an outdoor
advertising sign from carrying more than
two messages at one location. Under
L&I' s current interpretation of the code,
any billboard that is 500 feet or more away
from residentially zoned property may be
converted to electronic as of right. If this
interpretation remains in place, this could
translate to hundreds of converted
electronic billboards - the only factor
moderating conversions right now is the
(continually decreasing) expense involved.
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Examples from Other Cities
To date, no known city has passed limits on sign energy usage, but about one quarter of
states in the U.S. prohibits moving or animated signs, and roughly one third have
specifications for dwell time ranging from four seconds to several minutes. Most states
prohibit flashing red lights and anything that causes a glare or vision impairment.

Pittsburgh, Pennsylvania
A proposed amendment to Pittsburgh's zoning code states that no electronic sign may
exceed .3 foot candles illumination above ambient light level to prevent distraction and
inte1ference with traffic signals. As discussed earlier in this paper, OAAA recommends
foot candles in its guidelines but the usefulness of this measurement has been questioned
and nits is the preferred measurement for detecting brightness and glare emitted from
digital signs). Additionally, Pittsburgh's amendment sets a dwell time of at least ten
seconds, and prohibits animation of any kind. 12

Concord, New Hampshire
Some cities and states have banned electronic message boards outright, including
Concord, New Hampshire. There, the ban on electronic message centers was upheld on
appeal to the First Circuit Court, on grounds that the ban promoted both traffic safety and
community aesthetics (Carpentier, 2009). 13

Panama City Beach, Florida
In the absence of a cohesive state or federal policy, residents and policy makers in
Panama City Beach, Florida decided they could not allow digital signage to continue to
proliferate unfettered. They drafted a set of restrictions on sign size, placement and
brightness which have been incorporated into the City Code. "The specifications make
regulation seem like an exact science, when it's really just public and private actors
negotiating acceptable limits," voices one critic. While imperfect, it sets a valuable
precedent for regulation because the proposed ordinance limits the amount of light digital
signs can emit, their illumination must be measured and monitored by an instrument
widely available and specially designed for this purpose.

Tulsa, Oklahoma
The study "Digital Billboard Recommendations and Comparisons to Conventional
Billboards" recommends billboard brightness of 342 nits for an average sized (1 0'6" x
36') billboard under average ambient lighting conditions (Lewin, 2008). 14 In response to
these recommendations, the Planning Commission of Tulsa, Oklahoma recommended a
limit of 300 nits for all signage, but this was raised to 500 nits before becoming law, due
to pressure from the outdoor advertising industry.
12

The Pittsburgh Code, Title Nine, Zoning Code, Article VI, Chapter 919, Signs.

13

Naser Jewelers, Inc. v. Ci1y of Concord, 2008. WL 162521 (C.A. I N.H. 1118/2008)

14

n.b. This study was funded by the Outdoor Advertising Association of America.
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Municipalities that ban or limit digital billboards
STATE

CITY/COUNTY

ACTION TAKEN

Alaska

(state)

Ban

Arizona

Gilbert

Ban

Arizona

Pima County

Moratorium

California

Los Angeles

Moratorium

California

San Francisco

Ban

Colorado

Denver

Ban

Florida

Largo

Ban

Florida

Pinellas County

Moratorium

Florida

St. Petersburg

Ban

Georgia

Atlanta

Moratorium

Hawaii

(state)

Ban

Maine

(state)

Ban

Michigan

(state)

Considering Moratorium

Minnesota

Minnetonka

Moratorium

Minnesota

Oakdale

Moratorium

Minnesota

(state)

Considering Moratorium

Missouri

Lake St. Louis

Ban

Missouri

St. Louis

Moratorium

Montana

(state)

Ban

North Carolina

Durham

Ban

Rhode Island

(state)

Moratorium

Tennessee

Knoxville

Ban

Texas

Amarillo

Ban

Texas

Austin

Ban

Texas

Dallas

Ban

Texas

EIPaso

Moratorium

Texas

Ft. Worth

Ban

Texas

Galveston

Ban

Texas

Houston

Ban

Texas

San Antonio

Moratorium

Vermont

(state)

Ban
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Policy Recommendations:
Electronic Signage and Philadelphia's Future
Philadelphia is currently in the
process of a complete overhaul
of its zoning code and
comprehensive plan, bringing
the city into the present and
preparing for its future. A
recently released draft of the
updated code does aim to
control digital advertising, but
more (and better) regulation is
needed; the draft focuses on
off-premise advertising, and is
particularly relaxed regarding
on-premise electronic message
boards.
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For the purposes of controlling light pollution and energy consumption, the distinction
between on-premise and off-premise signage is oflittle relevance; as such, we offer
similarly cautionary restrictions for both sign types, from a traffic safety perspective, onpremise signs may be worse. They can be bigger, closer to the roadway, have motion and
animation (Wachtel, 2009).
Our first issue with the draft is one of semantics: currently, the draft specifically regulates
any sign with action or motion, animation, rotation, scrolling, flashing or color changes,
or upon which illumination is not maintained at a constant stationary intensity and/or
color, as a means (we assume) of regulating digital signage in general. We anticipate that
this language could create the opportunity for misinterpretation; electronic and digital
message boards are not necessarily flashing/animated/intermittent, as they are capable of
the display of static, yet still excessively bright, imagery. Advertising companies often
specifically describe their digital signage as "static," as a way to circumvent inexplicit
regulation such as this.
We suggest revising the zoning language to include any and all digital signage, defined as
any sign capable of displaying words, symbols, figures or images that can be
electronically or mechanically changed by remote or automatic means, 15 not just those
that are animated, flashing, or intermittent, which can be subjective descriptions.

15

From Oklahoma City Municipal Code, 2007, Chapter 3, Article V, Section 3-82.
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The current draft states that off-premise digital
billboards are not to be located within 500 feet of
an entrance or exit ramp to any major highway, or
within 200 feet of any intersection of the street or
highway on which it is intended to advertise to.
For off-premise signage, the proposed code
prohibits flashing signs, signs with intermittent
illumination, or signs with mechanically or
electronically changing messages within 500 ft. of
any residential district. It also prohibits them from
facing any residential district within 1,000 ft. For
on-premise digital signage, these distances are
lowered to 150ft. and 300ft., respectively.
16'" & Washington, Philadelphia
On-premise LED sign

We recommend that this regulation be expanded
and increased; best practices from the Australian
states of Queensland, Victoria and New South Wales, South Africa and The Netherlands
illustrate the rigor with which the situation of electronic advertising must be assessed
before it can be deemed safe for motorists and other road users. Among the
considerations these governments require in assessment of the placement of outdoor
advertising are: traffic speed on the adjacent roadway, sign content, legend height,
vicinity of official traffic control devices, type of street or interchange, sign brightness,
hold time, sign content, the potential that an advertisement will be mistaken for a traffic
control device, the amount of information communicated, the concision and legibility of
the advertising message, and an advertising structure's obstruction of key sightlines.
These best practices are detailed in the attached Appendix D, Excerpt from 2009
AASHTO Report. (Wachtel)

According to the present draft, signs may be illuminated, but the illumination shall be
focused upon the sign itself, so as to prevent glare upon the surrounding areas, and digital
billboards must have a luminance level appropriate to the ambient environment in
keeping with the standards set forth by the Illuminating Engineering Society ofNorth
America (IESNA). These regulations are too vague; we propose specific limits to
prevent light trespass and light pollution. As such, the illumination projected from any
use shall at no time exceed 0.1 footcandle onto a residential use, and 1.0 footcandle onto
a non-residential use. This should apply to light emitted from any form of signage, onpremise or off-premise. We also propose specific luminance limits of 100 nits for
nighttime conditions, applicable to all digital signage. (Lebenbuhl)
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Additionally, there must be prescribed methods for determining compliance with the
aforementioned illuminance and luminance limits. Again, illuminance measures the
amount of light which falls onto an object; luminance measures the amount of light an
object gives off. To gauge light trespass on neighboring properties, illumination shall
be measured (in footcandles) at any time and from any point on the receiving property
line using an illuminance light meter. While an illuminance meter is a practical device
with which to measure light trespass, inherent sign brightness is best measured using a
luminance meter, which is capable of directly measuring the surface brightness of signs.
Luminance meters are quite costly; sign owners should be financially responsible, by
means of permit fees, for any and all equipment/operational costs needed to ensure that
their luminance levels remain in compliance with aforementioned limits.
Luminance limits between the full sunlight limit and the nighttime limit may also be
specified for overcast or foggy days. Regulations should require an automated control of
sign luminance based on current ambient lighting conditions. To further control light
pollution, off-premises digital signs shall be extinguished automatically no later than
11 :OOpm each evening until dawn. Signs for establishments that operate or remain open
past 11 :00 p.m. may remain on no later than one half hour past the close of the
establishment.
Where new digital signage construction or digital conversions are permitted, there should
be a "trade-off' policy, based on power consumption. For every square footage of digital
signage an outdoor advertising company installs, via new construction or conversion,
they must remove a specified amount of square footage of their existing static signage, in
order to maintain or reduce their carbon footprint. Such a policy has been implemented
in many cities and states. Finally, obsolete or otherwise discarded digital signage, and all
accessory components, must be fully recycled at the expense of the manufacturer.

Conclusion
Our research and the resultant policy recommendations could not come at a better time,
as digital signage figures prominently on several hot-button issues regarding Philadelphia
urban development. For example, the Market East corridor of Philadelphia is in great
need of renewal and rethinking; the look and feel of the "new" Market East is a very
controversial topic. Councilman Frank DiCicco's Outdoor Advertising Billl00013 takes
away the city's ability to regulate signage and will allow massive outdoor advertising
signs including LED digitals and rooftop billboards along Market Street between 7th and
13th Streets, transforming Market East into a garish thoroughfare reminiscent of the Las
Vegas Strip.
Paul Levy, president and CEO of the Center City District and a key player in the
revitalization of Market East, is amenable to the sorts of eye-catching wraps, digital and
LED signs, though he says the city must make sure they stimulate development.
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"Building owners shouldn't get to throw up a giant ad on a tiny decrepit storefront. They
should only be able to profit from these signs --- and thus generate tax revenue for the
city --- if they renovate their properties in line with city standards and fill them with
people" (Rubin 2010).
Over the past ten years, many studies of digital signage have focused on the issue of
driver distraction and road safety. These studies have been conducted in many countries
(e.g. U.S., U.K., Australia, South Africa, The Netherlands, Norway, and others) and they
have used a variety of research methods, including simulator and laboratory
investigations, opinion surveys and focus groups, on-road studies in instrumented
vehicles, and longitudinal analysis of summaries of traffic collision reports. With only
two exceptions, those recent studies performed by government agencies, universities, and
non-profit traffic safety organizations, have found a detrimental effect on driver
distraction (or other measures of traffic safety) in the presence of billboards. The only
studies that have reported no adverse safety impact of digital billboards have been those
sponsored by the outdoor advertising industry.
And we use the word "reported" advisedly. That is because, in one case, despite the study
authors reporting no distraction from digital billboards, the actual data collected clearly
showed such an adverse impact. And, in the other case, despite the study authors
reporting that the presence of digital billboards had no effect on traffic crashes, the
authors have been challenged by experts, both in peer review and in public forums, for
using improper statistical methods - with the results that their reported conclusions are
unjustified and should be retracted.
The Federal Highway Administration is nearing completion of its own on-road research
study looking at levels of driver distraction as measured by eye movements in the
presence and absence of digital billboards. This report is expected to be available in the
first quarter of 2011.
Higher electricity consumption, increased light pollution, and recyclability issues should
make us pause and question the growing popularity of digital signage. As America at last
embraces sustainability and Philadelphia strives to become the "greenest city in
America," is a proliferation of digital signs along our highways and storefronts sending
the right message?
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Greening Up: Digital Billboards Now Use Less Energy
by Erik Sass, Friday, July 8, 2011 3:48 PM

Digital billboards are using significantly less energy, on average, than they were four years ago,
according to an analysis by the Louis Berger Group. That's good news for the digital out-of-home
industry, since high energy consumption (which can result in excess heat, requiring even more
energy for cooling) has been one of the main complaints leveled at the burgeoning medium by its
critics. It could also make DO more appealing for advertisers by reducing costs, and for billboard
owners by boosting profitability.
Energy consumption by 14x48 foot digital bulletins has dropped 61% since 2007, while energy
consumption by 12x24 foot digital posters declined 40% over the same period, on average, according
to LBG, which focused on billboards manufactured by Daktronics and Young Electric Sign Company
(it's not clear whether overall energy consumption by digital billboards has declined; it seems unlikely
considering the growing numbers of static billboards being converted to digital every year). YESCO
boasted that its billboards use just one-quarter of the power they needed six years ago.
LBG attributed the reduction in average energy consumption to a number of innovations, including
brightness controls that reduce brightness at night and improved cooling technology which is
replacing costly air conditioning. The switch to LEDs has also resulted in big energy savings in some
cases. There are approximately 2,400 digital billboards of various types across the U.S., out of a total
estimated 400,000 billboards.
Commenting on the LBG findings, OAAA President & CEO Nancy Fletcher stated: "The outdoor
advertising industry is committed to corporate social responsibility and community investment, as
evidenced by the findings in this analysis. Digital billboard companies continually strive to enhance
product offerings to ensure they are both effective and efficient, and reducing energy consumption
is obviously a top priority."
The LBG survey, which was sponsored by the OAAA, comes as a timely rebuttal to a critical study by
the Philadelphia non-profit Society Created to Reduce Urban Blight (with the transparent acronym
SCRUB) which found that the largest digital billboards can consume 323,773 kilowatt hours a year, or
about 30 times the energy required by a typical household.
0 comments on "Greening Up: Digital Billboards Now Use Less Energy".
Gerald Troutman from Triamond Media commented on: July 8, 2011 at 9:48p.m.

Using less power to provide fewer impressions ... at least the CPK (cost per kilowatt) has dropped!
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EXECUTIVE SUMMARY
The most notable findings from this study are as follows:
•

Eyeglance results showed that there were no differences in the overall glance patterns
between digital billboards, conventional billboards, comparison events, and baseline events
during the daytime.
• Drivers did not glance more frequently in the direction of digital billboards than in the
direction of other event types during the daytime.
• Drivers took longer glances in the direction of digital billboards and comparison sites than in
the direction of conventional billboards and baseline sites during the daytime.
• An analysis of glances lasting longer than 1.6 seconds indicated that these longer glances
were distributed evenly across the digital billboards, conventional billboards, comparison
events, and baseline events during the daytime
• The nighttime results indicate that digital billboards and comparison events may be
associated with more active glance patterns, as well as with more frequent and longer glances
towards the digital billboards and comparison events.
• For the post-drive questionnaire, 42% of drivers mentioned billboards as one of the top five
items that caught their attention; note that drivers did not know this was billboard study.
• In an open-ended question, three drivers mentioned billboards as the single most memorable
item on the trip, and two referred specifically to the digital billboards as being memorable.
The motivation for the current study was to examine driver performance in the presence of
digital billboards, as compared to other driving locations without them. There is a long history
of studying billboards in the context of traffic safety but, although the research record covers
many years (1951 until the present), it is lacking in volume and is primarily focused on
conventional billboards. There were a few epidemiological studies performed in the early 1950's
examining traffic accidents in the presence and absence of billboards; however, much of this
early work was methodologically flawed. After a long gap in research, there were a few
additional studies in the 1960's through the 1980's, none of which demonstrated that billboards
are unsafe. More recent studies conducted in Canada have shown that there may be changes in
driver behavior associated with video billboards (those with full motion), but those studies do not
address the digital billboards of interest in the current study (with a static message that changes
instantaneously without special effects).
Traffic accident analysis techniques have improved in recent years with the creation and
maintenance of national crash databases. A careful examination of these databases shows that
distraction caused by billboards fails to show up in any of the accident databases as an accident
cause. Likewise, an examination of numerous driver distraction studies demonstrates that
billboards fail to show up as a cause of driver distraction. The overall conclusion from all past
research is that conventional billboards in general have not been shown to cause traffic accidents
or change driver behavior. However, the question of whether digital billboards change driver
behavior in some way cannot be answered by these previous studies; this is the motivation for
the current study.
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The current study was conducted in Cleveland, OH to assess the effects, if any, of digital
billboards on driver behavior and performance. The study was conducted following the model of
a previous study conducted in Charlotte, NC that showed no measurable effects of conventional
billboards on eyeglance patterns, speed maintenance, or lane keeping. Thirty-six drivers were
recruited with males and females equally represented; they were also equally divided by age
(older: 50-75, younger: 18-35). Participants drove an instrumented vehicle on their own (without
an experimenter in the vehicle) on a 50-mile loop route in the daytime along some of the
interstates and surface streets in Cleveland. Participants were not informed about the true
purpose of the experiment, and were told that the purpose was to help understand the way people
drive in a natural environment. Along the route, participants encountered the following items:
•

•
•

•

5 digital billboards (all that were available on the route). The digital billboards were the
standard bulletin size (14ft x 48 ft) and the copy changed instantaneously every eight
seconds (there were no special effects during the transition).
15 conventional billboards (similar to those studied in the Charlotte study).
12 comparison sites (similar to items you might encounter in everyday driving; comparable
to digital billboards in terms of visual activity/attractiveness, including on-premises signs
[some with digital elements], logo placards, landmark buildings, and murals).
12 baseline sites (sites with no signs).

After the drive, participants completed a questionnaire regarding which types of items and
activities they had noticed along the route. Participants were paid a nominal amount for their
participation. Twelve participants returned for a nighttime session to explore the potential
effects of the digital billboards at night.
The eight seconds leading up to the events of interest were then analyzed in terms of eyeglance
patterns, speed maintenance behavior, and lane keeping behavior. With 36 participants and 44
sites, there were 1,584 events available for analysis from approximately 63 hours of data
collection. A small amount of data was lost due to cell phone use, sensor outages, sun angle, and
vehicle stoppages, leaving 1,540 events for eyeglance analyses. Altogether, 124,740 video
frames were analyzed and 10,073 individual glances were identified. The speed data were
filtered to remove events as described above, and then further filtered to remove low speed
events, leaving 1,494 events in this dataset, with 121,014 data points. The lane position dataset
was further filtered to remove events indicating a possible lane change or lane position sensor
failure (often due to poor lane markings). After filtering, there were 1, 188 events remaining in
the lane position dataset, with 96,228 data points.
In terms of demographics, the average age was 28 years for younger drivers and 59 years for
older drivers. Most had completed high school, but few had attended college. All participants
lived in the Cleveland area, and were familiar with at least some parts of the route. For the postdrive questionnaire, 42% of drivers mentioned billboards as one of the top five items that caught
their attention (out of 18 choices). In a later open-ended question, three drivers mentioned
billboards as the single most memorable item on the trip, and two referred specifically to the
digital billboards as being memorable. By way of contrast, only 25% of drivers in the Charlotte
study checked off billboards in their top five list (of 18 choices), and none mentioned billboards
as being the most memorable aspect of the trip. Recall that drivers did not know that the purpose
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of the study was to examine performance in the presence of billboards; in fact, they did not know
that the study had anything to do with billboards.
Eyeglance results showed that there were no differences in the overall glance patterns (percent
eyes-on-road and overall number of glances) between event types (digital billboard, conventional
billboard, comparison events, and baseline events). Drivers also did not glance more frequently
in the direction of digital billboards than in the direction of other event types. However, drivers
·did take longer glances in the direction of digital billboards and comparison sites than in the
direction of conventional billboards and baseline sites. Given that three ofthe comparison sites
had digital components, the similar eyeglance findings for these two event types are not
surprising. An analysis of glances lasting longer than 1.6 seconds showed no obvious
differences in the distribution of these longer glances across event types.
There were differences in speed maintenance, with conventional billboards showing greater
variation in speed than digital billboards. However, this was thought to be the result of a road
type interaction, given that all of the digital billboards were on interstates. When only interstate
events were considered in the analysis, there were no significant differences in speed
maintenance across event types. There was a trend towards poorer lane keeping performance for
digital billboards and conventional billboards; however, this trend failed to reach significance.
A smaller exploratory study was also conducted at nighttime using a slightly shortened route.
Given that the digital signs being studied were intrinsically illuminated, this was felt to be an
important first step in determining whether there are driver performance differences in the
presence of these signs under different levels of ambient illumination. Twelve drivers were used,
again divided equally by age and gender. All of the nighttime drivers had previously driven the
route during the daytime and were thus somewhat familiar with the route (so were unlikely to get
lost or go off route). The nighttime study was exploratory in nature with fewer data points, so
these data were examined descriptively rather than analyzed statistically (due to lack of statistical
power).
Four eyeglance measures were examined for the nighttime data: eyes-on-road percent, overall
glance frequency, mean glance duration in the direction of an event, and mean number of glances
in the direction of an event. The eyes-on-road measure showed that digital billboards and
comparison events tended to have less eyes-on-road time at nighttime than either baseline events
or conventional billboards. The overall glance frequency was also higher in the presence of
digital billboards and comparison events than in the presence of baseline events and conventional
billboards. These two findings taken together show a more active glance pattern at nighttime in
the presence of these two event types. The mean glance duration for glances in the direction of
an event also showed higher values for digital billboards and comparison events. Finally, the
mean number of glances in the direction of an event also showed digital billboards and
comparison events as having higher values than either baseline events or conventional billboards.
Taken together, these four findings indicate that digital billboards and comparison events may
result in more active glance patterns overall, as well as more frequent and longer glances towards
the digital billboards and comparison events at nighttime.
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Two driving performance measures were examined for the nighttime data: standard deviation of
speed and standard deviation of lane position. The standard deviation of speed appeared to be
higher in the presence of both conventional and digital billboards than for baseline and
comparison events. Lane keeping also showed a trend towards greater lane deviations in the
presence of both digital billboards and conventional billboards.
The luminance values of many of the billboards, comparison events, and baseline events were
also measured at nighttime. The digital billboards had noticeably higher luminance values than
any of the other event types, even though their luminance was automatically reduced at night.
This probably explains some of the driver performance findings in the presence of the digital
billboards. The overall ranking of luminance by event (digital billboards were the highest,
followed in order by comparison events, conventional billboards, and baseline events) closely
mirrors the rankings of many of the performance measures for both daytime and nighttime,
including eyeglance, speed maintenance, and lane keeping.
The overall conclusion, supported by both the eyeglance results and the questionnaire results, is
that the digital billboards seem to attract more attention than the conventional billboards and
baseline sites (as shown by a greater number of spontaneous comments regarding the digital
billboards and by longer glances in the direction of the billboards). The comparison events, 25%
of which included signs with digital components, showed very similar results to the digital
billboards. Thus, there appears to be some aspect of the digital billboards and comparison events
that holds the driver's attention, once the driver has glanced that way. This is most likely the
result of the intrinsic lighting of these signs, which is noticeable even during the daytime.
Drivers may also have maintained longer glances towards the digital billboards in the hopes of
catching the next message (knowing that the message changes periodically). Although
exploratory in nature, the nighttime results were very similar to the daytime results, with
indications of degraded driving performance for digital billboards and comparison events.
These particular LED billboards were considered safety-neutral in their design and operation
from a human factors perspective: they changed only once every eight seconds, they changed
instantaneously with no special effects or video, they looked very much like conventional
billboards, and their luminance was attenuated at night. It is thus quite likely that digital signs
with video, movement, higher luminance, shorter on-message duration, longer transition times,
and special effects would also be related to differences in driver behavior and performance.
Because of the lack of crash causation data, no conclusions can be drawn regarding the ultimate
safety of digital billboards. Although there are measurable changes in driver performance in the
presence of digital billboards, in many cases these differences are on a par with those associated
with everyday driving, such as the on-premises signs located at businesses. Conventional
billboards were shown both in the current study and in the Charlotte study to be very similar to
baseline and comparison events in terms of driver behavior and performance; thus, the design of
digital billboards should be kept as similar as possible to conventional billboards.
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It was proposed that FHWA offer a short course for traffic engineers to understand the
human factors issues associated with outdoor advertising signage, to assess the existing
roadway environment for safety issues, and how to work with local businesses to improve
signage and safety at the same time. We agree that this is an excellent and timely
suggestion.
It was recommended that roadway signing and human factors (MUTCD) experts should
be collaborating with the advertising industry to promote signs and their placement with
appropriate lettering and symbol guidelines or standards that will increase readability
while minimizing distraction. In a similar vein, future research should address DBB
design criteria that will provide travelers with needed information while at the same time
minimizing driver distraction. We note that such collaboration has existed between
human factors experts and the on-premise sign industry, but we are not aware of any such
relationships in the billboard (off-premise) field.
Another reviewer proposed that TRB conduct a W ebinar on this topic in the future. This,
too, would provide an excellent forum for the dissemination ofthis, sometimes arcane,
information, in a manner that has practical applications.
Reviewer #5 proposed an interesting thought experiment that addressed the difference
between the question: "What is the statistical relationship between digital billboards and
traffic safety?" and the question: "Are accidents more, less, or equally likely to occur
near digital billboards compared to conventional billboards?" The reviewer suggests that
these two questions are not necessarily incongruent, as we stated in the report, and that
the second question is both technically correct (as is the first), and more usefol because it
addresses the safety issue in a manner closer to real-world driving; i.e. with the
recognition that conventional billboards are a given part of the landscape. While we do
not disagree with the reviewer's position, we question the underlying assumption that the
presence of conventional billboards is the accepted and acceptable norm. Most of the
research reviewed for this report studied driver distraction and other safety-related
measures with real-world or simulated conventional billboards, and many of these studies
(as have studies going back decades) identified safety concerns; the fact that control and
enforcement may be lax should not de facto make the presence of these billboards the
accepted baseline. As well, there are several States and local jurisdictions that ban all
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billboards, so this baseline is not universal, even in the US. But our greatest concern is
with the industry's efforts to raise the bar that research must be meet before, in their
view, digital billboards could be found to have adverse traffic safety impacts. The study
by Lee, et a!., discussed at length in our report, compared digital billboards, not only to
conventional billboards, but to "comparison" sites. When the research demonstrated that
driver eye movements and vehicle control issues were similar between the DBBs and
these comparison sites, the authors proclaimed the digital signs "safety neutral" because,
as they defined them, the comparison sites contained "items you might encounter in
everyday driving." But a careful reading of the report shows that these sites included
digital on-premise signs, tri-vision signs and video boards. In other words, they were
rather the same as DBBs, except that they included on-premise signs. In our opinion, this
subtle "criterion creep" is unprofessional and inappropriate.
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EXECUTIVE SUMMARY
In July 2007, the Highways Subcommittee on Traffic Operations (SCOTE) of the
Association of State Highway and Transportation Officials (AASHTO) issued a proposed
policy resolution on outdoor advertising. This document recognized that inattentive
driving was a major contributor to highway crashes, and that new technologies were
enabling the outdoor advertising industry to display more attention-getting messages that
were likely to cause drivers to be less attentive to the driving task. The document further
noted that national interest and concern about the safety implications of these advanced
outdoor advertising displays had been expressed by FHWA and TRB as well as by State
and local govemment agencies. Because the subcommittee recognized the potential
safety implications of such signs and the Jack of "substantiating evidence" for
determining appropriate guidelines for their control, SCOTE resolved to support the
undertaking of research as quickly as possible into the safety and operational effects of
these technologies and to forward its resolution to the AASHTO Standing Committee on
Highways to be considered a high priority project for consideration by the Standing
Committee on Research of the National Cooperative Highway Research Program
(NCHRP). The SCOTE resolution became a Research Problem Statement [(NCHRP 20-7
(256)], which Jed to the undertaking of this work in February 2008.
The specific objective of the study was to develop guidance for State Departments of
Transportation and other highway operating agencies with respect to the safety
implications of digital display technology being increasingly used for outdoor advertising
signs. The objective was to be achieved through the conduct of a critical literature review
of existing guidelines and research results, including, separately, research undertaken and
published by the outdoor advertising industry; an identification of the human factors
elements related to the operational characteristics of such signs; a review of the
experiences of other countries with this outdoor advertising sign technology; and the
preparation of a final, peer reviewed, report documenting the work conducted and
including recommended guidance related to the safety aspects of digital display
technology for outdoor advertising signs.
Earlier reports published by FHWA in 1980 and 2001 had extensively reviewed the
research literature in the field of outdoor advertising, and an FHWA study that ran
concurrently with this project also included a review of the more recent research
literature. The goals of the FHWA study, however, were quite different than those of the
project reported here. Whereas this study had as its objective the development of
guidelines that State and local government agencies could adopt immediately, the FHWA
study sought to identify unmet research needs with regard to the potential impact of these
signs on driver attention and distraction, and to propose a research strategy to fill these
knowledge gaps. Thus, the two studies, conducted concurrently, were complementary this one seeking to develop readily useable guidelines that could be implemented at the
State and local level based on our existing knowledge base, and the other seeking a more
comprehensive understanding of the safety implications of these signs that might lead to
guidance and/or regulation at the Federal level.
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Because the technologies used in the signs of interest in this report are relatively recent,
and because these technologies have advanced quickly in key performance characteristics
(e.g. brightness, resolution, off-axis viewing) and have become much more affordable in
recent years, research, too, has increased dramatically since the 200 I FHWA report.
Indeed, of the !50 references cited in this report, more than 20 represent original,
empirical research, conducted roughly within the past decade, that directly or indirectly
address the potential for driver distraction from outdoor advertising signs. Ironically, and
consistent with the research studies cited in the prior FHWA reports, the technology
continues to lead both policy and research, and only a small number of these studies
actually dealt with these advanced digital display technologies. Such research was,
however, sponsored by government agencies as well as industry, in the laboratory and in
the field, using controlled experimental techniques as well as statistical analysis of crash
summaries. In addition to research conducted in the US, the report reviews studies
performed in England, Scotland, Finland, Australia, Canada, South Africa, Brazil and
The Netherlands. Because of the complexity of the issue, the number of variables present
in every real-world situation, and the difficulties of statistical and methodological control
in the conduct of such research, we have attempted to make our review of the literature
critical as well as comprehensive.
Several conclusions can be drawn from the extensive literature on this topic. First, there
are strong theoretical underpinnings in the psychology of cognition, perception,
psychophysics, and human factors, to suggest why stimuli such as roadside digital
billboards can capture and hold a person's attention, even at the expense of primary task
performance. Second, it is difficult to perform a study in this domain that does not suffer,
at some level, from weaknesses that may affect the strength or generalizability of its
findings. Third, the research sponsored by the outdoor advertising industry generally
concludes that there are no adverse impacts from roadside digital billboards, even when,
in one case, the actual findings of such research indicate otherwise. Conversely, the
conclusions reached in research sponsored by government agencies, insurance
companies, and auto safety organizations, especially in those studies performed in the
past decade, regularly demonstrate that the presence of roadside advertising signs such as
digital billboards, contributes to driver distraction at levels that adversely affect safe
driving performance. Fourth, the recommendations from research, and the existence of
guidelines or regulations that stem from that research, are quite consistent, although not
fully so, both in the areas in which digital billboards are suggested for control (e.g.
brightness, message duration and message change interval, and billboard location with
regard to official traffic control devices, roadway geometry, and vehicle maneuver
requirements at interchanges, lane drops, merges and diverges), and with regard to the
specific constraints that should be placed on such signs' placement and operation. Several
countries have developed comprehensive, thoughtful policies for control of roadside
advertising, and their efforts can serve as models for State and local governments within
the US. A number of US counties and cities, too, have developed policies and regulations
for the control of digital outdoor advertising that comport with the research. In some
cases, such local regulations are forward looking, in that they address technologies, or
applications of technology, that are not yet in widespread use.
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During the course of this project, we identified several recent extensions of digital
advertising technologies that may add further to the distraction potential of these
displays. The growing use of LED technology for advertising in on-premise applications
is of concern because such signs may be larger than traditional billboards, closer to the
right-of-way and to roadway sections with high task demands, and may include
animation and full motion video. At least one State is considering the use of its official
changeable message sign network for the display of digital advertising. And an unknown
number of private or toll-road operators are also contemplating the sale of advertising
within their rights-of-way. In addition, we are seeing the deployment of LED displays,
often featuring video, on vehicles moving in the traffic stream. Vehicles as diverse as
small trucks and vans, public transit buses, and large, over-the-road trailers, are now
being outfitted with LED advertising, and the potential for driver distraction grows with
each such installation. Our review suggests that, with few exceptions, government
agencies have no regulations or guidelines in place to address these new uses. The newest
digital billboards are also increasingly capable of"interacting" with approaching drivers.
In some cases, the Radio Frequency Identification Device (RFID) embedded in a
vehicle's key or on-board computer system, can trigger a personalized message on a
digital billboard; in other cases, the billboard can display a message tailored to the radio
frequency of passing vehicles. Still other billboards encourage drivers to interact with the
sign bytexting a message or calling a number displayed on the billboard. A patent that
incorporates cameras mounted to billboards, together with eye-movement recording
devices, claims to be able to capture images of drivers, and their eye movements, as they
approach the billboard. Our review has not identified any government agencies, in the US
or abroad, that have addressed these new technologies or their applications.
The report consists of ten parts. After an introduction and background presentation in
Section 1, the literature in the field is comprehensively and critically reviewed. General
research is discussed in Section 2, and research sponsored by the outdoor advertising
industry is presented in Section 3. The key human factors issues that inform the potential
response of drivers to digital roadside billboards are summarized in Section 4. Section 5
of the report reviews a representative sample of guidelines and regulations that currently
exist in a number of foreign countries as well as in several jurisdictions within the US.
This is followed by a series of recommendations for potential regulations and guidance in
Section 6. These recommendations are those that (a) have worked elsewhere, and (b) are
based on sound research or science, and therefore might have practical applications for
those jurisdictions seeking guidance to inform their own decision-making. Section 7
addresses issues of digital advertising on-premise and on right-of-way. Section 8
discusses some ofthe newest roadway-related applications of computer-controlled LED
advertising that have begun to appear on and adjacent to public roads in the US and
abroad, and for which little policy has yet been considered. Section 9 summarizes the
report's conclusions, and Section 10 presents the list of references cited in the body of the
report.
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SECTION 1.
INTRODUCTION AND BACKGROUND
Nearly 30 years ago, the Federal Highway Administration (FHWA) published the
first comprehensive review of the literature on the safety impacts of electronic billboards.
FHWA, through the Highway Beautification Act, had, and still has, the authority to
regulate off- premise advertising signs (billboards) adjacent to Federal Aid Highways,
and these regulations prohibited, in part, any signs that utilized "flashing, intermittent, or
moving lights" (Wachtel and Netherton, 1980, p. 16-17). In the late 1970s, the sign
display technology in common use permitted little more than digitally displayed time and
temperature information, although some signs could display several lines of text and
crude, cartoon-like graphic images. Even then it was possible to change the displayed
sign messages simply and quickly in real time, and it was possible for these signs to
display a number of different visual effects, such as fade, dissolve, flash, and others. The
billboard industry took the position that signs using this technology did not present any of
the visual characteristics prohibited in the FHWA regulations, and, therefore, should be
permitted under the existing regulations. Because the manufacturers of such signs and
their potential users saw a bright future for this technology, and because of FHWA's
concern about their potential to distract drivers, the industry presented its case to the U.S.
Congress. As a result, the FHWA Office of Research was asked by the agency's Office of
Right-of-Way to investigate what was known about such signage when used for roadside
advertising, in anticipation of a possible update to the agency's regulations. The product
of this effort was a comprehensive and critical review of all available literature in the
field, some dating back 30 years or more. Wachtel and Netherton termed these new signs
"commercial electronic variable message signs," or "CEVMS." Because this technology
was so new, the authors found little research that had been done with such signs, and
therefore had to rely on research that had been conducted with traditional, fixed,
billboards. As a result, although they were able to identify specific safety issues and
concerns raised by CEVMS, especially when combined with their review of accepted
psychological principles of attention, the authors suggested that additional research was
needed, and recommended a specific program to accomplish this. Unfortunately, the
proposed research was not pursued.
In 200 I, with outdoor advertising signs using newer, more powerful technologies, and
capable of much higher fidelity displays with higher luminance levels and immediate
wireless display and message updates transmitted remotely, FHWA undertook a followon project to bring its understanding of the state-of-the-art and -practice up to date, and
to again propose a direction for research. Although this study did not undertake a critical
review of the literature, it brought to bear recent research and psychological constructs on
inattention and distraction. The product of that work (Farbry, eta!., 2001), in conjunction
with the earlier document, became the basis for a preliminary, scoping, research study by
FHWA (Molino, eta!., 2009), and a follow-on research study that was recently initiated.
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The 1980 project reported that several of the identified research studies had identified a
relationship (correlation) between the presence of billboards and crashes, whereas several
other cited studies found no such relationship. Wachtel and Netherton, with the assistance
of an FHWA statistician who reanalyzed the data reported in a number of these early
research studies (Weiner, 1979) concluded that those research studies that had been more
rigorously designed, controlled, conducted, and analyzed, seemed to suggest that a
relationship between roadside billboards and traffic safety was present, and that safety
was adversely affected by such billboards. The findings pointed to an adverse effect when
billboards were bright, close to the roadway, and visible to approaching drivers for
considerable distances; and when they were located near intersections, interchanges, or
horizontal curves. Further, when the driver's task demands were elevated, as might be the
case in heavy traffic, adverse weather, or with challenging traffic movements (lane drops,
merges, etc.), the more robust research seemed to show the potential for adverse safety
impacts from roadside billboards.
During the 20 year gap between the publication of the first two FHWA studies, as well as
more recently, a number of other researchers have reviewed the same early studies (along
with more recent studies that have since become available), and reached essentially the
same conclusions. (See, for example, Bergeron [1996a], Wallace [2003]). In fact, only
one researcher (Andreassen, 1984) is known to have reviewed this literature and reached
the conclusion that there is no linkage between roadside billboards and traffic safety, and
his colleagues at the Australian Road Research Board (now ARRB Transport Research)
(Caimey and Gunatil!ake, 2000) have expressed strong disagreements with his
conclusions.
The latest LED technology enables roadside billboards (and on-premise signs using the
same technology), to (a) present images, symbols and characters that are extremely bright
(such that they can be easily viewed in full sunlight), (b) with visual fidelity on a par with
broadcast video, (c) on displays that can be changed instantly and kept on the screen for
as long (or short) as desired, and (d) on signs that can be much larger than traditionall4
ft. by 48 ft. billboards. 1 As a result, the question has again arisen as to whether and how
these signs should be regulated in the US. Presently, the States are asking FHWA for
guidance. While it proceeds with its current research project FHWA has issued interim
guidance that addresses characteristics of CEVMS including: message duration, transition
time, brightness, spacing, and allowable locations (Shepherd, 2007). Unfortunately, these
guidelines are based on little sound empirical data, and, in several cases, are so subjective
as to be open to multiple interpretations.
As suggested above, the potential impact from these latest technologies goes far beyond a
simple replacement of traditional, static billboards. On-premise advertising signs,
traditionally given much more freedom by FHWA and local authorities, are increasingly
using the same LED technology now appearing on billboards. Shopping centers, auto
malls, and many other local businesses are finding that such signs are affordable, and that
the display capabilities they offer are unprecedented in their attention-getting power. In
1

One on-premise sign in New York City measures 90ft. by 65ft. and is mounted 165 feet above grade
where it is visible for two miles from the adjacent Interstate highway (Business Wire, 2002).
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addition, these technologies are now beginning to appear on moving vehicles, and some
LED billboards can tailor a "personalized" message to approaching traffic by "reading"
the digital signal produced by in-vehicle entertainment systems, RFID keys, and other
devices. Our research suggests that such alternative, increasingly powerful and
compelling uses of the newest technologies for outdoor advertising to the traveling public
will continue to evolve at a rapid pace, and that regulators must be prepared to deal with
these developments. This paper, however, is limited to a discussion of traditional
billboards along the roadside, albeit those with the latest technological capabilities.
Although some such signs use scrolling characters across a screen, and others use rotating
panels (called Tri-Vision or Roller-Bar signs), it is the LED technology that has the
greatest potential for capturing attention, and therefore, distracting the driver. Whether
such signs are called digital billboards (DBBs), electronic billboards (EBBs) or CEVMS,
they refer to the same types of signs.
Because of the pressures being put on State and local Governments to issue permits for
DBBs, and because of the threat of litigation should such permits be denied or revoked,
the States have asked for an update about the state of knowledge that results from the
latest research. In addition, the States would like to know what guidelines and/or
regulations exist in other jurisdictions with regard to DBBs, and have asked for
recommendations for appropriate, realistic, data driven guidelines that they might
consider adopting for their own streets and highways, and pending updated guidance
fromFHWA.
The present report, therefore, represents a comprehensive, critical review of the most
recent research literature in this field. To a large extent, the research discussed herein has
been conducted since the most recent (200 I) FHWA report was published. Several earlier
studies are discussed, however, either because they were not captured in the two FHWA
reports, or because their methods and findings are directly relevant to the questions now
being asked. A number of these studies have not been widely reported or are controlled,
internal documents. We are grateful to their authors for making them available to us.
After the critical literature review in Section 2, subsequent sections of this report address:
research performed on behalf of the outdoor advertising industry, human factors
considerations relevant to driver response to these technologies, guidelines and
regulations in place or under consideration in other jurisdictions, recommendations for
guidance that States and local governments might adopt in the near term, and new
technologies and applications for outdoor advertising. After a brief summary, the final
report section identifies the references cited in this study.
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SECTION 2.
REVIEW OF THE LITERATURE.
The review and critique of the studies below are presented in chronological order.
As requested in the Research Problem Statement that led to this study, research
undertaken and published by the outdoor advertising industry is treated separately. These
studies are discussed in Section 3, Industry Sponsored Research.

Perception Research Services, 1983.
This paper is discussed in Section 3, "Industry Sponsored Research."

Cole and Hughes, 1984
The authors conducted a series of experiments in which 50 participants drove a
vehicle along a predetermined route in Melbourne, Australia. Prior to the data collection,
·the authors placed a series of35 disc targets along the route. These discs were of three
different sizes and three different reflectances. They were positioned where typical traffic
signs would be likely to occur. The participants were divided into two different groups at
random; each group was given slightly different instructions. Group A received
instructions oriented toward attention conspicuity, whereas Group B received instructions
oriented toward search conspicuity2 Results showed that the hit rate, the frequency with
which the disc targets were reported, was three times higher in Group B than in Group A,
demonstrating the benefits of directed search. It was also found, however, that directed
search produced its greatest benefits when the targets had low attention conspicuity, and
showed the least gains for targets with high attention conspicuity. Although early efforts
to defme conspicuity tended to consider it to be strictly a quality of the object, more
recent work, such as this study, have demonstrated that conspicuity cannot be measured
independently of the observer's state of attention.
Several other findings from this study are relevant to our present project. The first is that
the angle of eccentricity of the object to the viewer's line of sight is an important factor in
its conspicuity; more so than the object's size or reflectivity. Second, the authors found
that the visual environment in which the target was located was an important contributor
to its conspicuity. They suggest a thought experiment to demonstrate that the
predominant location factor that affects conspicuity is visual clutter. In the case of
attention conspicuity, for an object in the periphery of the visual field to command
attention, it will first provide a stimulus to the eye that is strong enough to arouse the
viewer's attention and generate an eye movement toward the object to move the object
into central (or foveal) vision, where it is fixated. This action, which the authors describe
2

Cole and Hughes define attention conspicuity as the capacity of an object to attract attention when the
object is unexpected; and search conspicuity as the property of an object that enables it to be quickly and
reliably located by search.
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as a quasi-reflex(ive) response, is known as an optically elicited eye movement. The
authors argue that visual clutter adversely affects both search and attention conspicuity
equally, because the clutter causes a loss of prominence of the target object, thereby
reducing both the attention-getting quality of the object and its accessibility to visual
search.
What is the relevance of these findings to our present concern with DBBs? First, since
billboards are most likely identified through the process of attentional rather than search
conspicuity, it suggests that it is this semi-reflexive behavior of the optically elicited eye
movement that first brings a billboard into a driver's visual attention, and that the owner
of a billboard would prefer to locate it in an area that is otherwise low in visual clutter.
Second, it suggests that billboard designers are likely to design their messages in such a
way as to make them as conspicuous as possible, both to stand out from their competitors
and to successfully trigger this reflexive eye movement to move the image or message on
the billboard into a driver's foveal vision. Third, it is understood that billboards are, by
definition, contributors to visual clutter in the driving environment, and, as such, they are
likely to contribute to a degradation of search conspicuity of official traffic signs, signals
and markings, as well as other traffic, obstacles, and hazards, which become conspicuous
to drivers as a result of such directed search. Finally, the reported finding that the degree
of eccentricity of an object to the driver's line of sight is an important contributor to its
conspicuity lead Cole and Hughes to suggest that: "in order to achieve conspicuity, the
designer is better advised to locate the target where it will have a small eccentricity to the
observer's line of sight.. .. " Small angles of eccentricity are afforded by minimizing
lateral offset and by ensuring a long observation distance" (p. 31 0). An understanding of
this concept may contribute, along with other factors, to the desire of the billboard owner
to locate such signs as close to the road edge as possible, and along horizontal curves and
tangent sections that afford potentially longer sight distances for approaching drivers.

Young, E. 1984.
This paper is reviewed in Section 3, "Industry Sponsored Research."

Pottier, A. 1988.
The impetus for this research study was a series of findings from three prior
studies that demonstrated that the conspicuity of road signs depends on the visual
environment in which they are located. Pottier notes that road signs are frequently located
in settings that make them less conspicuous due to extraneous elements that she calls
"static visual noise." She defines visual noise as "constant background noise derived
from a multitude of cues, interfering with or preventing the driver from processing the
information from the cue significant to him" (p. 581). She considers "billboard
advertisements" to be a type of visual noise.
Pottier evaluated the abilities of twelve participants to detect the shape and location of a
number of official traffic signs, as quickly as possible, under four different test
conditions. These conditions included: (a) a simple or complex visual environment; (b)
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different shapes (three) and sizes (three) of the signs; (c) different degrees (three) of
eccentricity from the central point of fixation; and (d) different time periods (three) in
which the signs were visible. Eye movements were recorded as well. Some of the
findings of this study were as expected- specifically, that longer observation time
improves detection performance, larger signs are more easily detected than smaller ones,
and certain shapes (circle and triangle) are more easily detected than others (rectangle).
For our present purposes, the most relevant findings were related to the visual angle from
which road signs were most easily detected. Pottier found that, when there was no visual
noise in the (simulated) environment, the optimal detection zone was located between
zero and ten degrees (0°- 10°) from the participant's central point of fixation; however, in
the presence of visual noise, this optimal detection zone shrunk to zero to four degrees (0°
- 4°) from the fixation point, regardless of the time available for observation. A related
finding was that, when a road sign is "superimposed" on a component of visual noise,
"the latter prevents the former from being detected" (p. 582), and the greater the distance
between the visual noise and the highway sign, the greater the conspicuity of the sign.
The author's conclusion is that "visual noise reduces the functional field inducing a kind
of 'tunnel vision' for the driver" (p. 582). Pottier's work foreshadows more recent
research in visual clutter (see, for example, Edquist, 2009) which demonstrates that
relevant targets (such as official traffic control devices) take longer to find, and that
responses to such signs are more error-prone, when visual clutter is high.

Transportation Environment Consultants {TEC), 1989
This "Review of Roadside Advertising Signs" was prepared for the Roads and
Traffic Authority (RTA) of New South Wales, Australia. At the time this project was
begun, the RTA did not "encourage" advertising signs within the "road reserve" of
"classified roads." The Authority had been repeatedly approached by the advertising
industry, which submitted proposals for "well designed modern technology advertising
sign displays" on road reserve locations and buildings on property owned by the
Authority. Because of the potential for such signs to generate revenue for RTA programs,
TEC was engaged to investigate the appropriateness of the RTA allowing or supporting
such signs in the future. A multi-part study was undertaken, which addressed many
aspects of outdoor advertising, including environmental design, aesthetics, town
planning, tourism, revenue potential, marketing of road safety promotions, and others.
This review will address only the safety and human factors aspects of the project.
The authors briefly reviewed nine studies that dealt with the safety aspects of outdoor
advertising signs, and quoted extensively from the early FHWA report on this subject
(Wachtel and Netherton, 1980). In addition, they conducted interviews with members of
the outdoor advertising industry and experts from the Australian Road Research Board
(ARRB).
Their conclusions from these activities include the following:
Research confirms the limited processor capacity of a driver.
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It is important that management of stimuli to the driver, both inherent to the
primary task of driving and external to it (distraction) must clearly aim not to
exceed the optimum rate for safe and efficient driver performance.
When these external stimuli fall significantly below optimum, driver
performance may decrease (boredom), and additional external stimuli could
benefit driver response.
Additional attentionalloading by advertising signs may impair driving
performance when high levels of attention and decision making are required.
Advertisements not associated with navigational and services information
needs can, subject to relevant safety controls, be permitted at roadside
locations where the driving task does not heavily load the attentional capacity
of the driver.
Interestingly, they reported from their interview with a Dr. S. Jenkins of the ARRB, his
recommendation that "changeable message signs could be used in roadside
advertisements providing each message is 'static for about 5 minutes' (Le. the message
on-time) and the changeover period between messages 'does not exceed about 2
seconds"' (p. 39).
In a later chapter of the report, the authors provide a series of "definitions and
technology" (p. 49) to describe the different types of advertising signs that might be
considered, and how they might be used. In a section on "internally illuminated signs" the
authors provide a table showing what they consider to be the maximum luminance levels
of advertising signs of different sizes which may be located in different driving
environments. These data are based on recommendations from the Public Lighting
Engineers in the U.K. With regard to "electronic variable-message signs" the authors
devote several pages to defining terminology and identifying "factors" that should be
taken into account when considering their impact (pp. 56-60). This discussion is taken
directly from the Wachtel and Netherton (1980) report (pp. 68-74), and need not be
repeated here.

Brown, 1989
After a brief but useful review of the relevant literature, Brown describes the
purpose of his study as: "to assess the momentary distractive effects of electronic
billboards on driving performance" (p.3). He used a laboratory setting in which the
driving task was represented by a tracking task in which the participant had to move a
joystick to track a target spot which moved in pseudorandom fashion within a constrained
area on the screen. This task was superimposed on a continuous video image of a moving
road scene. The distracters were a series of white on black "advertising signs" presented
in the lower left area of the screen, overlapping the road and shoulder, and directly
adjacent to the screen area used for the tracking task. Sixty different signs were each
displayed for two seconds, at a rate of one sign every six seconds. Three different
experiments were conducted under the same basic conditions, in which a secondary task
(response to a red signal) was present or absent, and in which the advertising signs
appeared in a fixed position or were "scrolled" onto the screen. The author found no
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effect of the presence of the advertising sign alone on tracking performance, but did
observe a negative effect on performance when a secondary task was required.
In discussing possible reasons why the advertising signs alone did not distract the drivers
and impair their performance, Brown suggests that, as demonstrated in prior research
(Gasson and Peters, 1965), concentration on a central task can lead to an effective
reduction in the size of the visual field. In other words, because the principal tracking
task in this study required a higher level of concentration than that of a normal driving
situation, it might have led to a reduction in the participants' awareness ofthe images
presented in their peripheral vision (i.e. the simulated digital billboard), leading to a
failure to notice them. This postulation is similar to the recent findings of Chan et al.
(2008), where the authors reported that objects that are not fixated or attended to receive
little cognitive processing, and that reduced attention to such objects impairs the speed of
identification.
Although this argument can be used to explain why, when a driver concentrates on the
driving task by attending to the forward roadway view, he or she may not be distracted by
a billboard, the reverse may also be true. That is, a highly attention getting billboard, or
one conveying a message of high salience to a driver, may assume a degree of primacy
for that driver such that the billboard, and not the road and traffic ahead, becomes the
central focus. With a driver now attending to a visual object in the periphery, the forward
view may temporarily assume the periphery position, and attention to it may be delayed.
There were a number of limitations to this study, several of which are identified by the
author. One stated weakness was that the motion in the video scene and sign presentation
was not linked to the tracking task, and thus could be ignored by participants.
Additionally, we have concerns that the appearance of the "electronic billboards" which
were represented in the simulation by simple white on black text presentations is quite
different than the bright, dynamic properties inherent in real-world DBBs. Also, the
distracter signs were located in the participants' field of view directly adjacent to the
target tracking task and at the road edge, thus not requiring the driver to look away in
order to observe these signs. The fact that the study participants could visually observe
the billboards and the forward view simultaneously could account for the negative
findings.

Rahimi, Briggs, and Thorn, 1990
These authors were concerned primarily with the over involvement of
motorcycles ·in fatal crashes with automobiles, and with the results of prior research
showing that the predominant cause of such crashes was the car driver's violation of the
motorcycle's right-of-way. Further, one driving situation accounts for the majority of
such crashes; that is, where the car driver executes a left tum directly across the path of
an oncoming motorcyclist. In many of these cases, the car driver claims not to have seen
the motorcycle. The authors wanted to investigate the hypothesis that left turns at "busy"
intersections would heighten the likelihood of such crashes compared to left turns at
"quiet" intersections. In addition, they wanted to test the viability of a new eye/head
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movement data collection system that they had developed. A full explanation of this data
recording and analysis system is beyond the scope of the present paper. In brief, however,
their approach involves the simultaneous recording and time synchronization of drivers'
head and eye movements with the visual scene presented to the driver, which is recorded
with a separate camera. In the laboratory, the eye/head movement recordings are
embedded into the scene video, enabling the researchers to know with precision the
driver's head and eye position throughout the drive. Because this was a pilot study, only
one test subject was used, and this male, 33 year old driver with 20/20 vision drove a
vehicle through a sequence of 40 left turns, alternating between previously selected quiet
and busy intersections. The principal differences between the two intersections were in
the number of dynamic and static distracters. The pattern of head and eye movements
differed significantly at the two intersections. At all 20 trials at the busy intersection,
head movements were identified as "straight ahead toward left (SATL)" and at 17 of the
20 quiet intersections, head movements were categorized as "left-right-left (LRL)."
Although the driver's head position remained consistent across intersection types, eye
movement frequency at the busy intersection was nearly twice as high (significant at the
.004 level) as at the quiet intersection. The authors conclude that the two different types
of intersections place different constraints on driver behavior. At the quiet intersection,
the environment is searched systematically with a combination of head and eye
movements. At the busy intersection, however, a stationary head position occurs with
frequent and rapid eye movement activity to identifY targets and distracters. Their
analysis indicated that "the busy intersection contains potential for infonnation overload"
(p. 273), and they imply, although do not state, that "busy" intersections, such as those
with environmental targets and distracters, may contribute to a greater percentage of
automobile-motorcycle intersection crashes due to driver distraction than "quiet"
intersections. Although we can't fault the study methods used since this was a pilot study
to test a new data recording system, the findings, based as they are on only one
participant, should not be generalized beyond the immediate circumstances of this study.
Nonetheless, conclusions that demonstrate a correlation between numerous distracters at
intersections and poorer driver performance have been shown in several other studies
(see, for example, Holahan, eta!., 1979).

Wisconsin Department of Transportation District 2, Freeway
Operations Unit (1994).
This study tabulated and analyzed crash rates for eastbound and westbound
segments of I-94 in the vicinity of County Stadium (since demolished) near Milwaukee,
Wisconsin. An electronic billboard began operation on Aprill3, 1984 .. Crash rate data
was collected for approximately three years prior to sign operation (from l/l/81) until
three years after operation began (12/3!187). Effects were broken down by type of crash
(side-swipe, rear-end). Data were analyzed for the one year after the sign became
operational, to analyze any novelty effect, as well as for the three year periods before and
after the sign became operational. Crash rate was calculated as number of crashes per
million vehicle miles of travel (VMT).
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The sign is described as a variable message sign that changed images on average 12
frames per minute. This suggests that each image was displayed on the sign for five
seconds. No information is provided as to the sign's display technology, brightness, or
method of change. It is not known, for example, whether message changes occurred
instantly, or whether some visual special effects, such as wipe, dissolve, etc., were
employed. Neither the size of the sign nor its height above grade is specified. The sign is
obviously two-sided since it is visible to both eastbound and westbound traffic. It is
located adjacent to the westbound traffic lanes.
The study used the crash rate in the three years prior to the sign's operational date as the
baseline. Findings showed that for eastbound traffic, total crashes increased by 43% in
the first year, and 36% over the three year post-operational period when compared to the
baseline condition. In the same periods, side-swipe crashes increased 80% and 8%, and
rear-end crashes increased 60% and 21%. For westbound traffic, total crashes decreased
by 12% in the first year, but increased by 21% over the three year post-operational
period. Sideswipe crashes increased 123% in the first year, and 35% over the three year
interval, whereas rear-end crashes decreased 29% in the first year, and then increased by
35% over three years.
The author posits two reasons why westbound crashes were generally lower than those
for eastbound motorists. First he describes a merge area for westbound drivers caused by
northbound and southbound traffic on US-41 merging onto westbound I-94, and states
that the roadway configuration causes this traffic to slow as it enters the area, thus
reducing congestion through what he describes as "metering." Second, the author
indicates that the sign was more readable to eastbound than to westbound traffic.
The author concludes that "it is obvious that the variable message sign has had an effect
on traffic, most notably in the increase of the side-swipe rate," and suggests that "it may
be beneficial to introduce traffic responsible variable message signs into the area. Signs
could function at rates proportional to traffic flow and density in the viewing area."
This study has the strengths of a typical crash rate analysis. Although it carmot address
questions of crash causation, the study can be used to determine that there were
correlations between the operation of the advertising sign and the increase in crash rates
in areas where the sign was visible.
Apparently five types of crashes were coded from the accident reports: rear-end,
sideswipe, fixed object, other, and unknown. The report reviews only the data for the first
two crash types, and this is appropriate. Both side-swipe and rear-end crashes are
indicative of driver inattention or distraction, although this roadway section includes a
complex interchange where merges and lane changes are likely. Poor signage and
markings, difficult geometry, lane drops and other roadway characteristics could have
been present (these roadway and traffic characteristics are not described) which might
suggest elevated crash rates of these types.
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When the goal is to determine whether a particular object or feature (in this case an
electronic changeable message sign) caused crashes to occur, or caused the overall crash
rate to increase, a study that is limited to an analysis of crash rates cannot answer this
question. This is because the study is limited to post-hoc statistical tabulations. The study
does not address, and clearly did not control for, the possibility that other changes took
place in the roadway section studied in addition to the operation of the billboard. For
example, changes to speed limits, police enforcement activities, reporting methods, use
patterns, construction, development adjacent to the roadway, and many other factors,
might have been present, and might have contributed to changes in crash rates. There was
apparently no attempt made to identify whether any such factors may have occurred
during the study period. In addition, the study apparently did not utilize a control section
of roadway that might have overcome some of these potential weaknesses. Had the
authors chosen a similar section ofi-94 in the same general vicinity as the study section,
but in which no advertising sign was introduced, they might have been able to compare
before-and-after crash rates for the same period, but without the presence of the sign.
This would have strengthened their ability to demonstrate that it was the presence of the
sign, rather than some other factor, that related to the elevated crash rates.
The author states that the study areas included "all places where the variable message
sign can be viewed by a motorist. ..." Since the precise billboard location is not identified
on the site maps included with the report, it is not possible to determine whether all
crashes occurred at locations where drivers would have had a clear view of the billboard
prior to the crash.
Although the study evaluated crash rates before and after the introduction of an electronic
variable message billboard with a message change interval of approximately every five
seconds, no additional information is provided to enable the reviewer to determine the
type of sign, the display technology, or the operational characteristics. As stated above,
although crash rate data can supply valuable information relative to overall traffic safety
in an area, it is not possible to identify a cause and effect relationship without far greater
control of other, possibly relevant, variables- something that is quite difficnlt to do in a
real world environment and with a post-hoc analysis of police accident reports.

Akagi, Seo, Motoda, 1996
These authors believe that, because of a combination of limited land, intense land
use, and weak regulations, billboards are more prevalent along roadsides in Japan than
they are in Europe and the U.S. They set out to study whether official road signs are more
difficult to recognize when they are "hidden" among commercial signs and other roadside
clutter such as buildings, utility poles, etc. To perform their analysis, they developed a
visual noise ratio, defined as the ratio of the area of noise in a visual environment to a
driver's field of view. They determined field of view from prevailing driving speed, e.g.
75° at 65 km!h, the speed limit on the road they studied. Their target sign was a typical
national highway route marker, and they instructed their nine subjects (5 male, 4 female,
and age range 21-66) merely to report as soon as they were able to confirm the route
number. Eye movements were recorded from a point 400 meters upstream of each of six
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signs that appeared along the route, within predefined sections. The visual noise ratio was
measured at intervals of 20 m throughout each section. The authors found a statistically
significant decrease in the detection distance of the sign as the visual noise level
increased along the 400m approach to that sign. They further found that older drivers
were significantly more adversely affected by the visual noise, and that males were more
adversely affected than females. The authors conclude that visual noise along highways
can be dangerous because it reduces the detection distance of important roadside
information. While this study provides a unique approach to assessing the impact on
driver performance of roadside distracters, and visual clutter, it suffers from several
limitations. First, the number of subjects was quite small, and the distinction between
older drivers and others is not defined. (There were only two subjects above the age of
60, for example). The definition of visual noise was somewhat vague, and the
methodology used for measuring eye glances was unclear. Nonetheless, this is a novel,
real-world approach to measuring the impact of roadside visual clutter, with a dependent
measure (identifying the route number as early as possible) that is natural and reasonable.

Bergeron,J. 1996a
Bergeron undertook this study at the request of the Government of Quebec, which
was considering whether to grant a permit for an electronic advertising sign adjacent to
an expressway in Montreal. This project was not a research study; rather it reviewed the
published literature in the field and applied the author's understanding of accepted
theories and principles of psychology to address issues of driver visual perception and
attention, and their role in traffic safety.
The majority of the studies reported on were those previously reviewed by Wachtel and
Netherton (1980), and many of Bergeron's statements and conclusions parallel those of
the earlier study. However, Bergeron (reporting 16 years after the Wachtel and Netherton
study was published) also cites a small number of newer studies, and includes reviews of
one study published in France that was not included in the earlier report. Further,
Bergeron discusses some of the published literature in the field of driver performance in
general, and with regard to official highway signs and other traffic control devices, and
he applies the understanding gleaned from these studies to his interpretations about the
role of advertising signs. The author reexamines the applicability to this issue of some of
the key theories of attention and perception as previously discussed by Wachtel and
Netherton, and expands upon this discussion. In addition, he cites the work of Wickens
and others, and explains clearly the applicability of these theoretical constructs to issues
of driver attention and distraction.
Although the report title suggests that the focus is on advertising signs in general, the
principal interest is electronic signs, which Bergeron calls variable message signs, or
VMS.
Bergeron's findings largely reflect those of other psychologists, cognitive scientists and
traffic engineers who have addressed these issues. His primary conclusions are:
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- Attentional resources needed for the driving task are diverted by the irrelevant
information presented on advertising signs. This is an impact attributable to the
"nature of the information" that is conveyed on such signs. This distraction leads
to degradation in oculomotor performance that adversely affects reaction time and
vehicle control capability.
- When the driving task imposes substantial attentional demands such as might
occur on a heavily traveled, high speed urban freeway, billboards can create an
attentional overload that can have an impact on micro- and macro-performance
requirements of the driving task. In other words, the impact of the distraction
varies according to the complexity of the driving task. The greater the driving task
demands, the more obvious are the adverse effects of the distraction on driving
performance.
- The difficulty of the driving task can vary in several ways. Those that relate to
the physical environment (e.g. weather, roadway geometry, road conditions) are
unavoidable, and drivers must adjust to them (unless they take an alternate route
or wait for better conditions). Necessary sensory information adds to the workload
of the driving task, but is, of course, needed to perform safely. In addition, road
signs and signals that communicate complex but necessary information contribute
to the overall workload of driving. In this case, however, years of study have been
directed toward making this information as clear and as easily accessible as
possible.
- To some extent, the level of mental workload that impacts driving occurs at a
pre-processing level. Bergeron cites, as an example, a complex or cluttered visual
environment. In this case, the attentional effort that drivers expend in searching
for target objects (e.g. signs and signals) will be more laborious, demand more
resources, and lead to declines in performance levels.
-The presence of a billboard increases the confusion of the visual (back)ground
and may lead to conflict with road signs and signals.
- Situational factors that are likely to create a heavy mental workload include:
complex geometry, heavy traffic, high speeds, areas of merging and diverging
traffic, areas with road signs where drivers must make decisions, roadways in
poor repair, areas of reduced visibility, and adverse weather conditions.
- The very characteristics of billboards that their designers employ to enable them
to draw attention are those that have the greatest impact on what Bergeron calls
attentional diversion.
-Drivers must constantly carry out the work of recognizing stimuli that may not
be immediately meaningful to them. This task requires time and mental resources,
both of which are in limited supply.
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- Attention directs perception, and vice versa. In other words, when we are
looking for something, our sensory system places itself at the service of our
attention. But it is also possible for a sensation to attract the attention of drivers
because it may represent something that is of potential importance. For example,
authorities put flashing lights on emergency vehicles because they want drivers to
attend to them.
At some levels, this paper seems simply to restate many of the points already raised in
other review articles on this topic. But Bergeron goes to greater lengths than several other
authors to apply the theoretical underpinnings of attention, sensation, perception, and
distraction, to the conclusions, however flawed, of many of the statistical, on-road, or
laboratory studies undertaken over the past 50 years on the impacts on traffic safety of
roadside advertising. These analyses are useful and appropriate, and provide a fuller
picture of the concerns with traffic safety from the roadside use ofDBBs than other
studies. On the other hand, his writing suggests a clear bias against roadside advertising,
and it appears that his dismissal of certain studies and his complementary reviews of
others are affected by this bias. One minor concern is that he sometimes shifts his focus
from billboards to official VMSs without affording the reader a clear understanding of
this shift, thus leading to some confusion in interpretation. Bergeron provides no
photographs or detailed descriptions of the types ofDBBs that he studied. Thus, we do
not know how similar the signs that he addresses are to those that are of principal interest
in the present report. At one point, he describes VMSs as: "attractive, colourful, dynamic,
sequential, and (able) to meet the needs of several merchants at the same time" (p.l9).
Clearly, these sign characteristics seem to fit those of digital billboards, but further
comparisons are not possible. Despite these shortcomings, this thought paper is a useful
contribution to our knowledge in this field.

Bergeron, 1996b
Whereas the Bergeron paper discussed above (1996a) is a thought paper that
applies relevant psychological theories and concepts to the findings of research about the
relationship of outdoor advertising to road safety, this paper reports on the author's
analysis of two DBBs proposed for a specific location in Montreal, Quebec, Canada.
After a first-hand review of the site, the adjacent expressway, and architectural and
engineering drawings for the proposed signs, Bergeron recommends that permits not be
issued. He describes the site as possessing many of the characteristics that he, and others,
have suggested would be inadvisable for the placement of billboard:
... complex geometry of the road environment, heavy traffic, high speed of traffic,
merging and diverging traffic, areas with road signs and signals where vehicle
operators are required to make decisions. Given these situational factors, we must
avoid creating confusion in the visual field. In these conditions, road signs and
signals must be clear and the nature of the information communicated must only
serve to assist drivers in their task of driving. In like conditions, outdoor
advertising signs can represent a threat to the safety of road users.
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Bergeron suggests that billboards at this location can have adverse impacts on driving
safety from several standpoints.
-At a perceptual level, they can make the response to official traffic control
devices more difficult by adding to visual complexity.
- At an attentionalleve!, they can lead to driver distraction; in a road situation
such as that present at this site, the level of mental loading is already substantial,
and the billboards would generate an unnecessary demand on a driver's limited
attentional resources.
-The billboards could add to the drivers' mental workload, which, in tum, can
lead to declines in selective, shared, and sustained attention, decision-making, and
motor activities.
- Drivers who are unfamiliar with this location may have the added burden of time
sensitive decisions that may be necessary to move into the appropriate lane for
exiting or merging.
- Because this expressway section is elevated, the demands on the driver are
further increased because there is little or no space to pull over in the event of
mechanical or other failure, and because bridge structures are known to contribute
to feelings of insecurity among drivers.

Schieber and Goodspeed IV, 1997
This study addressed the nighttime conspicuity (i.e. detection) of official highway
signs under two different conditions of sign brightness. Although concerned only with
official, not commercial, signage, there are valuable points made by these authors that are
relevant to the discussion ofDBBs. Using a specialized, in-house apparatus that was
capable of reproducing most of the dynamic range of roadside environment visual
stimulus luminance values, the authors compared "bright" and "ultrabright" signs under
three different conditions of environmental (background) complexity: low
(representative of a 2-lane rural highway); moderate (depicting a typical commercial
street in a small city); and high (simulating a downtown street in an urban area with many
businesses and illuminated commercial signs). The principal hypotheses were confirmed.
That is, although enhanced sign brightness offered no advantage either for response time
or accuracy in the low complexity background, it was significantly better than the lower
brightness sign in both categories under moderate or high complexity environments. The
results also confirmed that older drivers may be more susceptible to the interfering effects
of higher levels of background complexity when they are looking for information on
highway signs. The results suggest two concerns about DBBs. First, these signs tend to
be located in complex visual environments, and public complaints have suggested they
are often too bright. Second, in an effort to stand out from this complex background, i.e.
make them more conspicuous; DBB operators often believe that, the brighter the sign, the
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better. Our concern is that an excessively bright DBB in a visually complex, typically
urban environment will succeed in drawing attention to itself and away from other signs
in the environment, including official signs. Third, as this study, and others, have
demonstrated, older drivers have a particularly difficult time detecting official highway
signs in complex environments. Unfortunately, the trend in the U.S. is to increasingly
more complex environments, which does not augur well for our aging society.

Theeuwes, et al., 1998, 1999
In a series of related laboratory studies, Theeuwes and his colleagues have
demonstrated behaviors that may help to explain why the human eye may be drawn to a
DBB at the expense of the driving task even when a driver has no intention, or desire to
look at the billboard, and how this unintentional response can delay one's reaction time to
time-critical on-road events. Their experiments also shed light on the finding that their
participants were unaware that their eyes had been drawn to the distracter at the expense
of the object that was their task.
In summarizing the relevant literature, the researchers describe findings that show that
the human visual system is sensitive to events that exhibit sudden change; that a visual
object presented with a transient luminance change captures attention automatically and
reflexively. Even when observers have no intention to look for what Theeuwes call an
onset, such an abrupt onset, when visible among other visual elements in the scene is
processed first. Thus, it has been argued, sudden luminance changes (and this
characterizes all DBBs at the point of message change) capture attention in what is
known as a "stimulus-driven" manner, as opposed to being attentionally driven.
The studies reported here were conducted to determine whether such an abrupt-onset
object that was irrelevant to the task being performed, would also capture the eye
movement of the participant.
The experiment required participants to view a display containing six gray circles. After a
set time, five ofthe circles changed to red (one remained gray), and all six
simultaneously displayed a letter in their center. Participants were instructed that, as soon
as the colors of the circles changed, they were to direct their gaze as quickly and
accurately as they could toward the one circle whose color did not change, and push a
button to identify the letter that appeared in that circle. (The five other circles displayed
randomly chosen distracter letters which were never the same as the letter in the "target"
circle). Eight participants performed 64 practice and 256 experimental trials. In half of
the trials, a new red circle was added to the display at the same moment that the others
changed and the letters were revealed. This new circle could appear at one of four
possible locations within the display. This new circle was the "onset" or distracter.
The results showed that, when no new object was added to the display (the control
condition), the participants were able to move their eyes directly to the target; however,
in those trials where the new object was introduced (the experimental condition),
participants' eyes often went toward the new object, stopped briefly, and then went on to
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the target. In other words, with the new target present, two different eye movements were
made, the first to the new, irrelevant target, and the second to the target that was the
object of the task. Reaction time to the task (the identification of the letter inside the gray
circle) was significantly slowed :when the new, irrelevant target was present. The authors
note that the task irrelevant stimulus attracted this initial eye glance even when it
appeared in the direction opposite the target. At the end of the experiment, the researchers
explicitly asked the participants whether they were aware that the new object affected
their eye movements. The answers were that they were sure that their eye movements
were not affected by the onset object. Their conclusion from this first experiment was:
"Both the goal directed allocation of attention and the movement of the eyes to a clearly
defined target can be disrupted by the appearance of a new but task-irrelevant object in
the visual field, even when this object appears quite distant from the target" (Theeuwes,
et al., 1998, p. 381).
In a second study using a similar paradigm, the researchers found that the attentional
capture effects by the appearance of the task-irrelevant onset could be overcome when
observers had sufficient time in advance to attend and program an eye movement to the
location of a subsequent target stimulus. In other words, the distracting effect of the
novel, task-irrelevant object can be offset when a person can, in advance of that
distraction, focus on and attend to the principal target.

Cairney and Gunati/lake, 2000
On behalf of the Royal Automobile Club of Victoria (RACV- the approximate
equivalent of the AAA in the U.S.), Caimey and Gunatillake of ARRB Transport
Research (formerly the Australian Road Research Board) undertook a review of the
literature with the goal of generating recommendations for guidelines for the control of
outdoor advertising in the Australian state of Victoria and its local jurisdictions.
The authors cited two prior, comprehensive reviews, one by Wachtel and Netherton
(1980) in the U.S. and one in Australia on behalf of the ARRB by Andreassen (1984).
Their search of three databases (INROADS in Australia, IRRD in Europe, and TRIS in
the U.S.) uncovered no new studies in this field. What had changed since the two cited
reviews, however, was the technology used for the display of roadside advertising, as
well as the presence of more potential distracters within the vehicle itself. In addition, the
authors report that some jurisdictions have made progress in the development of
regulations "which are acceptable to advertisers while avoiding obvious distraction
problems for drivers ... " (p.2). They explain that, although these guidelines are not
generally based on empirical evidence, they are based on solid human factors data and
practical experience.
The authors identify, and briefly describe, six different types of signs, and suggest that
different guidance or regulation is needed for each. Only two of the sign-types, the
variable message and tri-vision signs, are relevant to our current study. They further
discuss illuminated signs, and the types of motion or apparent motion that can be
achieved by such signs, including: flashing, chasing, scintillating, etc., and they discuss
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the appropriateness of restrictions on dazzling or glare impacts on motorists, and on
maximum luminance (brightness) levels that should be appropriate for the ambient
roadside environment. Finally, they suggest that the lighting color displayed on such
signs should never mimic that of official traffic contro 1 devices, although they say
nothing about the shape of images displayed. For all signs, Caimey and Gunatillake
concluded that the common concern is the effect that a sign may have on a driver's
visibility of other road users, the roadway, and traffic control devices, and that
appropriate regulations generally prohibit signage in areas near where the demand for
driver concentration is high, "such as intersections, interchanges, and level crossings"
(p.3).
Although this report is not primarily concerned with recommendations of research
methodology that might be used to study the effect of roadside advertising signs on traffic
flow and safety, they mention three different types of investigative approaches that might
be followed, and point out certain difficulties and disadvantages of each.
The case-study approach involves the review and analysis of accident
investigation reports. The lack of results from such studies does not, they believe,
demonstrate that distraction from roadside advertising is not an issue, because
drivers may be reluctant to admit that they were distracted or may not have been
aware of being distracted. Further, distraction has not traditionally been an issue
that accident investigators have drawn attention to, and thus it is likely that it is
underreported.
The site investigation approach involves the examination of crash rates;
particularly crash rates of the types of crashes that might be expected to be related
to distraction such as rear-end crashes, along different road sections distinguished
by advertising sign presence or density. The authors point out that the major
difficulty with this approach is that high advertising density tends to be correlated
with other factors that might contribute to a high accident rate - i.e. a more
demanding driving environment. Not stated is that such studies are typically
unable to identify or control for variables that are outside the scope of the actual
study, such as police enforcement, road construction, or weather conditions.
The laboratory simulation approach enjoys the benefits of complete control over
the experimental design, but presents the difficulty of generalizing from the
simulated, artificial task in the laboratory to performance in the real world. In
addition, although not discussed in this report, there is the difficulty of recreating
the legibility, brightness and contrast oftoday' s sophisticated advertising signs in
simulation.
Other research approaches, such as naturalistic studies, controlled-course studies,
and unobtrusive observation, among others, are not mentioned.
The authors state that the majority of their review of the literature is based heavily on the
Wachtel and Netherton (1980) study. Indeed, of the 14 studies reviewed by Caimey and
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Gunatillake, all had been previously analyzed by Wachtel and Netherton. Accordingly,
these re-reviews will not be discussed here. The conclusions of Caimey and Gunatillake,
having re-reviewed these studies with the benefit of 20 years of hindsight, is that the
conclusions reached by Wachtel and Netherton were appropriate, and still relevant to the
development of guidelines in Australia in 2000. Among their specific conclusions are
these:
The best of the studies reviewed to date (Weiner, 1979) demonstrates that, when
all confounding variables are controlled statistically, sites with advertising signs
have higher crash rates than sites without. Indeed, the number of billboards did
have a significant effect, and the number of crashes increased in proportion to the
number of billboards. The effect size, however, is modest.
Because the effect size is small, this suggests that large, well-controlled studies
will be required to detect significant effects. "There is a risk that small studies
will not produce sufficient effects and be misinterpreted as showing that there is
no significant effect when the proper conclusion is that there is insufficient data to
reach a conclusion" (p.9).
Changeable message signs may have a more direct bearing on crash rate than
static signs.
The outcome of the laboratory studies complements those of the (on-road)
correlational studies. Although drivers are resistant to distraction, simulated
advertising has a small but consistent, and adverse, effect on performance,
particularly where task demands are high, and on peripheral tasks. Further,
advertising material that is similar in appearance to traffic control devices, or that
is proximal to such TCDs in the driver's visual field, may be particularly
troubling.
In summary Caimey and Gunatillake believe that the cited findings suggest that
unregulated roadside advertising has the capacity to create a significant safety problem.
Interestingly, they state that their results "run directly counter to Andreassen's (!984)
conclusion that 'There is no current evidence to say that advertising signs, in general, are
causing accidents"' (p.9).
The remainder of this study addresses the existence of guidelines and regulations, and
puts forward recommendations for future controls. This will be addressed in Section 5 of
the present report. ·

Farbry, et al., 2001
This report, by the Federal Highway Administration's (FHWA's) Human
Centered Systems Team, reviewed the literature related to the safety implications of
electronic billboards (EBBs), presented findings, and recommended a research plan to
address knowledge gaps. It was a follow-up to an earlier FHWA report (Wachtel and
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Netherton, 1980), and it complemented contemporaneous driver distraction studies that
addressed in-vehicle displays. The project included tri-vision signs within the broader
category of EBBs.
The literature review included: an assessment of state billboard regulations and policies
relevant to EBBs and tri-vision signs; billboard-related crash analyses and potential
safety factors such as distraction, conspicuity, and legibility; and driver and roadway
characteristics. Because there was a limited amount of available research on external (to
the vehicle) distraction, the review included an assessment of studies of in-vehicle
distracters as a surrogate to understand how potential distraction may affect the driver.
The knowledge gaps were categorized into three areas: roadway geometry, sign
characteristics, and driver characteristics. Each of these areas was reviewed and
preliminary research plans were proposed, including goals and research questions. The
roadway characteristics identified for future research included horizontal and vertical
curves, intersections, work zones, and EBB and tri-vision sign spacing. Sign
characteristics for needed study included content and comprehensibility, exposure time,
motion, and sign maintenance. Driver characteristics related to age and route familiarity.
The authors describe the capabilities of EBBs, both complex and simple, and state that
the simpler technologies used in some EBBs are similar to those employed in changeable
message signs (CMS) used by roadway authorities in both permanent and portable
installations to communicate official traffic information to motorists. The report notes
that such signs may also be called variable message signs (VMS) or dynamic message
signs (DMS). Tri-vision signs are described as more limited in capability, but of interest
because of: (a) the rotation (movement) of their cylinders to present three different
messages, (b) the presentation of two partial messages simultaneously (during the change
interval), and (c) potential variations in light reflected back to the driver as the panels
rotate.
A review of State practices concerning regulation of EBBs demonstrates that, unlike with
static (fixed) billboards, there is little consistency from one jurisdiction to the next.
The literature review, while updating that in FHWA's 1980 study, differed from the
earlier study in three ways. First, the newer study did not review the literature critically as
did the previous study; and second, the newer study reviewed a subset of the literature
whereas the earlier study attempted a comprehensive review of the extant literature. On
the other hand, the newer study synthesized the prior research in a manner that the
analytical and chronological approach of the earlier study did not. The 2001 study
grouped the reviewed work into common topics areas, permitting the reader to more
easily grasp the multifaceted nature ofDBB issues, and to better appreciate the existing
knowledge gaps with regard to the safety implications of these devices.
The authors identified relevant research in other aspects of road safety that might not, at
first, seem to relate to the possible safety implications of roadside electronic billboards.
Areas of research interest such as older and younger drivers, distraction due to in-vehicle
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technology, and display and lighting characteristics of changeable message signs used for
official purposes, are all discussed. Clearly, these areas of research are relevant to DBBs,
as will be discussed below.
Specific attention is given to other technologies (such as in-vehicle distracters) as they
may be relevant to the potential threat of distraction from electronic billboards. For
example, the study summarizes work by Wierwille and Tijerina (1998) that calculated the
total number and average duration of eye glances required to operate specific in-vehicle
devices (such as climate controls, HVAC, mirrors, and others). "Exposure" was defined
as the number of glances multiplied by the time per glance, and the researchers found that
there was a linear relationship between exposure and number of crashes. The FHWA
authors suggest that a similar approach might be undertaken to assess the maximum
amount of time that a driver could attend to a distraction source outside the vehicle.
Similarly, the authors review several studies that examined the relationship between
cellular telephone use and crashes, and they divide such phone-related distraction into
three categories: manual manipulation of the phone; glancing at the phone (which
requires looking away from the roadway), and engaging in conversation (which may
disrupt concentration on the driving task). They conclude that the latter two contributors
to distraction due to the use of cell phones may have parallels with distraction from
roadside electronic billboards.
They also identify research methodologies used in other applications that may be
applicable to studying the impacts of EBBs. For example Olsson and Bums (2000)
developed a "peripheral detection task" designed to measure visual distraction and mental
workload; with appropriate modifications this approach might be useful for the study of
distraction and workload effects of roadside electronic billboards, along with classical
driver performance measures of lane deviation and speed maintenance.
A number of the conclusions reached, while highly relevant, might be seen even more
strongly in light of the observations made by other researchers. For example, the authors
appropriately suggest that there may be lessons from studies into the legibility and
conspicuity of official changeable message signs that could be applied to DBBs. They
further discuss the fact that low levels of illumination on official signs could lead to
reduced conspicuity and, hence, reduced legibility. This difficulty might be exacerbated
because DBBs typically have very high luminance levels, often leading to complaints by
the traveling public as well as regulators. These high luminance levels may increase the
conspicuity of the DBBs at the expense of official signs. Similarly, the authors discuss
differences in response to signs by familiar vs. unfamiliar drivers, since it is understood
that motorists who pass the same signs regularly become acclimated to their presence and
may ignore them. Of course, one of the defining characteristics ofDBBs is their ability to
display a new message every few seconds, thus, in effect, presenting displays that are
always new and therefore unfamiliar to all drivers.
One of the principal purposes of this project was to identify needed research and propose
approaches to conduct Sl!Ch studies. The authors describe the goal of such research as
determining whether there are conditions under which EBBs are a safety concern as
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demonstrated by crashes or other types of degraded driver performance. They identify
research findings, information that is available in an area that may be relevant to studies
of EBB safety, and research questions, goals of research still needed. They appropriately
note that, because findings from some otherwise relevant prior research studies did not
directly address EBBs, it may still be necessary to replicate some of the earlier work with
these newer billboards. The authors identifY relevant characteristics of the roadway
environment, sign design and operation, and driver-related issues, and identifY the
research needs in each area. This section of the report ends with a brief overview of four
research methods that the authors suggest might be appropriate for future research. These
include: documentation analysis (accident analyses of EBB locations with controls); field
studies (data collection by observers in the field); test track studies; and simulation.
Because this was intended only as an overview of the four methods, they are not
described in sufficient detail for the reader to understand the advantages and limitations
of each method for studies of this complex real-world issue.

Beijer, 2002
Beijer undertook a comprehensive, on-road investigation with 25 participants who
had their eye movements recorded while driving along a heavily traveled expressway in
Toronto, Ontario, Canada. Advertising signs visible to drivers were evaluated for the
number and duration of eye glances made to each. The signs varied in size, distance from
road, and side of road. Signs using four different display technologies were included:
conventional billboard, scroller, roller-bar, and video. There were apparently no signs
studied featuring the technology of most interest to the present report, DBBs or CEVMS.
Because much has been written about the likelihood of different driver response to
outdoor advertisements based on temporal driving demands, Beijer operationally defined
demand in a simple, effective, and naturalistic, although somewhat limited, manner.
Specifically, he identified the distance between a participant's car and the vehicle
immediately ahead of it in its lane. If that distance covered one skip line and space, he
considered the task demand on the participant to be high; two skip lines and spaces was
called medium; three skip lines and spaces was deemed low; and anything beyond three
skip lines and spaces was defined as no demand. Although Beijer recorded this data for
all three lanes of traffic moving in the same direction as the participant, he analyzed only
the same-lane data. As stated above, while this operational definition is somewhat crude
and doesn't account, for example, for the demands imposed by traffic immediately
behind and/or adjacent to the participant's car, or for demands created by changing traffic
speeds or roadway geometry, it has the advantage of being easily measured and
naturalistic.
As background for his study, the author reviewed earlier eye-movement research that
addressed visual demand on drivers. He cites work by Rockwell ( 1988) and Wikman et
a!. (1998) each of whom suggested that, when drivers have spare visual capacity, one
second was about the maximum for safe non-driving related glances. Separately, he cites
work by Zwahlen (1988) and the same paper by Rockwell that suggest that two seconds
is a practical maximum, because glances longer than this are associated with lanekeeping errors. Since the presence of other vehicles in the traffic stream increases
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demand, Beijer suggests that, in heavy traffic, "glances at (advertising) signs may be
inappropriate (p.3), and the measurement of such glances was one of the key objectives
of this project.
One concern with Beijer's adoption of the "two-second rule" (p. 14) is his reliance on the
Rockwell study that suggested that drivers' visual glances are affected by four factors,
one of which is the sampling of in-car electronic devices. Beijer's assumption that
glances at roadside advertising is similar, and therefore should produce quite comparable
results to, the in-car displays studied by Rockwell, is overly simplistic, given that the eye
and head movements required may be quite different, that in-vehicle displays can be
viewed at any time, whereas a compelling roadside advertising sign can be viewed only
while the sign is being approached, and given the understanding, as expressed by Chan et
al. (2008) that drivers looking down at in-vehicle displays know that they cannot see the
road ahead and thus may be motivated to return their gaze to the forward roadway view
as quickly as possible, whereas drivers looking at roadside advertising signs, particularly
signs close to their line of sight, are likely to still have the forward roadway view in their
peripheral vision, and thus may feel less need to return their gaze quickly to the foveal
view.
Again citing Rockwell (1988) Beijer distinguishes between two measures of eye gaze.
The mean number of glances (MNG) is sensitive to demand, and increases with the
complexity of the task, whereas the average glance duration (AGD), in Rockwell's work,
was relatively insensitive to changes in demand. Rockwell reported that, as traffic
conditions become more demanding, drivers increase the MNG while shortening the
AGD, although the total off-road viewing time remains nearly the same. This suggests
that drivers are able to modulate their glances as task demands build, so as to better
"time-share" these off-road glances with attention to the forward visual field as
necessary. Conversely, one might expect that drivers who engage in long AGD behavior
even when confronted with high task demands are less willing or able to devote the
appropriate visual resources to the driving task.
Beijer tested two basic hypotheses:
1. The most distracting signs will be those that are larger, active rather than
passive, closer to central vision, and on the right side of the roadway.
2. Signs located in an area with a low density of other signs, and with less
demanding traffic, would receive more attention. (He states: "Signs that receive
attention despite a heavy traffic density or a demanding route are referred to as
receiving 'inappropriate attention' [p. 28]).
The 25 participants in this study drove a 6 km section of the Gardiner Expressway, and
passed a total of 61 commercial signs. These included 24 small and 18large billboards
(sizes were not specified), 5 video, 12 scrolling text, and 2 roller bar signs. The signs
were equally divided (30 left and 31 right) on both sides of the highway.
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Based upon the related work of Smiley and her colleagues (Smiley, Smahel & Eizenman,
2004; Beijer, Smiley & Eizenman, 2004) Beijer defined "long glances" as any glances of
duration greater than 0.75 second. Overall, he found that 22 (88%) of his participants
made long glances at one or more signs; and five (20%) made glances of longer than two
seconds to one or more of the advertising signs. The longest recorded glance was 2.07
seconds. As expected, the "active" signs commanded more, and longer glances per sign
than did the "passive" signs (large and small conventional billboards). Scrolling text
signs amounted to 20% of the total, but commanded 42% of aU glances, and 40% of aU
long glances. Roller-bar signs represented only 3% of the total, but captured 6% of aU
glances and 6% of long glances. Video signs represented 8% of the total, and captured
19% of aU glances, and 31% of long glances. Small and large (static) billboards
combined represented 69% ofthe total, but captured only 32% of aU glances and 23% of
long glances. In essence, these findings demonstrate that static signs captured a
percentage of glances and of long glances amounting to about half of their representation
on the road, whereas all three types of active signs attracted a percentage of glances and
oflong glances approximately equal to at least twice their representation on the road.
In terms of statistical significance, the roller-bar and video signs received significantly
more long glances per sign than did the billboard or scrolling text signs. Beijer expresses
some surprise that the roller-bar signs would capture as many glances (and long glances)
as the video signs because, "unless a subject actually catches the RoHer Bar sign during a
change, it could very well be mistaken for a Billboard" (p. 71). He suggests, however,
that "anecdotal evidence points to some people (saying) they anticipate and watch (the
Roller-Bar sign) for the change to a new message/advertisement" (p. 71).
When task demands increased, the author found that the number of glances made per sign
decreased significantly; average and maximum glance durations appeared to decrease,
but not significantly.
Beijer finds that his results differ from earlier studies, particularly those of Andreassen
(1984) and Hughes and Cole (1986), and attributes this to the differences in sign
technology. He states: "Certain signs are much more distracting than those studied in
previous experiments" (p. 68).
One of Beijer' s main hypotheses -that signs on the right side of the road would receive
more glances than those on the left- was not confirmed. In fact, the two signs (of 61 in
the study) that were the most frequently viewed were both on the left side of the road.
The author believes that this may have been attributable to sign placement- both of these
signs were positioned close to the drivers' line of sight. Conversely, the signs on the right
side of the road, particularly the active signs, were not typically placed as close to the
road as those on the left, and were farther from the drivers' central line of sight. This
finding of more views for signs on the left is not only counter to what the author expected
at the start of the study, it is contrary to data found in previous studies (e.g. Mourant and
Rockwell, 1970), that found that drivers tend to concentrate their glances on the right
portion of the road. Beijer suggests that this somewhat surprising finding may be because
modem day drivers are more used to looking at official signs that are mounted overhead
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above the travel lanes vs. older signs that were typically mounted on the right. Of course,
it is also possible that the signs on the left were simply more distracting, and more
capable of attracting the drivers' attention than those on the right.
A finding of safety concern is that, although higher levels of task demand were associated
with a reduction in the number of glances made to the signs, the average and maximum
duration of these glances was not reduced as task demands increased. As the author
states: "This would seem to indicate that drivers are comfortable turning their attention
away from the road for a set period of time, regardless of the demands of the driving task
(i.e. traffic conditions)" (p. 76).
Of the 926 total glances made by the 25 participants in this study, 198 of them (21.4%)
were 0.75 seconds or longer, and 10 were longer than two seconds. Since these very long
glances were made by five different participants, and the long glances were made by 22
out of25 of the participants, the author concludes:" ... distraction (from advertising
signs) is not just an isolated incidence by one or two participants" (p. 77).
When only long glances were considered, the differences between sign types became
highly significant. The video signs received more than five times as many long glances as
the large static billboards. In fact, one ofthe five video signs received the majority of the
long glances. This sign was positioned close to the drivers' field of view, where it could
be seen for a considerable distance, and where there was very little visnal clutter,
enabling the sign to dominate the visual space. The author concludes that sign placement
within an approaching driver's field of view may be more important than the sign's
lateral distance from the road edge. Signs in the center of the field of view tend to receive
more glances, regardless of distance, than those farther in the periphery. Beijer notes that
current policies regarding the distance of commercial signage from the road does not
distinguish between straight sections and curves and does not account for the sign's
location within the line of sight. He suggests using line of sight, or angle from the center
of the lane.

Young and Regan, 2003
Although this paper is concerned only with in-vehicle distraction, it is addressed
briefly here because of its clear explanation of driver distraction and inattention, and its
potential consequences. The authors cite Stutts et a!. (200 I) who define distraction as
occurring "when a driver is delayed in the recognition of information needed to safely
accomplish the driving task because some event, activity, object or person within or
outside the vehicle compelled or tended to induce the driver's shifting attention away
from the driving task." It is the required presence of this triggering event or activity that
distinguishes distraction from the broader category of driver inattention. There are
generally four types of driver distraction that are considered: visual, auditory,
biomechanical, and cognitive. When considering the potential distraction due to roadside
billboards, we are talking about visual distraction. The authors summarize their short
paper by recognizing that converging evidence suggests that driver distraction contributes
to crashes, and that the prevalence of distraction as a risk factor is likely to increase as

31

new technologies are brought to market. Although they are addressing in-vehicle
distractions, their statements can apply to external distraction, including DBBs, as well.

Wallace, B., 2003a, b
Wallace describes this paper as a literature review and meta-analysis, based on
research that he carried out for the Scottish Executive's Central Research Unit. The goal
of this study was to answer the question: Is there a serious risk to safe driving caused by
features in the external environment (focusing on billboards) and, if so, what can be done
about it?
The author states that this subject has been under-researched, but that there is evidence
that, in certain cases, "over complex visual fields can distract drivers" and that it is
unlikely that current guidelines or regulations are adequate to deal with this concern.
Wallace cites a number of the early U.S. accident analyses, most performed in the 1950s
and 1960s, which generally showed that higher road complexity, especially that related to
intersections, curves, and roadside development, was associated (correlated) with higher
accident rates. He interprets and groups the conclusions of several of these studies to
suggest that the presence of billboards adjacent to such roads, especially when the
billboards were located at or near curves or intersections, contributed to these higher
accident rates.
After reviewing seven on-road and statistical studies and two laboratory studies, the
author concludes that, despite certain weaknesses in each study, they "start to tell a
story," which is, as Wallace puts it, that when drivers are looking for something (i.e. a
traffic sign or signal) their reaction times will be slowed by the presence of distracting
· advertisements." This conclusion is supported by the more recent work of Crundall and
his colleagues (2006), discussed later in the present report.
After summarizing his conclusions from these studies and experiments, Wallace turns to
theories that might help explain these findings. His interpretation is that theories of
attention and perception suggest that drivers may be susceptible to distraction from their
driving task at any time, but that this is most likely to occur when such drivers are
searching for something, and especially when they do not know what they are searching
for and when there is a great deal of clutter in their visual field. He interprets the Holahan
(1978) and Johnston and Cole (1976) laboratory studies as demonstrating this effect, and
the field studies as further supporting these predictions by finding higher correlations
between billboards and accidents at intersections. Further, he cites the Ady ( 1967) study
for actually demonstrating that an advertising sign with bright lights, positioned at a
curve in the road, was shown to have caused accidents. He believes that this finding
supports Berlyne's theories of the orientation reaction, where the human brain functions
in a manner to modulate arousal levels. In the case of the one billboard (out of three)
found by Ady to have caused accidents, Wallace describes the situation as being a stretch
of road where drivers were operating in conditions of low arousal, where they might have
succumbed to "highway hypnosis." The sign, according to Wallace's interpretation,
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might have caused these drivers to experience phototaxis (also called the "fascination
phenomenon") in which the large, bright billboard captured their attention to such an
extent after a_ long, monotonous stretch of road, that drivers became "absorbed" in the
sign, and simply failed to notice or respond to the curve in the road where the sign was
located.
Wallace's review of early accident studies is open to challenge for several reasons. He
finds fault with the fact that these studies demonstrated only correlations between
advertising and accidents, rather than proving a cause-and-effect relationship. While it is
true that correlation cannot prove causation, it is wrong to think of this as a weakness in
the research. The flaw, if any, is in the misinterpretation or misuse of this data. Further,
Wallace seems to attribute certain methodological weaknesses in some of these studies
(e.g. not controlling for traffic flow or roadside development) to the fact that these studies
were correlational by design. In truth, because a study undertakes a correlational rather
than causation analysis is independent of whether its methodology is flawed. The types of
statistical oversights that Wallace attributes to these studies are real, but they are not a
result of the researchers' choice to undertake correlational analyses only.
It is offurther concern that Wallace's review of these earlier studies, and his critique of
previous reviews of them, seems intent on demonstrating his main point, which is that
outdoor advertising signs at intersections are a problem that warrants attention. If a study,
or a critique of a study, did not support this argument, then Wallace tends to be
dismissive of it. This is not to say that his point is wrong; it is simply to suggest that his
reviews seem colored by an effort to reinforce his conclusion, and his critiques are
selective as a result.
Wallace dismisses correlational studies, apparently because he believes that only studies
that can prove causation have merit. By extension, he dismisses on-road studies because
it is difficult, if not impossible, to undertake such a study with the degree of experimental
control that might support findings of causation. In this same vein, he praises
"experiments" (i.e. controlled laboratory studies) for their ability to demonstrate
causation. He does, however, recognize that, with their abstraction from reality, it may be
difficult to generalize findings from such experiments to the real world. As Wallace states
it, such experiments lack ecological validity, i.e. the degree to which they reflect real
world driver behavior.
Despite these criticisms, Wallace does a reasonable job of bringing together the
predictions that come from theory, and the findings of laboratory studies and accident
analyses to support his major thesis; that roadside billboards can be a major threat to road
safety under certain, situationally specific, conditions.
In summary, his major conclusions are:
a. The adverse effect of billboards is real, but situation specific.
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b. Too much visual clutter at or near intersections can interfere with drivers'
visual search and lead to accidents.
c. It is "probable" that isolated, illuminated billboards in an otherwise boring
section of highway can create distraction through phototaxis.
The principal points made by Wallace, both in his summaries of past research and in his
interpretation of psychological theories of attention and distraction, are that outdoor
advertising signs are likely to create dangerous levels of distraction for drivers when they
are placed at complex or challenging road locations such as intersections or curves, or
when they exist in the midst of otherwise understimulating sections of roadway.
While there has been little research into the possible role of phototaxis on driver
performance, there is broad agreement by researchers that billboards, in general, can
create inappropriate levels of distraction when placed in areas of high driver task
demands. Wallace identifies two such areas - intersections and curves. Other conditions
and circumstances, such as merges, lane drops, and decision points, have been cited by
others.
Although this study was silent on billboard technologies, the text suggests that Wallace
was principally concerned with traditional fixed billboards (with the exception of his
citations of prior research). And, while digital billboards are not explicitly discussed, it is
reasonable to assume that the situation specific conditions addressed in this study would
apply equally, if not more strongly, to these newer technologies.

CTC & Associates, 2003
Prepared at the request of the Wisconsin Depa1tment of Transportation
(WisDOT), Transportation Synthesis Reports (TSRs) serve as brief summaries of
currently available information on topics of interest to the WisDOT technical staff. The
reports are compiled from sources such as NCHRP, TRB, AASHTO, other state DOTs,
and related academic and industry research. The impetus for this particular report was a
concern raised about the predicted safety impacts of outdoor electronic advertising signs,
called electronic billboards (EBBs) in this report, as well as tri-vision signs.
The report summarizes a highly selective set of studies in several areas. These are
identified as: Overview, State and Local Studies, Driver Distraction, and Avenues for
Research. In addition, a brief summary is provided of pertinent Wisconsin regulations
that address two types of electronic outdoor advertising, "multiple message signs" (trivision) and "variable message signs" (electronic billboards or EBBs).
In the Overview section, the report references the Federal Highway Administration's
(FI-IWA) Office of Real Estate Services (ORES) website for a detailed history of the
federal outdoor advertising control program, and the ORES 1996 and 1998 policy
statements on changeable message signs.
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Summaries are also provided of the FHWA 2001 report titled "Research Review of
Potential Safety Effects of Electronic Billboards on Driver Attention and Distraction"
(Farbry eta!., 2001). Among the key findings of this report were that: (a) determining the
effect of roadside billboards on safety is difficult due to both theoretical and
methodological reasons; (b) there does not seem to be an effective method appropriate for
evaluating the safety effects of EBBs on driver attention or distraction; (c) the legibility
requirements used for official changeable message signs may be relevant to the design of
EBBs; (d) there is potential in the use of methods to assess distraction from in-vehicle
information systems for EBBs; (e) although the 42 states surveyed have generally
consistent regulations for traditional (static) billboards, there are no common guidelines
governing EBBs and tri-vision signs across states; and (f) few states even define the term
"electronic billboard."
Based on the FHWA survey of states, the report identifies issues that may pertain to
EBBs. These include: red, flashing, intermittent or moving lights; glare; use of traffic
control device symbols or words; illumination or sign placement that might interfere with
a traffic control device; spacing and timing.
The report summarizes a study performed for the South African National Roads Agency
Limited (SANRAL) (Coetzee, Undated) that looked at the content of outdoor advertising
"based on driver characteristics," and it discusses a number of the articles previously
reviewed in the FHWA report of 1980. In addition, the report discusses a 1999 survey
conducted by the National Alliance of Highway Beautification Agencies (NAHBA),
which reviewed state regulations regarding tri-vision signs, and which included a
discussion of the Minimum Exposure Dwell Time and the Maximum Transition Twirl
Time boundaries contained within the policies of several of these states.
In the section on Driver Distraction, the authors quote from the 2001 FHWA study and
the website of the Outdoor Advertising Association of America (OAAA), both of which
describe the intention of outdoor advertising to catch the eye and draw attention. The
quotations from OAAA go further, and describe newer technologies that permit such
signs to "talk to you," and include other interactive features.
The report then reviews several studies of driver distraction, some of which employed
accident analyses from Federal databases and others which employed actual on-road
research using a variety of methods to measure distraction. The American Association of
Automotive Medicine (AAAM, 200 l) analyzed crash data from the national
Crashworthiness Data System (CDS) from 1995-99, and determined that 12.9 percent of
drivers were distracted at the time of their crash, and that 29.4 percent of those drivers
cited "persons, objects or events outside the vehicle" as the source. Other studies are
cited, with differing results reported.
Other studies were reviewed that analyzed driver eye and head movements, and showed
that greater visual complexity associated with a high volume intersection required drivers
to search the environment more than at lower volume intersections. The authors, citing
the 2001 FHWA study, state: "it can be conjectured that additional visual stimuli such as
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billboards, may add additional demand to driver workload in high-volume intersections"
(p.6)."
Although still in the section on Driver Distraction, the authors next discuss several
studies that dealt with information processing demands for reading dynamic message
signs with unfamiliar messages. Human factors research carried out by FHWA is cited
that found that the 85th percentile driver on a low-volume highway could read signs with
word messages at the rate of one major word per second. Interpretations are made (it is
unclear whether these belong to CTC or to the original study authors) to suggest how
many words or symbols could be read by drivers approaching signs under different
conditions (e.g. day vs. night; 100 vs. 80 km!h speed; perfect vs. degraded vision; 14 vs.
6 inch letter height). The authors list other factors, including driver workload, message
familiarity, and message format, that can affect the time needed to read a sign message,
and conclude this discussion by citing another study, which states: "it is important that
the message must be legible at a distance that allows sufficient exposure time for drivers
to attend to the complex driving situation and glance at the sign a sufficient number of
times to read and comprehend the message" (p.6).
Brief mention is made of a number of states that have attempted to identify a relationship
between EBBs and safety using traffic conditions "as a surrogate measure" (although it is
not clear what this means in the context of this report). States variously reported no
evidence of increased traffic problems, or an inability to identify a relationship between
crashes and EBBs. However, no information is provided as to how this information was
obtained, or whether any actual research or analysis was conducted to address these
questions. Again, it is not clear whether these statements are those of the authors of this
report or the cited study.
Finally, in a section titled "Avenues for Research," the authors return to the 2001 FHWA
study, which suggests several needed studies. A study conducted in 2000, using a
methodology called a peripheral detection task to measure visual distraction and mental
workload is cited as a promising approach. The authors suggest that this approach might
be useful in addressing distraction due to in-vehicle systems and, if so, "it may also be
applicable to stimuli external to the vehicle such as EBB and tri-vision signs" ( p.7).
The authors note that research is needed about the effects of EBBs in highway work
zones. Since work zones are known to be high accident locations due to many factors, it
is reasonable to assume that these are very high driving demand environments where
safety challenges could be exacerbated by additional sources of visual distraction. But the
report merges a discussion of work zone demands with those of other complex highway
environments including horizontal and vertical curves, and interchanges and
intersections. Thus, the focus of the suggested research is unclear. "Changeable message
signs" (CMSs) are discussed next, and although not stated, it seems clear from the
context that these are official highway signs rather than billboards. A number of research
studies are cited that address the legibility requirements of such signs, including issues
such as character font, number of characters per line of text, number of lines, luminous
contrast, positive contrast orientation, etc.
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Because this paper does not represent original research, there is no criticism of the
methods used or the assumptions made. It is unfortunate that the authors seem to use
multiple terms when referring to the same technology- terms including electronic
billboards (EBBs), variable message signs (VMS), dynamic message signs (DMS), and
CMS (which, although not defined, presumably refers to changeable message signs).
Another source of some confusion for the reader is that it is often not possible to know
whether statements made in the report are those of the authors of the studies under
review, or those of the reviewers who prepared this report.

Lansdown, 2004
Following a similar thread to the earlier work by Cole and Hughes (1984),
Lansdown suggests that the significance of information presented by roadway signage
should be explicitly linked to a hierarchy of priorities. Safety information should have the
highest priority for signage, followed closely by regulatory information and then travel
efficiency. Sign design should meet the conspicuity needs of the driver, as, by example,
safety and warning signs possessing high attentional conspicuity (i.e. they are
conspicuous to all drivers whether or not they are expected, and whether or not the driver
is looking for them), whereas signs conveying navigational information need only meet
the lower standard of search conspicuity, in that they contain information that is only
relevant to the subset of drivers that is looking for it. Lansdown suggests that irrelevant
information such as advertising signs should be treated as low-priority information and
"constrained in its attention-demanding capacity" (p. 76).

Finnish Road Administration, 2004
This two-part study was conducted on behalf of the Finnish Road Administration
(VTT) to provide background material for policies about roadside advertisemeots. The
goal of the project was to conduct a general assessment of prior studies on the effects of
roadside advertisements on safety, and to determine whether advertisements are the cause
of fatal accidents.
The first part of the study was performed by Docent Juha Luoma ofVTT Building and
Transport, and consisted of a critical summary of existing research, an assessment of the
need for policies, and a discussion of the problems related to studying the safety effects
of roadside advertisements. The second part of the project was an extract of a previous
project performed for VTT by the Helsinki University of Technology. This earlier work
reviewed the accident investigation committee reports of fatal accidents that occurred in
2000-01, the objective of which was to determine ifthere was evidence that
advertisements were partial causes of the investigated accidents.
The effects of roadside advertisements (billboards) have been previously studied in
Finland in the 1970s by Lehtimaki and in the 1980s by Luoma. In a 1984 article, Luoma
summarized the findings as follows:
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- In general, the number of accidents near roadside advertisements has not been
observed to be higher than at reference sites (those without advertisements).
- The negative effects of advertisements are visible in accident statistics if they
are focused on intersections.
- The effects of advertisements are apparent in driver behavior, but the effects
measured under normal traffic conditions are small.
-Advertisements distract the detection of traffic signs and possibly also other
objects relevant to the driver's task.
The last conclusion above was based on similar results obtained from both real world
observation (under normal traffic conditions) and a simulation study (under high
workload conditions). The authors surmise that "small effects visible in a normal
situation may in exceptional situations become significant from the standpoint of safety
(p.ll ), but Luoma predicted that the similar outcomes from these two studies would not
be accepted as sufficiently conclusive that it would lead to clear-cut measures of control.
In a later study, Luoma (1988) studied drivers' eye movements and responses to a survey
in the vicinity of different kinds of observed objects. The results indicated that "drivers
looked at roadside advertisements for a long time compared to traffic signs" (p.! 0). These
results suggested that the information presented in the advertisements could not be
perceived quickly or easily.
The authors reviewed a small number of other studies, and summarized them as follows:
The Federal Highway Administration study of2001 (FHWA, 2001) "did not
include clear conclusions on the effects of roadside advertisements on road
safety" (p. II).
A study by Boersema et al. (1989) found that, at a railway station, "object
recognition slowed as the number of advertisements increased" (p. II).
A study by Lee et al. (2003) concluded that roadside advertisements do not
change driver behavior. "However, their conclusion is contradictory to the
results, since there were differences between the results near the
advertisements and the reference sites." In addition, "the test setup apparently
was unsuitable and insensitive ... and the analysis of eye movements
compared average focusing of vision to the right, centre and left, which hardly
indicates the effects of advertisements situated on different sides of the road"
(p.ll).
From their review of earlier work in this field the authors suggest research strategies that
might be most successful in the future. They believe that accident studies, driver
interviews and questionnaires are not sufficiently sensitive to measure the possible effects
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of billboards on road safety. They also dismiss laboratory tests and simulator studies
because they doubt that such studies will produce stronger evidence than those that have
been previously undertaken. Another approach, involving experimental field research
with test drivers is not recommended, in part because data collection is time-consuming
and expensive. Instead, these authors believe that the most promising research
methodology for studying the potential impact of roadside advertising on traffic safety is
by measuring the behavior of normal traffic without interfering with the traffic in any
way. (This is what we would call unobtrusive observation). They believe that the most
difficult challenge will be to find appropriate measures of driver behavior.
The second phase of this project analyzed fatal accidents at intersections. We will address
this only briefly. Apparently, the research team reviewed the reports of the "accident
investigation committee" of fatal accidents that occurred in 2000 and 200 I. (It is not
known whether this committee reviewed only fatal accidents or whether the researchers
chose to examine only that subset of the committee's work that reviewed only fatals). Of
405 fatal accidents identified by the committee and reviewed by this research team, six
were identified in which it was concluded that advertisements were a partial cause. In
those six accidents, there were nine fatalities and two injuries. In four of the six cases, it
was found that the advertisement obstructed the visibility of traffic on the cross road; in
one case it was concluded that an advertisement distracted the driver's attention away
from the road; and in the final case it was found that both factors were present. We are
unable to evaluate the efficacy of this part of the study, since we do not know how the
studied accidents were selected, how the reviews were conducted, or how the conclusions
were reached.

Smiley, Smahel, and Eizenman, 2004
This study was performed on downtown streets and an urban expressway in
· Toronto, Ontario, Canada. The researchers studied 16 drivers, all drawn from the age
group (25-50 years) with the lowest accident rate. Eye movements were recorded as the
participants approached and passed four sites with video advertising signs (three on local
streets and one on the expressway) and, with the exception of the expressway location,
the same sites in the opposite direction, where the video signs were not visible.
The authors found that 76% of all glances captured were made looking ahead at traffic,
whereas drivers glanced at the video signs on 45% of the occasions when such signs were
present. Glances at outdoor advertising signs, including the video signs, amounted to only
1.2% of total glances. The mean glance durations were generally between 1/5 and 3/5
seconds. The distributions of glances and glance durations were similar for the video sign
and non-sign approaches. Approximately one-fourth of the glances at video signs were
greater in duration than 0.75 seconds, a value which the authors consider to be of concern
because this represents the minimum required perception-reaction time (PRT) to a
slowing vehicle ahead. Although some glances at video signs were made with short
headways to the vehicle ahead (one second or less), at large angles (up to 31°) off the line
of sight, and for long durations (as long as 1.47 seconds) there was no evidence that these
glances compromised the drivers' recognition of potential conflicts with pedestrians or
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bicyclists, and no evidence that the glances at the video signs reduced the proportion of
glances at traffic signs or signals.
The authors caution that only a small number of subjects participated in the study, that
these subjects were drawn from the safest age range of drivers, and that the subjects knew
they were being observed and their glances recorded. In addition, the four video signs
differed from each other in characteristics such as size, height above grade, proximity to
the road edge, sight and legibility distance, and the complexity (or clutter) of the visual
environment in which they were located. Although the signs' sizes are not presented, the
figures in the report suggest that the video signs were quite small in comparison to others
that are in growing use. Finally, the authors refer to an earlier study that found that a
video sign in the drivers' line of sight and visible for an extended period was "very
distracting" (p.83). That study (Beijer, 2002) is discussed above.

Beijer, Smiley, & Eizenman, M., 2004
This study evaluated eye glances toward four different types of roadside
advertising signs through the use of eye movement recordings as subjects drove along an
urban expressway in Toronto, Ontario, Canada. The road was a six lane elevated
expressway in downtown Toronto with a speed limit of 80 km/h and a prevailing traffic
speed of 90-95 km!h. The study was conducted between I 0 AM and 2 PM, when traffic
flows were described as "medium to light." Drivers were exposed to 37 outdoor
advertising signs, on both sides of the road. A total of 25 drivers participated, and ranged
in age from 25-50 with a minimum of five years of driving experience. Subjects were
classified as familiar or unfamiliar based on their prior frequency of using this route.
Three dependent measures were analyzed based upon a review of the real-time
videotapes of the drives with eye glance data superimposed - average glance duration,
maximum glance duration, and number of glances. Each of these measures was
calculated for each of the 37 signs.
Four types of signs were present among the 37 encountered. These included: fixed
billboards (N=l8); Video signs (N=5), Roller Bar signs (apparently similar to Tri-vision
[N=2]), and Scrolling Text signs (apparently lamp matrix signs, some inset within larger
fixed billboard faces and some independent [N=l2]). From these descriptions, it seems
that there were no LED-driven digital signs in this study, the type of sign increasingly
common in the U.S., and of principal interest in the present report.
As an indication of just how important it is to take note of individual differences, the
authors reported that one subject made a total of three glances for all 37 signs, and
another made 87 such glances.
The active (all but billboard) signs consistently received longer glance durations and a
greater than average percentage of total and long glances, whereas the billboard signs
received fewer than average such glances. And, although there were no significant
differences in either average glance duration or maximum glance duration for the
different sign types, the billboards received significantly fewer glances than any of the
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other three sign types. This suggests that drivers attended to the active signs longer,
possibly in anticipation of the next message to be presented. With a fixed billboard, of
course, the message will not change as a driver approaches it.
When only long-duration glances were considered (those longer than 0.75 second), the
authors found that 22% ofthe total glances were in this category. Of these 194 cases, five
(20%) lasted for longer than two seconds. The authors express concern that long glances
can pose a serious hazard in close following situations. Since 22 of the 25 subjects made
at least one long glance at an advertising sign, the authors conclude that "distraction ...
was not just an isolated incidence."
The authors compared their findings to several past studies that found that distraction
from advertising signs was no greater than other roadside distracters studied, and they
conclude that these other studies did not consider active signs as a separate category. The
authors suggest that their results demonstrate that active signs may result in greater
distraction than past studies of the effects of commercial signing might indicate.
The number of glances per sign per subject showed the greatest sensitivity to sign
characteristics. The three active sign types received significantly more glances per sign
than did the fixed (billboard) signs. The authors attribute this finding to the knowledge
that "human visual systems have evolved to be sensitive to movement in the periphery"
(p.6). They postulate that another possible cause of this finding is that the fixed
billboards, being an older and cheaper technology, may have been located in Jess
prominent locations than the active signs. In their efforts to explain why roller bar signs
captured so many glances when they are essentially fixed signs that are active only during
the period of transition from one message to the next, the authors cite anecdotal data from
individuals who "say they anticipate and watch for the change to a new
message/advertisement" (p.7) on such signs.
The authors' analysis of the angle of glance data indicates that proximity to the central
axis of a driver's vision, rather than actual distance from the driver's eye, was a major
factor affecting the attention given to a sign.
From the photographs accompanying the published article, it appears as if the
measurement of angular displacement from the driver's line of sight understates the true
angle. Whereas one would expect zero degrees to be aligned straight ahead of the driver
and within the vehicle's lane of travel, the viewing angle designated as zero degrees
appears to actually shift out of the driver's lane to the side of the road. This would have
the effect of understating the actual angular deviation from line of sight to a given sign.
The authors stated that the signs studied "were all of a similar size when viewed and
measured in a video taken prior to the study." Figure 1, however, suggests that this was
not the case. Further, some signs were considerably closer to the road edge than others,
suggesting that perceived size also must have differed. To the extent that size of a sign
(and the consequent size of the largest images or characters that may be displayed on it)
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might relate to the number and duration of glances made to it, further explanation would
be needed.
The authors did not identify or measure brightness, color, or contrast of the different
signs, or indicate how the fidelity of the displayed images compared. While these
characteristics might be considered more important at night or in inclement weather, and
this study was conducted only during daylight hours, such sign characteristics
nonetheless might have contributed to observed differences in glance response.
As discussed above, the authors found that longer glances were consistently made to the
three types of "active" signs than to the fixed billboards. This suggests that the study
participants were distracted by such signs for longer periods, possibly due to anticipation
of the next message to be presented, a condition that does not exist with fixed billboards.
The implication for digital signs is that the shorter the period of time for which a given
message is presented, and thus the more likely it is that a given approaching driver will
see one or more message changes, the more likely it is that a driver will glance at such a
sign for a longer period in anticipation of the next message to be displayed. Further,
digital billboards display some characteristics of both fixed, traditional billboards and the
types of active signs examined here. For example, a digital billboard may display a fixed
image to any particular approaching driver, but depending upon its message cycle time, a
driver may see one or more different displays. In this way, it is not unlike the roller signs
discussed in this study, and, depending upon the display duration and change interval,
digital signs may attract the same kind of attention expressed by some of the respondents
in this study. Finally, a digital billboard is likely to possess image brightness, color,
contrast, and image fidelity far higher than that achieved by any of the four sign types
examined by the authors in this study. While the implications of these technological
advances suggest that digital billboards would be more effective at capturing attention,
this remains an empirical question.

Smiley, A., Persaud, B., Bahar, G., Mollett, C., Lyon; C., Smahel,
T., & Kelman, W.L., 2005
After a previous study raised concerns about the number and duration of glances
made to video advertising signs along an expressway in Toronto, Ontario, Canada, the
City government requested this follow-up study. It included five components:
I. Drivers' eye movements were recorded as they drove past video advertising
signs at three downtown intersections and along an urban expressway. Several
questions were addressed, including: Do drivers look at video advertising signs; if
so how often and for how long? Do these glances come at the expense of glances
at traffic related targets?

2. Traffic conflicts were analyzed at two of the intersections, comparing the
approach where video signs were visible to the approach where they were not.
The question addressed was: Is there an increase in conflicts (that might indicate a
lower level of safety) on approaches where video signs were visible?
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3. Traffic speeds and headways were measured on the urban expressway before
and after the installation of the video sign and on a control section in which no
video sign existed. This addressed the question of whether speed variance and
short headways increased in the presence of the video sign.
4. Crash data were collected at the three intersections and one expressway
location before and after the installation of the video sign to address the question
of whether the presence of the video sign was correlated with changes in crash
patterns.
5. The public was surveyed at the three downtown intersections to learn about
public perception of video signs' effect on traffic safety.
Sixteen test subjects, aged 25-50 years, participated in Study 1. The study was conducted
in the summer months, during dry, daytime conditions, between 1-4 PM. Data included
recordings from 69 intersection approaches and 14 freeway approaches. The overall
findings are as follows:
1. Eye Fixations. All of the video signs attracted attention; the probability of a driver's
looking at such a sign upon approach to it was nearly 50%. (This compares to
percentages oftime looking at official traffic signs (76%), traffic signals and streets signs
(7%), and pedestrians who did not threaten conflict (6%). The average glance duration
was 0.5 second, similar to glance lengths for official traffic signs, although one-fifth of
the video sign glances lasted longer than 0.75 second, and some lasted as long as 1.47
seconds. Since the generally recognized range of minimum perception-reacting time
(PRT) of a driver to slowing traffic ahead is 0.75 to 1.5 seconds, glances of0.75 seconds
or longer were considered by the authors to be unsafe. About 38% of glances at the video
billboards were made when headways were one second or less and 25% took place when
the signs were more than 20° off the line-of-sight; these, too, were considered to be
unsafe acts. The authors note, however, that glances at static billboards and bus shelter
ads were made at even greater angles and shorter headways. No evidence was found that
glances at the video signs reduced the proportion of glances at traffic control devices,
although this data is not reported.
The authors discuss the one intersection video sign that was the most distracting as
measured both by the percentage of subjects who looked at it and the total number of
glances made to it. Surprisingly, this sign was visible for less time than the others studied,
was smaller than the other intersection signs, was mounted lower (closer to the driver's
line of sight), and was in a less cluttered environment, making it more conspicuous. It
was also farther from the driver's line of sight than the other intersection signs. The
authors describe it as having "less entertaining" content, although they do not discuss any
of the characteristics of its imagery such as its brightness, resolution or contrast. One
possible explanation for this seeming inconsistency can best be explained by a
comparison of the distracting effects of in-vehicle devices (e.g. entertainment systems) to
external-to-vehicle sources (such as the DBBs of interest in this paper). As discussed
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elsewhere in the present report, one key difference between these two types of distracters
is that, to a large extent, a driver may choose when to divert his attention from the
roadside to engage with in-vehicle devices, but can attend to the external distracters only
when these are visible to him. In other words, if the momentary task demands on a driver
are high, that driver may postpone (or cease, if already begun) his interaction with the
non-essential in-vehicle technology. But a billboard, electronic or not, is in a fixed
position and, like a call to a driver's mobile phone, the distraction occurs independent of
the momentary degree of demand on the driver as the sign is approached. If that billboard
is highly attention getting or highly salient to a driver, that driver does not have the
luxury of postponing his gaze at the sign; the window of opportunity to view the sign is,
in essence, "now or never." And, as reported by Smiley and her colleagues (2004), some
drivers will divert their attention from the road for long periods oftime despite the task
demands that they may be facing. Applying this analogy to the unexpected results found
for this particular video sign, it is possible that drivers paid more attention to this sign
precisely because it was visible to them for less time than the other video signs studied,
and therefore provided approaching drivers with a shorter window of opportunity to
attend to it once it had captured their attention.
2. Conflicts. The authors looked at the video approaches to two of the intersections to
evaluate whether traffic conflicts increased. Conflicts may be seen as indicators of
potential crashes, and are increasingly used by traffic safety researchers as surrogates for
actual crashes. Conflicts typically examine the kinds of behaviors that are thought to
contribute to crashes. In this study, the authors looked at: braking without cause,
unwarranted lane deviations, and delayed start-up on green. For five of the six sets of
observations (three types of conflicts x two different intersections), no significant
differences were found between the video and non-video approaches. However, at one of
the intersections, the authors reported a statistically significant increase of drivers who
applied their brakes without cause on the video approach. Since the authors chose
intersections that had comparable speeds, geometries, and pedestrian activity for the two
approaches, they state: "the only reason that could be found for increased braking ... was
the presence of the video sign" (p. I 08).
3. Headway and Speed. Headways and speeds were assessed for the single video sign
located on the freeway. Data for these measures was captured from in-road traffic
detectors in both northbound (sign visible) and southbound (sign not visible) directions.
The results were inconsistent and inconclusive.
4. Crashes. For the three urban intersections, total crashes, injury crashes, and rear-end
crashes were studied. Crashes were studied before and after the video signs were erected,
and in both the sign visible and sign not visible directions. In the aggregate, there was a
non-significant increase in injury crashes and rear-end crashes in the video approaches, as
well as a negligible increase in total crashes. When the three intersections were evaluated
individually, two demonstrated increases in both total and rear-end crashes; the third
showed a non-significant decrease in such crashes. The authors state that the lack of
statistical significance may be due to the small numbers of crashes identified. For the
freeway environment, crash data on the video approach were compared to crash data for
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three different non-video approaches, one of which was deemed the most comparable
segment. On this comparison, the authors report a negligible increase in injury collision
crash frequencies on the video approach.
5. Public surveys. A total of 152 persons were surveyed at the three studied intersections.
65% of the respondents felt that video advertising signs had a negative effect; 59% said
that, as a driver, their attention is drawn to such signs, and 49% of those felt that such
signs had a negative effect on traffic safety. The authors were surprised to learn that a
large number (9 out of the 152 respondents) stated that they personally had experienced
near-crashes, and two had experienced actual rear-end crashes that they associated with
video advertising signs. 86% of the respondents suggested that restrictions should be
placed on such signs; especially location restrictions (not on highways and not at
intersections) and restrictions on brightness levels at night.
In discussing their results, the authors point to an earlier study (Beijer, 2002), discussed
earlier in this section, that evaluated a video advertising sign along a different highway in
Toronto, and produced dramatically different results. The earlier study found five times
the number of glances per subject than did the present study, and three times the glance
duration. The authors attribute these differences to the longer sight distance available for
the sign previously studied, the uninterrupted view, and the location of this sign on a
curve so that it appeared close to the center of an approaching driver's line of sight.
From the single figure included with the report, it appears that the video signs at the three
urban intersections were rather small and inconspicuous (sign sizes and dimensional
relationships to the roadway are not given). Even given the constraints of image
reproduction in the published paper, the exemplar video sign shown was difficult to
identify without a circle drawn around it by the authors. In fact, several much larger and
more prominent advertising signs were visible in the photograph - signs that were not
included in the study. It is not known whether the subject video sign shown in the
photograph, and the complex urban environment in which it appears, was representative
of all three intersections studied, but at this intersection, at least, it is possible that the
presence of larger and more distracting signs might have competed with the studied video
sign for an approaching driver's attention.
The single freeway sign studied is described as the only commercial sign visible to
northbound traffic. It is further stated that the driver's view of this sign is intermittently
obstructed by buildings and overpasses, and that the best visibility occurs during a 5-7
second period before the driver passes the sign. Although data is provided to indicate
visibility and legibility distances to each sign, no indication or operational definition is
provided as to how these distances were determined. (Given the continuously changing
nature of images on a video display, legibility distance would likely vary with changes in
the displayed font and letter sizes). In addition, the visibility and legibility distances for
the freeway sign excluded times when the sign was obscured from view upon approach,
thus suggesting that these distances were discontinuous. It is not known how this
discontinuity might have impacted drivers' efforts to view and read the sign as they
approached and passed it.
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The authors selected their three urban intersections to be similar in speeds, pedestrian
activities, and geometry for the video and non-video approach to each. However, this
study was conducted in an urban area, and if Figure 1 is representative of the types of
intersections studied, there were likely many more potential differences in the built
environment that might have contributed to different driver behavior (at the detailed
performance levels measured) independent of whether such drivers could or could not see
video signs as they approached the studied intersections. This serves as an indication that
caution is required when collecting performance data in the real world, because it is
rarely possible to recognize, no less control, all possible variables that could have a
meaningful effect on performance.
The choice of traffic conflict measures to study is always somewhat subjective. Of the
three measures used by these authors, one might question whether other behaviors might
have proven more sensitive, or whether the measures chosen might have been
confounded by factors unrelated to the video signs under study but more related to
characteristics of the urban environment.
Regarding crashes, although statistical significance was achieved in only one measure
(rear-end crashes at two of the three intersections in the video approach), seven out of the
nine measures taken demonstrated higher numbers of crashes for the video than for the
non-video approaches. While these data may point to the contribution of such crashes by
the presence of video signs (the lack of significance was attributed by the authors to small
data sample sizes), they also point to the difficulty of using crash statistics to study
causation. There are many reasons for this. For example, the authors provide no
information about how the crash data were reported, obtained, or analyzed. They indicate
that they reevaluated one of the intersections because they believed that, due to the
placement of the video sign on this one approach, drivers might have seen it earlier than
in other cases, and the authors felt that they needed to adjust the location at which they
began to collect crash data. While this did not change the results, it suggests just how
many subtle and non-controllable factors may influence crash data analysis. Similarly, for
the freeway crash analysis, the authors found it difficult to identify comparable sections
for the video and non-video approaches. Differences in roadway geometries, driver task
demands, and other factors all contribute to the difficulty in interpretation of their
findings.
Although the authors provide little information about the actual questions asked, the
results of their public survey suggest that drivers and pedestrians are concerned about the
safety impacts of video advertising signs, particularly at intersections and on highways,
and about excessive brightness at night. Although such findings are clearly subjective, a
more complete description of the questions and responses would have assisted the reader
in gaining more insight into the respondents' opinions.
The authors, during a brief discussion of the results of an earlier study conducted with a
different video sign on a different Toronto area highway, highlight the difficulties facing
researchers' abilities to conduct definitive studies of this subject. They state: "Clearly,
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some video signs are more distracting than others." While this would appear obvious, it
carries with it the concern that there can be no "one size fits all" solution with regard to
sign design or operation or with the regulation and control of such signs. It does remind
us, however, that there are certain characteristics of sign design, operation, and placement
that can be generally understood to contribute to greater distraction and inattention, and
that sign operators as well as highway authorities should concentrate on these factors in
their efforts to ensure the highest levels of traffic safety in the presence of roadside
advertising signs.
It bears repeating that this study evaluated signs that display full-motion, real-time video,
something that is prohibited on most billboards in the U.S. although, not, significantly, on
on-premise signs. Whereas video advertising might be expected, a priori, to be more
distracting than fixed message signs, the many variables involved in sign design,
operation, and location, make this an empirical question.

The condnct of well controlled, objective studies in this field is notably difficult; it is
nearly impossible to find any published study without methodological, analytical or
statistical flaws, and devoid of the kinds of real-world variability that makes each sign
location different, and contributes to the challenge of conducting definitive research. This
study is notable because it includes several different research approaches, including:
driver eye movements, traffic flow as measured by speed and headway data, conflicts and
crashes, and public opinion. Nonetheless the authors identify several aspects of their
study that, because of sample size limitations, roadway geometry incompatibilities, urban
environment differences, and even sign size, placement and display properties, made
comparisons difficult.
Even though non-video digital billboards were not studied or addressed, several of the
findings suggest issues to consider when addressing the potential safety implications of
such DBBs. Long sight distances, horizontal curves, and proximity to the road shoulder
all suggest higher levels of concern for safety, as do signs at intersections and those that
are bright at night. These findings are consistent with results obtained in studies dating
back more than 50 years.
This study, as is true for most such investigations, took place during dry weather in
daylight conditions, in which driving task demands are likely to be lower than might have
been found in the same settings at night or in inclement weather. During day light
conditions, even the brightest signs do not "stand out" from their surroundings as the
same signs might do at night and in poor visibility conditions. Since many of the
complaints about digital billboards concern their night-time brightness levels (especially
when compared to their surroundings), and since inclement weather adds to the driver's
cognitive demands, it would be worthwhile to conduct research into the safety aspects of
these signs under such "worst case' conditions, since that is what highway designers,
traffic engineers, and human factors experts, must design for.
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Klauer, Neale, Dingus, Ramsey, & Sudweeks, 2005
This paper, one of several to emerge from the large-scale project known as the
"I 00-Car Naturalistic Driving Study," provides preliminary information about the role of
driver inattention in crashes and near-crashes.
The authors discuss the generic limitations of most human factors and traffic safety
research that rely upon epidemiological (crash) data or experimental approaches (e.g.
simulation, instrumented vehicles); specifically that such studies cannot provide a direct
linkage between the types and extent of distraction and a resultant crash or near-crash.
Epidemiological studies are constrained by the limited extent and detail of information
contained in post-hoc police accident reports which, in tum, are limited by the
truthfulness or recall of an involved driver, and by constraints of police time, training,
and departmental policies; whereas experimental studies are often limited by restricted
sample sizes, an inability to control for extraneous variables, and a necessary reliance on
surrogate measures of crash risk, such as speed and lane variation, hard braking, and
steering reversals. The 100-Car Study, in contrast, equipped that number of vehicles with
sophisticated and unobtrusive instrumentation packages, and placed them in the hands of
volunteer drivers for months at a time. These drivers were to use the vehicles however,
whenever, and wherever they wished, without constraints and without the presence of an
investigator or observer in the vehicle at any time. Data captured by the vehicle's hidden
instruments was uploaded periodically to remote computers when the vehicle was parked.
With these controls in place, the I 00-Car Study met the researchers' operational
definition of naturalistic: "Unobtrusive observation. Observation of behavior taking place
in its natural setting" (Klauer, et. al., 2006a, p.xv). Of course, this naturalistic method has
disadvantages of its own; primary among them is the inability of the researcher to control
potentially important variables that may influence the behavior of the participants. As one
example, it is unlikely that all participants will pass the same billboard under similar
road, traffic, and weather conditions, or that such drivers will be in a similar state of
health or alertness at the time.
The results of this phase of the larger study showed that 78% of all crashes and 65% of
all near crashes listed driver inattention/distraction as a contributing factor, a much larger
contributor, by a factor of three, than previous research had suggested. (Crash database
research, for example, suggests that distraction is a factor in approximately 26% of
crashes). The authors conclude that the 100-Car Study provides the first direct link (i.e.
without reliance on surrogate measures) between distraction/inattention and crash
causation. Because of the enormous volume of data from the study, it will be left to
future analysis to determine the types of inattention most highly associated with crash
risk, as well as specific characteristics of inattention events such as long glance durations,
following too closely, environmental factors, etc.

Klauer, S.G., Dingus, T.A., Neale, V.L., Sudweeks, J.D. &
Ramsey, D.J., 2006a.
This is one report of several that have been presented and/or published from the
"100 car naturalistic driving study." This seminal study, and the data that it has
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generated, has become a landmark in the assessment of road safety and driver behavior,
made possible by advanced, miniaturized data recording technologies that have only
recently become widely available. (As this is written, preparation is underway for. a
greatly expanded follow-up study using this methodology). The authors describe a
naturalistic study generally as one of unobtrusive observation of drivers in vehicles, in
which their behavior is observed (by video cameras) and recorded (by multiple
instruments) as they drive normally over an extended period of time. Although the
cameras and recording devices were discretely mounted within each of the 100 vehicles
driven, these studies are not completely "unobtrusive" in the classical definition of
behavioral studies, because the volunteer drivers were aware of their existence.
Nonetheless, the study participants used these vehicles daily for their normal routines,
over a period of 18 months, and clearly paid little attention to the presence of the onboard
recording equipment over time.
This particular project report focused exclusively on driver inattention and its
contribution to incidents including crashes, near-crashes and conflicts. Data from crashes
and near-crashes were grouped together because it was found that the "kinematic
signatures" of each were similar, and using both served to increase the statistical power
ofthe analysis. The data used for analysis was taken directly from the measurement of
driver inattention in the five second period immediately prior to a crash or near-crash.
For purposes of this study, the authors defined driver inattention as one of four different
behaviors: (a) driver involvement in secondary tasks (i.e. tasks irrelevant to the primary
driving task); (b) drowsiness; (c) driving-related inattention to the forward roadway; and
(d) non-specific eye glance away from the forward roadway. We have some concerns
with the authors' operational definition of inattention, for several reasons. First, their
definition differs somewhat from definitions of inattention used in other studies. For
example, there is no behavior identified here that might be considered "daydreaming"
(difficult as that might be to identifY), yet this activity is often considered to be a type of
inattention. On the other hand, most definitions of distraction identifY it as a type of
inattention that is triggered by some specific event or activity- thus the involvement in
secondary tasks, considered inattention here, might be considered distraction elsewhere.
Finally, the behavior called "driving-related inattention to the forward roadway," is often
considered to be a positive, or appropriate behavior, as discussed below. We also note
that some of the same authors, in another report from the 100 car study, use the term
distraction interchangeably with inattention (Klauer, eta!, 2005).
Among the principal findings were that driving while drowsy increased a driver's nearcrash/crash risk by four to six times over the baseline, and engaging in secondary tasks
increased this risk by two times for "moderate" secondary tasks, and by three times for
"complex" secondary tasks. These findings, of course, are not directly relevant to a study
of distraction from roadside billboards, but are reported here because they are
representative of behaviors often associated with driver distraction. The study further
found that "driving-related inattention to the forward roadway" was safer than normal
driving- but when this behavior is defined, this finding becomes more plausible. This
behavior was characterized by the experimenters as including actions such as checking
the rear-view mirror, side view mirrors, vehicle instruments, and other traffic through the
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vehicle's side windows or the sides of the windshield. As the authors state: "drivers who
are checking their rear-view mirrors are generally alert and engaging in environmental
scanning behavior" (p.x). Thus, it is somewhat puzzling that the,. authors chose tO' includ'e
these behaviors together with other distracters.
Little discussion is provided for the category of most interest to the question of roadside
billboards as sources of distraction. Indeed, in their comprehensive listing of all sources
of distraction that were categorized in the study (all identified under "secondary tasks" in
Appendix A), there are five behaviors identified under the heading of"extemal
distraction." These include specific items (presumably easily identified from the video
logs) such as looking at a previous crash or highway incident, looking at a pedestrian or
animal outside the vehicle, or looking at a construction zone. There is only one, nonspecific, behavior included in this category that might include roadside billboards. This is
described as: "driver is looking out of the vehicle at an object of interest that may or may
not pose a safety hazard. Objects may or may not be in the forward roadway" (p.134). No
further description is provided for this fourth category of distracters.
The findings demonstrated that drowsy driving was a contributing factor in 22-24 percent
of crashes and near-crashes during the study, and that secondary-task distraction
contributed to more than 22 percent of all crashes and near-crashes. In total, the study
found that inattention contributes to more than 45 percent of all crashes and near-crashes
that occur in an urban environment. Specific findings for individual secondary task types
identified the following categories as indicating a "higher individual near-crash/crash risk
when a driver engages in these activities." These specific secondary task types were:
"reaching for a moving object, looking at an external object (i.e., long glance), reading,
applying makeup, dialing a hand-held device, and eating" (p.34).
This report, part of a much larger study, is comprehensive and data rich. It provides a
breakthrough in research methodology that overcomes many of the limitations of
previous research. It is, however, time consuming and expensive to conduct, necessarily
limited in the number of subjects who can participate because of the costs and
commitments involved, and it presents an enormous amount of data that can provide
nuanced results but can be difficult and time consuming to reduce and evaluate.
With regard to the potential for distraction from DBBs, the authors report one finding of
direct relevance. They state:
The analysis of eye glance behavior indicates- that total eyes-off-road durations of
greater than 2 seconds significantly increased individual near-crash/crash risk
whereas eyeglance durations less than 2 seconds did not significantly increase risk
relative to normal, baseline driving. The purpose behind an eyeglance away from
the roadway is important to consider. An eyeglance directed at a rear-view mirror
is a safety-enhancing activity in the larger context of driving while eye glances at
objects inside the vehicle are not safety-enhancing. It is important to remember
that scanning the driving environment is an activity that enhances safety as long
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difficult to ignore, and thus dynamic billboards are ill-advised. In the past, different levels
of government have employed their own guidelines for the placement of billboards along
the roadside; unambiguous guidelines are advisable.
This report summarizes and extrapolates frotn prior research, most of which has been
discussed in greater detail elsewhere. As might be expected from such a summary, the
report reinforces some of the stronger, more consistent points made in several studiesbillboards should not be placed near challenging road settings, especially at or near ·
intersections, and should not resemble official traffic signs in pattern or color. Further,
dynamic signs which display motion or include moving parts should not be permitted.
However, while it acknowledges the weaknesses of past accident studies and recognizes
the difficulties of conducting such studies in the future, the report makes some
questionable suggestions about methods for performing future research. The three types
of studies suggested have all been attempted in the past, some with greater success than
others, but all suffering from some degree of methodological weakness that causes
concern about the validity of their findings. By following the suggestions for future
research contained in this report, it is possible that some of these past weaknesses will be
repeated.
Because this was primarily a report to summarize and interpret the results of other
research and to apply it to the Dutch experience the relevance of this study to our concern
about DBBs in the United States is somewhat low. For example, there is no discussion of
brightness, display technologies, or message change intervals, and so it offers little
applicability to issues related to digital billboards. Nonetheless, this report reaches similar
conclusions to other studies in its recommendations to avoid placing billboards near
intersections or what the authors call "busy traffic spots," to avoid dynamic or moving
billboards, and to prohibit billboards that may be confused with official traffic signs or
signals. One principal contribution of this report is its discussion of the billboard
regulatory policies in The Netherlands, which may be useful for comparison with policies
in other countries and their local jurisdictions.

Road Safety Committee, 2006
In 2005, the Road Safety Committee of the Parliament of Victoria, Australia was
tasked with investigating all aspects of driver distraction and producing a series of
recommendations to the Parliament for dealing with this growing concern. Their
comprehensive report was published in 2006. The report addressed: methods to define
and measure distraction, sources of distraction, laws and enforcement issues, vehicles of
the future, and long range approaches to address the problem. One chapter addressed
"road signs and advertising," and that is the focus ofthis review. It should be noted that
this was not a research project, but rather a compilation of knowledge obtained from
numerous sources (research, Government reports, focus groups, specific submissions to
the committee's inquiries, etc.) world-wide. The reporting of these reviewed sources was
not critical or comprehensive, but was well focused on the specific topics of concern.
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with what they call transient hazards, such as changes in traffic density, path intrusion
from another vehicle, or a pedestrian crossing the driver's path from between parked cars.
Transient hazards cannot be predicted in time or location. Because such unforeseen
events can directly influence a driver's probability of an accident, "if attention is
distracted by an advertisement during the onset of a sudden (transient) hazard, the chance
of an accident occurring will increase" (p.672). · Knowing that roadside advertisements do
attract driver's attention (as per Hughes and Cole, 1986, and others) and that drivers'
glances at such advertisements may be made under unsafe conditions such as short
headways (as per Smiley at al., 2004), the authors set out to determine whether SLAs or
RLAs tend to attract more attention when drivers are looking for hazards.
The most relevant environmental (including traffic and roadway) information important
to hazard detection is distributed primarily along a horizontal plane, with the straightahead view (the focus of expansion) at the center of this distribution. As a result, as the
authors have demonstrated in prior research (Chapman and Underwood, 1998), the
majority of visual fixations will fall within a horizontal window when the driver is
looking for driving-relevant information, including potential hazards.
These earlier findings lead to their belief that, if an advertisement is located within this
"horizontal window of inspection" it will receive more fixations than will other
advertisements. Although such fixations on the advertisement may be immaterial to
safety when the driver has spare attentional capacity, those fixations that occur during a
visual search for hazards and other driving-relevant information are likely to be
unintentional and may distract the driver and serve to interrupt this critical visual search
activity.
The principal research hypotheses tested, therefore, were that, during high demand
conditions, when drivers were primed to look for hazards, SLAs would receive the most
attention, whereas during periods of reduced demands, when spare capacity was greater,
the attention given to RLAs would increase.
·
The study was conducted in a laboratory, where participants viewed video clips that had
been previously recorded from the dashboard of a moving car. Of 34 clips created, half
included SLAs and half depicted RLAs. All were essentially equal in size (1.8m x !.2m),
and all were filmed during daylight. The clips ranged from 42 to 61 seconds in duration,
and the time when an advertisement first appeared within each clip was randomized. The
clips were projected onto a screen 2m in front of the participant and subtended a visual
angle of33° x 27° horizontal. Participants' eye movements were recorded and
superimposed on the video for analysis. Two different test conditions were established
via the instructions given to the participants. In the "hazard group" the participants were
instructed to concentrate on the hazardous nature of each video clip. In the
"advertisement group" participants had less emphasis placed on the hazard perception
task and, in addition, were told to watch out for advertisements that they might pass. The
intent of the instructional set was to create differences in the task demands during visual
.search- high demand when scanning for hazards; lower demand when still looking for
hazards but also attending to irrelevant stimuli.
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analyzing the tails of the distribution for the same experimental data, however, the
authors found very large differences, and these differences had implications for hazard
response time and, therefore, crash potential. As a result of their findings, the authors
revised a crash risk model that they had previously proposed. The revised model has not
yet been validated due to a lack of data, but the results from this study demonstrate its
viability.
With regard to our interest in the potentially distracting effects ofDBBs, this revised
model bears direct relevance. Based on the findings of recent studies (Smiley, et a!.,
2004; Wierwille, 1993; Klauer, eta!., 2006a) we have reason to believe that when a
driver takes his eyes off the road for a certain extended period (0.75 second, 1.6 seconds,
or 2.0 seconds, respectively), he has a much higher crash likelihood than would be
expected from distractions of shorter duration. Thus, in future studies of driver response
to DBBs, we should be looking, not only for mean values of the number and duration of
glances at such signs, but at the greatest number and longest duration glances, values
which are found at the tails ofthe data distributions. As stated above, the recent study by
Chan and her colleagues (2008), discussed below, has made use of this methodology.
And the industry -sponsored study by Lee et al. (2007), discussed in Section 3 of the
present report, reconunended this approach to data analysis, and collected data that
supported such an analysis, but did not actually perform this tails analysis on maximum
glance duration, a key measure in the understanding of distraction from DBBs ..

Clark and Davies, 2007
The purpose of this study was to investigate how a driver's reaction time to
driving relevant information was affected by different levels of out-of-vehicle distraction,
and whether these impacts were related to a driver's level of expertise.
The study was a laboratory simulation in which participants (54 college students, half
male and half female, with three different levels of driving experience) responded to
official road signs in the presence and absence of distracter signs. There were four types
of each sign. The principal driving task was to use the simulator's steering wheel to keep
a crosshair in the center of a target that followed the road curvature. The response task
was to tap the brake pedal as quickly as possible in response to the appearance of one of
the official road signs, which were selected from the UK Highway Code website
(http://www.highwaycode.gov .uk).
We had a number of concerns with the design and execution of this study, most of which
are acknowledged by the authors. One concern that was not addressed is that the road
sign stimuli could appear in any one of 10 different positions on the display screen, a far
different case than exists in the real world. A second concern is that each stimulus (both
road sign and distracter) appeared suddenly on the screen and remained visible for
exactly two seconds. In the real world, signs appear in the distance, often before they can
be read, and become clearer and larger as they are approached. In this study, the sudden
"on" and "off' appearance of signs of interest might well have influenced participant
behavior in ways that would not occur on the road. Further, in the four "load" conditions
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(no load featuring no distracters, low load with three, high load with six, and "overload"
with ten), all of the distracter signs, as well as the target official sign, were presented at
the same time, around the perimeter of the display. Responses to this rather unrealistic
display might not translate very well to the real world in which signs appear in fairly
limited and well defined locations, and in which they appear at different times and for
different intervals. Nonetheless, the study produced some interesting findings; findings
which are quite consistent with the results of other studies employing very different
methodological approaches, and discussed elsewhere in the present report. Whereas
driving expertise had no influence on response (reaction time to the simulated road
stimuli), the number of distracters did. Specifically, a significant increase in reaction time
was found between the no distracter condition and the two highest distracter conditions,
although there was no significant difference between the no-load and low-load
conditions. There was, however, a consistent increase in reaction time to the road signs as
load from distracting stimuli increased, suggesting that the higher loading driving tasks
(as represented by the number of advertisements visible) were "detrimental to road
safety." The implications of this study are that advertisements should be kept to a
minimum at busy junctions and areas where drivers need to concentrate" (unpaginated).

Lee, McElheny, & Gibbons (2007).
This paper is discussed in Section 3, "Industry sponsored research."

Perception Research Services (2007)
This paper is discussed in Section 3, "Industry sponsored research."

Shinar, 2007
In his recently published, comprehensive book on the human factors of traffic
safety, Shinar devotes a chapter to distraction, its definitions, causes, and effects, and a
section within this chapter on distraction from road signs and billboards.
The author poses a paradox that has confronted researchers in this field for many years.
Because roadside commercial billboards, particularly the latest digital billboards, are
specifically designed to attract a driver's attention (and billboard owners and operators
tout their success at doing so in their promotions to potential customers), we would
expect them to be a significant source of distraction. Indeed, as discussed elsewhere in
the present report, numerous studies have shown that drivers do direct their gaze to
billboards as they drive. Yet several studies have demonstrated that despite drivers'
glances toward billboards, there has been little observed adverse impact on driving
performance. In an effort to better understand this paradox, Shinar and his colleagues
conducted an on-road study using 16 experienced drivers and an instrumented vehicle.
The route took the participants past a large, attention-getting billboard in one direction
and then followed the same roads in the opposite direction from which the billboard was
not visible. A camera hidden below the vehicle's rear-view mirror recorded the
participants' direction of gaze. Results showed that drivers looked to the right (in the
general direction of the billboard) 23% of the time when the billboard could be seen, but
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only 10% of the time when the billboard was not visible to them. Drivers' time spent
looking forward at the road and traffic was effectively the same regardless of whether or
not the billboard was visible. Shinar believes that the billboard attracted the drivers' spare
attentional capacity that might otherwise have been spent looking at other objects equally
irrelevant to the driving task. He concludes: "Thus, drivers were able to allocate a
significant amount oftheir attention to the sign but they did not do that at the expense of
the attention that they allocated to monitoring the road and traffic" (p. 528).
Shinar's discussion suggests that drivers are willing and able to devote their attention to
billboards when their task demands are low, and when the billboard provides greater
interest than other roadside objects, but that, as their cognitive demands increase, drivers
will devote less attention to these roadside distracters. Other studies, and the billboard
industry, have suggested the same thing. And this may well be the case for some drivers,
some of the time. But this begs the real question. Because of the considerable expense of
new, digital billboards, they tend to be placed only in areas with high traffic volumes. In
addition, because advertising space (and, with digital billboards, time) is sold to
advertisers based on the number of eyes that will pass the billboard each hour or each
day, such billboards tend to be located where they can be seen by the greatest possible
number of drivers. This explains why billboards are often placed near highway
interchanges and along horizontal curves where they can appear directly within the cone
of vision of approaching drivers for extended distances. Thus, DBBs tend to be located in
areas where task demands are likely to be high, and, billboard owners claim, (and present
data to show), they attract the gaze of large numbers of drivers.
Conducting the kind of research that would be necessary to prove that drivers attend to
billboards when they have spare capacity, and concentrate on the road when they do not,
is a challenge that, to our knowledge, has not yet been undertaken. We do know,
however, that several recent stndies (e.g. Smiley, eta!. 2005; Lee, eta!. 2007; and Chan,
et a!., 2008) have produced data showing that some drivers attend to billboards for
extended glance durations that have been shown, in other stndies (e.g. Klauer, eta!.,
2006a) to be unsafe. To date, however, only the Chan, eta!., stndy controlled for and
reported on the task demands that their participants faced while engaging in these glances
toward external distracters. Further, we know of only one study (Lee, et a!., 2007) that
collected data on drivers passing DBBs at night, when such signs can be most
conspicuous (because of their location, size, and brightness), and may be most likely to
cause high levels of distraction. Although their data was preliminary and based on only a
few participants, Lee and her colleagues showed that DBBs, as might have been
predicted, captnred more and longer glances at night than other roadside distracters, and
they have suggested that, had a full study (rather than the pilot study that they performed)
been conducted, these differences might have reached statistical significance.
Also, we must recognize that not all drivers are willing or able to safely switch their
attention from roadside distracters to the driving task itself when needed. In particular,
younger drivers, not yet sufficiently skilled to understand risky sitnations, and older
drivers who may be more easily distracted and who are typically poorer than their
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younger cohort at quickly shifting attention, may be particularly at risk under such
circumstances.
Finally, although accidents are (thankfully) rare events, they are, by definition,
unexpected. As Shinar states: "One way to reduce the effort involved in driving, is to
estimate the amount of attention that is required and then allocate to the driving a portion
of our capacity that is somewhere between the minimum required and the maximum we
have .... The problem we encounter in driving is our inability to anticipate many of the
rapid changes in the amount required- as when a driver ahead of us suddenly and
unexpectedly brakes" (p. 518). It is precisely this difficulty that leads traffic safety
experts to be concerned about the compelling power to distract a driver when it is always
possible that such distraction cannot be tolerated at the moment it occurs.

Tantala & Tantala (2007).
This paper is discussed in Section 3, "Industry sponsored research."

Young, M.S., & Mahfoud, J.M., 2007
This well controlled, well documented study includes excellent summary of the
literature, and particularly the most recent literature. It employed a fixed-base, interactive
driving simulator with a 60° forward field of view (FOV) horizontal, and a 40° FOV
vertical. Forty-eight participants drove three simulated routes in either the presence or
absence of four roadside billboards. The routes consisted of3.0 miles of urban driving,
5.7 miles ofmotorway driving, and 2.8 miles of rural driving. All participants
experienced all six conditions, the order of which was counterbalanced across
participants. Participants were not told the purpose of the study, but were asked to drive
as they normally would, and to maintain the posted speed as closely as possible. The
typical run lasted between five and six minutes.
The independent variable was the presence or absence of billboards. Billboards were
fixed (static) signs, three on the left side ofthe road and one on the right. The billboards
were placed into the route at semi-random locations, ensuring that they were spaced apart
at relatively equal distances, and that they did not cover, nor were covered by, other road
signs. Since it appears as if all runs were conducted under simulated daylight conditions,
lighting of the billboards was not considered.
Dependent variables included those to evaluate driver performance and attentional
factors. Longitudinal control was assessed by time to contact (TTC). Lateral control was
assessed by the number of lane excursions, and time out of Jane; the metric used for this
determination was not specified. Only left edge excursions were recorded and analyzed,
since right lane excursions could have been indicative of intentional passing maneuvers.
(The study was conducted in the UK, where vehicles drive on the left). Total crashes
were also recorded.
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Driver attention was assessed in several ways. Mental workload (MWL) was measured
through the NASA-TLX scale, given to each participant at the end of each run.
Participants were also asked to recall the last road sign that they passed, and, when
present, the last billboard. Driver eye movements were also recorded, and provided data
on number of glances and glance durations.
The study found that the presence of billboards adversely affected driving performance in
terms oflateral control and crashes. Longitudinal control was not adversely affected.
These findings would suggest an increase in side-swipe crashes vs. rear-end crashes, but
no information is provided as to the types of crashes found. The presence of billboards
also had an adverse impact on driver attention in terms of the number of glances made at
billboards. This finding is consistent with earlier work by Wierwille who noted that
drivers respond to the demands of in-car tasks by altering their attention such that they
made more short glances. The presence of billboards was also associated with higher
subjective mental workload. In addition, the recall of road signs was adversely affected
by billboards on the motorway and rural routes. The authors interpreted this finding to
mean that drivers were attending to billboards instead of relevant road signs under these
conditions.
The authors conclude with a "persuasive overall conclusion that advertising has adverse
effects on driving performance and driver attention" (p.l8).
Because this was a simulator study, it represents the expected strengths (full control over
independent variables, assurance that all participants experienced the same conditions,
etc.) and weaknesses (artificiality of the visual environment, two-dimensional
representation of three-dimensional space, etc.) of this technology. Simulator limitations
may be of particular concern when studying DBBs because the signs being investigated
require high visual fidelity of both the stimuli and the environment in which they are
located. In addition, the simulator used in this study was limited to a 60° horizontal and a
40° vertical field of view. It is possible that a wider field of view would have yielded
different results, in that the field of view might have better represented a driver's
scanning behavior while driving.
Although the report depicted examples of the official signs and billboards used, it would
have been helpful for the authors to have included a chart showing all signs that were
used together with more details about their sizes and placements. As written, important
issues such as sign and billboard size, distance from the road edge, and elevation, are
unknown. Although the authors kept track of crashes that occurred (they did not perform
any statistical analysis of crashes due to low absolute numbers [8]), they did not indicate
whether or not the crash characteristics were consistent with driver distraction or
inattention. Thus, it is not possible to know whether crash types were correlated with the
findings of lateral and longitudinal control.
The study examined only traditional, fixed, billboards; electronic or digital billboards
were not analyzed. Thus, the direct relevance of its findings to DBBs cannot be assessed.
As suggested above, we believe that simulation may not be the ideal methodology to

64

study EBBs because it is difficult, if not impossible, to faithfully reproduce the visual
characteristics of such signs (brightness, depth and fidelity of the graphic image) in the
simulation environment due to limitations on the graphics processing capability of most
simulation systems. Indeed, even in today's most sophisticated driving simulators, it is
necessary to design signs that are oversized in order to realistically represent sight
distances at which the messages on such signs can be read in the real world, and the
complexity of the real world visual environments in which DBBs are most likely to be
found remains a challenging task to recreate in simulation.

Chan, Pradhan, Knodler, Pollatsek and Fisher, 2008
In an important new study on this issue, Chan and her colleagues review the
literature on driver distraction caused by both in-vehicle and external-to-the-vehicle
events, and report that distraction has increasingly been shown to be a particular problem
among young, novice drivers. They cite a recent Finnish study (Wikman, et a!., 1998)
which found that, although the average duration of distraction episodes did not differ
between experienced and inexperienced drivers, the distribution of such glance behavior
differed significantly between these groups. Only 13% of experienced drivers had
distraction episodes of at least 2.5 seconds, vs. 46% of the inexperienced drivers.
Similarly, none of the experienced drivers had distraction episodes of3 seconds or
longer, whereas 29% of the inexperienced drivers did (p. 8).
The purpose of their study was to compare the distribution of distraction episodes of
newly licensed and experienced drivers specifically for distracters external to the vehicle.
The authors were particularly concerned with the behavior of newly-licensed (16-17 year
old) drivers because this cohort presents greatly elevated crash risk, and because
extended episodes of distraction were thought likely to further degrade their
demonstrated poor hazard anticipation skills. And, although there is considerable
literature that addresses distraction of younger drivers from source.s and activities inside
the vehicle, there is no comparable literature for external to the vehicle distraction. The
authors theorize that the data for external distraction may well be different from findings
of internal distraction. They believe that this may occur, in part, because when drivers are
looking within the vehicle, it should be obvious to them that they are not processing
relevant roadway information; whereas, when a driver is looking at sources outside the
vehicle, whether an advertising sign, a street sign, or some other scene or object, it is
likely that the forward roadway is still somewhere within the driver's field of view, and
thus it may not be obvious to him (particularly if inexperienced) that this important
information is not being fully processed since it is peripheral, unattended, or both.
The authors review the extensive literature that demonstrates that objects that are not
fixated or attended to receive little cognitive processing, and that reduced attention
impairs the speed of identification of an object or even an event such as a change in
brightness. They cite a study by Muttart, et a!. (2007) that demonstrated that drivers are
slow to respond to a car ahead of them that has stopped slowly when they are performing
a simulated cell phone task, even when that task does not require any visual processing.
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In the present study, a total of24 participants, half male and half female, were divided
into a younger, inexperienced group (newly licensed drivers or those with Ieamer's
permits) and an older, more experienced group (at least five years of driving experience).
They drove a high-fidelity driving simulator along a five mile route that included both
urban and rural sections. Five in-vehicle and 18 out-of-vehicle tasks were used as
distracters. The latter consisted of a target search in which the participants had to search
for and indicate the presence or absence of a target letter in a 5x5 letter grid that appeared
on the side of the road. The grid simulated a sign 10 feet wide by 10 feet high, located
eight feet from the left or right road edge. When driving at the posted speed limit, a
participant would have been able to view the sign for 4.5 seconds.
Since the authors were primarily interested in the longest glances away from the forward
roadway (since these have been implicated in prior studies [see, for example, Horrey and
Wickens, 2007] as major contributors to crashes), they used as their dependent measure
the maximum time that drivers spent continuously looking away from the forward
roadway during a specific distraction tssk. They used the mean length of these maximum
episodes to compare their experienced and inexperienced drivers on the in-vehicle and
out of vehicle distraction tasks. The results were enlightening and somewhat surprising.
For the in-vehicle distracters they found, as they had anticipated, that there were
significant differences between the experienced (1.63 seconds) and inexperienced (2.76
seconds) drivers. None of the experienced drivers had average distraction durations'of
more than 2.3 seconds, but eight of the inexperienced drivers did. They also looked for
patterns in these distributions and found that the inexperienced drivers showed a
·
consistent pattern of looking away from the roadway for longer periods of time than the
experienced drivers. Finally, when looking at episodes of distraction lasting longer than
two seconds (the threshold of concern in some prior studies), they found substantial
differences. A highly significant difference of 20% of scenarios in which experienced
drivers looked away from the roadway for more than 2 seconds vs. 57% of scenarios for
inexperienced drivers added to the confirmation of their hypothesis.
For distraction external to the vehicle, the topic of most interest in the present report, the
data was very different, and very informative. The two most important differences from
the in-vehicle glance behavior were that: (a) there was very little difference in the
duration of distraction episodes between the experienced (3 .41 seconds) and
inexperienced (3.67 seconds) drivers on the outside-the vehicle distraction tasks, and (b)
the maximum episode distraction durations were significantly longer for the out-ofvehicle tasks (3 .54 seconds) than for the in-vehicle tasks (2.19 seconds). The two
experience cohorts also showed few differences in the percentage of distraction episodes
longer than 2, 2.5, and 3 seconds, in all cases longer for the external than for the invehicle distracters. These findings, the authors conclude, demonstrate that "drivers are
more willing to make extended glances external to the vehicle than internal to the
vehicle" (p. 17).
In discussing their results, Chan and her colleagues compare their findings to those of
Wikman et a!. who performed their analysis on-road. The data from the two studies is in
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strong agreement, and provides evidence to support the viability of using a driving
simulator to study driver viewing behavior. In reviewing their data on external distraction
and relating it to the earlier work of Klauer et al. (2006a), Muttart et al. (2007), and
others, these authors express concern that "it is likely that our out-of-vehicle tasks (which
not only engage attention but also draw the eyes and visual attention away from in front
of the vehicle) would have quite significant detrimental effects on processing the
roadway in front of the vehicle (p. 22)."

Lazarus,2008
As a result of the erection of four DBBs on major arterial roadways in Salem,
Oregon, one of which was visible to traffic on I-5, the Oregon Department of
Transportation (ODOT) and the City of Salem undertook a literature review to better
understand national perspectives on the issue and to assist local and State officials to
determine future actions that they might take. This review (Lazarus, 2008) was issued in
June, 2008. The concern that prompted the report is based on the premise that newer,
larger DBBs are clearer from greater distances than older billboards, and that their intent,
to relay advertising messages to the consumer, places them "in direct competition for the
attention needed to operate a motor vehicle" (p. 2). Lazarus expresses concern that, in
certain cases, DBBs installed in a city and intended for city arterials are also visible to
drivers on other nearby highways. This raises questions of the applicability of billboard
control laws governing different roads and operating under different jurisdictions.
Because these signs are larger and brighter than previous advertising devices, questions
are also raised about a driver's line of sight to the sign, and about the potential for
distraction.
Lazarus briefly reviews some of the relevant research in areas of traffic safety and current
regulations and guidance, He cites a web log which discusses some of the diverse
billboard laws and guidelines, and points out the lack of uniformity in controls that exist
from State to State (Webpavement WebBiog, 2005, cited in Lazarus, 2008).

Speirs, Winmi/1 & Kazi, 2008
On behalf of the Highways Agency (HA) of the United Kingdom, WSP
Development and Transportation prepared a report which addressed the relationship
between billboards and driver distraction (Speirs, Winmill & Kazi, 2008). The report
included a discussion of, but was not limited to, DBBs, and investigated the issue from
multiple directions:
A review of policies and guidelines on outdoor advertising in place at various
local and national agencies
A review of published research on driver distraction and roadside advertising,
with a focus on work performed in the UK
A review of decisions by the body (The Planning Inspectorate) that decides
"to either grant or refute express consent to display roadside advertisements"
(p. 24).
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An investigation of the relationship between outdoor advertising clusters and
accidents at two specific locations
Interviews with diverse stakeholders, and
An exploration of public opinion through a series of three focus groups and an
on-line survey.
Although much of the content of this study is outside the scope of interest for our report
(e.g. considerable attention is paid to illegal roadside billboards painted on the side of
trailers in farm fields), there are numerous insights gained, largely from focus groups and
surveys, that add to our knowledge.
The report begins with a useful discussion of the concept of driver distraction, and an
excerpt from a statement by the Royal Society for the Prevention of Accidents (RoSPA)
that
distracted drivers underestimate the effects that distraction has on them and do not
perceive their reduced awareness or ability to spot hazards. Distracted drivers also
have difficulty controlling their speed and their distance from the vehicle in front,
and their lane position can vary drastically .... The more complex or involved a
driver becomes with a distraction, the more detrimental the distraction is to his or
her ability to make observations and control the vehicle safely (p. 5-6).
This language is not dissimilar to hypotheses described by Chan, eta! (2008) in their
recent simulator-based study. The discussion of distraction further references the work by
Crundall, et al, 2006) who found that drivers become distracted because of their
compulsion to stare at something due to the psychological difficulty in abandoning a task
which has not been completed. (This is known as the Zeigamik Effect, and is further
discussed in Section 3 of this report. The authors also discuss a study by Theeuwes, eta!.
(1998), who found, in a laboratory study, that participants did not have voluntary control
over distraction; that even when they were tasked with concentrating on one colored
shape while ignoring shapes of other colors, "they were unable to ignore the 'distracters'
regardless of their effort to do so" (p. 379). These findings, if generalizable to the real
world, suggest that drivers may not be as able to ignore the messages on attention-getting
billboards as some have claimed. Recent work by Wallace (2003a, 2003b) is also
discussed, specifically with regard to personal factors such as driver age, level of fatigue,
and alcohol consumption, all of which are believed to play a role in distraction. Finally,
the authors cite current work by the UK Department for Transit (DfT), which is
attempting to identify gaps in existing research on distraction and will initially involve
the development of an operational definition of the term driver distraction.
Within a brief discussion of internal- and external-to-the-vehicle distraction, the authors
discuss the growing concern with cognitive overload- which Wallace (2003b) suggests
can occur when too much information is presented in certain situations, leaving the driver
with insufficient time to process the available information and make time-critical
decisions. Such decisions, which may involve maneuvering for exits, merges, or lane
drops, also include what Crundall, eta!. (2005) have called "transient hazards" such as a
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pedestrian or bicyclist suddenly entering the road, or a vehicle failing to yield the right of
way. Wallace believes that visual clutter, which contributes to cognitive overload, is
growing worse, with an increasing number of billboards, on-premise signs, and, as well,
official highway signs.
Of course it has long been known that official signs can distract drivers and add to their
cognitive workload if they are poorly designed, improperly located, unnecessary,
redundant, or irrelevant. This can be a particular problem with official changeable
.message signs (CMS), which are often reported to cause drivers to slow to read their
message if too much information is conveyed or undue attention is drawn to the sign.
Despite the fact that official signs (including CMS) have benefited from decades of
human factors research to ensure that their design and operation is optimized for the
driver's needs, distraction remains a concern, and to an increasing extent with the growth
of CMS installations.
Wallace, and others, believe that driver distraction, as much of a concern as it is, is likely
underreported. This may be because, he suggests, the distraction may be unconscious, or
because social and legal pressures may contribute to a driver's unwillingness to admit
distraction for fear of consequences such as increased insurance rates, penalty points on
their driver's license, or being found responsible for an accident. For these reasons,
Wallace believes that it will be difficult to find empirical evidence for the contribution of
distraction by a roadside billboard to an accident. Although this is a key reason to
question the use of accident data to assess the relationship between DBBs and crashes,
there are many others, discussed later in the report by Speirs and her colleagues, and
elsewhere in the current report.
The report next discusses the range of planning policy and guidance regarding roadside
advertising in the UK. Although of relatively minor relevance to regulations and
guidance in the U.S. because of the highly localized nature of such guidance in the UK,
we do find that many of the same principles have been applied. For example, roadside
advertising signs may be discouraged at locations such as: complex road sections,
intersections, pedestrian crossings, or locations where the cognitive demands on the
driver may be high. In addition, a Circular (DCLG, 2007) that provides guidance on the
control of advertisements suggests that outdoor advertising signs that may pose a danger
to the public include those which:
because of their size or siting, would obstruct or confuse a road-user's view, or
reduce the clarity or effectiveness of a traffic sign or signal, or would be likely to
distract road users because of their unusual nature (and) (t)hose illuminated signs
(incorporating either flashing or static lights) which, because of their size or
brightness, could result in glare and dazzle, or distract road users, particularly in
misty or wet weather.
The Circular is apparently based, in part, on findings from a study conducted by the
Privilege Insurance Company, which found that 83% of drivers responding to a survey
had admitted being distracted by roadside advertisements, with 23% of those reporting
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that they had veered out of their lane as a result of the distraction. (Privilege Insurance,
2005).
Numerous other regulatory and guidance documents are cited in this section of the report.
Although many of these make reference to traffic safety concerns, none of them provide
objective definitions of key terms sufficient for regulators to act to control roadside
billboards. One such document, for example, requires that local planning authorities must
"consider such matters as the likely behaviour of drivers of vehicles who will see the
advertisement" and states that "the vital consideration ... is whether the advertisement
itself, or the exact location proposed for its display, is likely to be so distracting, or so
confusing, that it creates a hazard to, or endangers, people in the vicinity who are taking
reasonable care for their own and others' safety" (PPG, 1992).
In line with the discussion above, it is useful to note that one of the documents cited in
this section of the report deals exclusively with official signs, and provides guidance to
roadway authorities on the proper use of such signs throughout the UK (DIT, 2003). This
document, known as the Traffic Signs Manual, explicitly recognizes that official traffic
contro I devices (TCDs) can also serve to distract drivers if they are used inappropriately
or to excess. Among other guidance, the manual suggests that information signs should
not be permitted in construction zones, and that roadway authorities should ensure that
signs are limited to those that are considered necessary, because such signs can cause
overload and lead to distraction.
Speirs and her colleagues reviewed the decisions of The Planning Inspectorate in 11
cases. Although their summary and discussion of these decisions makes for interesting
reading, there is little consistency from one decision to another, and the diversity of
issues on which decisions were based (size, illumination, viewing time and change cycle,
content, and location, among others) provides little basis to extract principles that might
be applicable in the United States. Of the 11 cases cited, however, one billboard was
allowed, two were allowed with certain restrictions, and eight were disallowed.
The authors' efforts to review accident data to determine the presence or absence of a
relationship between billboard locations and accident occurrences proved to be largely
fruitless, for reasons discussed elsewhere in the present report. Some ofthe key
arguments against the use of accident data cited by Speirs and her colleagues are:
There could be other unknown variables that could have led to the reported
accidents.
There are many opportunities for error or omission in data entry in police
accident reporting forms.
In minor accidents, the involved vehicles may move away from the PORto
clear traffic lanes, thus further degrading the potential accuracy of identifying
the true location.

70

The point of rest (POR) of the involved vehicle(s) (which is what is
commonly identified in police reports) may have little relationship to the point
of distraction that was the proximal cause of the crash. 3
Accidents, particularly minor accidents, are underreported.
Accident data considers only those incidents that result in an actual collision.
But there are likely many more incidences of distraction that result in driver
error (such as late braking, lane exceedances) without consequence, and others
that result in "near misses" that might have resulted in a crash but for the
evasive actions of another driver. "As no data on 'near misses" is available, it
is not possible to quantifY the full effect of distraction" (p. 35).
For these reasons, and others, the authors recommend against the future use of accident
data "as an area for further research due to these practical and statistical issues that would
cast doubt over any apparent relationship ... " (p. 35).
The authors briefly discuss the potential for the use of CCTV data recorded from fixed
locations along the highway network in close proximity to roadside advertising signs.
This data, it is suggested, would allow the observation of vehicle braking movements,
lane deviations, and other losses of vehicle control, although there is no way to know,
from such recordings, whether other causes of distraction were present as contributors.
They suggest that, in order for this methodology to be feasible, it would be necessary to
collect data along road sections both with and without the presence of roadside
advertisements. 4
The authors conducted interviews with representatives of various stakeholders. These
organization types included, but were not limited to, the following:
Road User Groups, e.g. Automobile Association, RAC Foundation
Road Safety Groups, e.g. Parliamentary Advisory Council for Transport
Safety (PACTS), Royal Society for the Prevention of Accidents (RoSPA)

3

This weakness in the use of accident statistics should not be ignored. Unless an accident involves major
property damage, serious injury or death, police in the US will rarely endeavor to find the "root cause,"
which would include the point at which an involved driver first lost control and/or was first distracted. The
vehicle of a driver who crashes as a result of distraction by a roadside billboard may not come to rest for a
considerable distance after the distraction occurs, but it is the point ofrest that is most likely to be
(erroneously) identified in the Traffic Collision Report as the actual accident location. The use of such
information will lead to an artificial reduction in any correlation since it captures an accident data point and
associates it with a road location that is not coincident with a billboard. As pointed out in the study by
Klauer, et al. (2006b), discussed earlier in this Section, accidents may be underreported by 80% or more.
4

We have suggested, in other contexts, the potential for the use of roadway CCTV data in billboard
distraction studies because of the growing number ofCCTV locations coupled with the potential for
cooperation from DBB owners, through which signs might be turned on and off, and their displays varied
in the key parameters of brightness and message display interval in accordance with a carefully developed
experimental design. Specific recommendations along these lines were made to researchers in the City of
San Antonio, Texas, which has a comprehensive system of CCTV cameras as part of its traffic monitoring
network, and which is engaged in a project to monitor the safety impacts of recently erected DBBs.
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Local Authorities, e.g. Local Authority Road Safety Officer Association
(LARSOA)
Planning Officers, e.g. London Borough ofWandsworth (LBW)
Central Government Departments, e.g. the Department for Transport (DIT)
Highways Agency
Amenity Groups, e.g. Campaign to Protect Rural England (CPRE)
Advertising Industry, e.g. Outdoor Advertising Association, Outdoor
Advertising Council, Advertising Standards Authority
Research Community, e.g. Brunei University
Motorway Operators, e.g. Midland Expressway Ltd.
Summarizing the results of these many discussions, the authors identified the following
broad conclusions:
Although it is accepted that drivers are responsible for attending to the driving
task, "visual clutter is liable to overload or distract drivers" (p. 63).
The stakeholders could not provide statistical evidence to demonstrate the
presence or absence of a correlation between roadside advertising and
accidents.
There is no desire for an outright ban on roadside advertising, but there is
general agreement about the need for more guidance or regulation to control
the type, location and content of such advertising.
There is a need for additional governmental powers to remove unauthorized
advertising, and there is a need to make enforcement a greater priority.
The focus group discussions provided much information of relevance, summarized
below. Three groups were assembled, each including a balance of males and females, and
a mix of urban and rural residents. The first group included young, less experienced
drivers (ages 17-25) with little motorway driving experience; the second included
experienced drivers aged 50 and above who did not regularly use the motorway; and the
third included regular motorway users (100 or more miles per week) aged 35-55. Each
group included eight participants who were told that the sessions were to discuss sources
of driver distraction, without initial mention of a specific focus on outdoor advertising.
Relevant examples of the key points made during the focus group sessions include:
The younger drivers found motorway driving boring, and felt quite relaxed.
The older drivers, despite much greater exposure to motorway driving, found
it to be stressful and sometimes dangerous, primarily because other drivers
take too many risks.
When asked how long they thought they took their eyes off the road to look at
the surrounding environment, the young drivers estimated "several seconds,"
although they also agreed that this was probably longer than they should.
When asked what they would consider "too long" a period to take their eyes
off the road, the regular motorway users replied "1-2 seconds."
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Several members of the younger driver group described situations in which
they had been distracted by something external to the vehicle while driving on
the motorway and found their vehicle moving out of its lane and/or having to
brake suddenly.
Some participants in each ofthe other groups also reported having made
driving errors while distracted by something either inside or outside the
vehicle.
One regular motorway user reported several occasions in which he had a near
miss as a result of looking away for "too long."
After the initial discussions, highlighted above, the focus group facilitators directed the
discussions toward roadside advertisements, and showed photographs of particular
installations. Highlights of the discussions that followed are presented below:
Regular motorway users felt that it was not appropriate to have certain types
of advertisements close to the roadway, given the prevailing speed of traffic.
These users felt that outdoor advertising could pose a distraction to younger,
less experienced drivers, although not to themselves.
Younger drivers, on the other hand, felt that, although outdoor advertising
could potentially cause a crash, their effect was no greater than other sources
of driver distraction.
Most of the participants agreed that they did notice and look at roadside
advertisements.
Most of the regular motorway users stated that they tended to look at
advertisements when they were waiting in a traffic queue, but confirmed that
they read these advertisements even in free-flowing traffic conditions.
One regular motorway driver felt that it took 2-3 seconds to read an
advertisement, but some of the younger drivers felt that ads could be absorbed
more quickly (in a "split second").
Although drivers agreed that they tended to look at every advertisement, they
could rarely recall the specifics.
Drivers in all three groups believed that the decision to look at a roadside
advertisement was not made consciously.
Younger drivers expressed the view that it was inappropriate to have
advertisements within a driver's line of sight when he should be paying
attention to traffic.
Most participants across all groups agreed that the potential for distraction
from an advertisement was dependent on its size, content, location, and type
of display. In addition, bright colors, and "sexual undertones" were thought to
attract more attention.
Younger drivers in particular said that they spent longer looking at
advertisements for products or services in which they were interested, or if the
advertisement featured something that was new or unusual.
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Younger drivers commented that advertising campaigns which told a story
that extended over a period oftime or a series of billboards attracted more
attention. 5
Regular motorway users were concerned that advertisements with a lot of
detail posed more of a risk because it was more difficult and time consuming
for drivers to absorb all of their content; specific questions were raised about
the wisdom of including details such as telephone numbers.
Electronic billboards were considered more of a potential distraction than
fixed displays. Younger drivers, in particular, stated that they looked out
specifically for these displays and that they waited for the subsequent
advertisement in the cycle to appear.
One participant in the older group expressed a view that was representative of
his group: "When they're about to change, you want to see what they are
changing to.lt's strange ... you might not be interested in the adverts, but
when things are changing, you watch it ... and they'll distract you ... But if it's
fixed, and you can see that from half a mile away ... , I'm not going to be that
distracted by it. It's not drawing my attention because I can see from a
distance what it is" (p. 80).
Regular motorway users felt that an important issue was clutter, caused by a
proliferation of roadside advertisements in close proximity. They believed that
such a situation, especially when combined with a lot of information from
road signs, can cause information overload and result in confusion.
Younger drivers in particular, but with the agreement of those in other groups,
felt that internal distractions (such as mobile phones, navigation systems,
maps, or adjusting vehicle controls) were, overall, more distracting than
roadside advertisements.
Younger drivers expressed the view that it is the driver's responsibility to pay
attention while driving.
Participants in all three groups agreed that "few drivers would ever admit to
being distracted by an advert and therefore felt that any such incidents are
likely to be under-reported" (p. 84).
The commonly held view was that roadside advertising is not necessary, and
should not be seen to be part of the motorway network. (Interestingly, the
older drivers tended to believe that roadside advertising provided a source of
revenue to the government and that revenues raised should be directed toward
highway improvement).
"Overall, it was felt that roadside advertising might well be distracting to
some drivers, but not personally to those who participated in the focus
groups" (p. 85).
With regard to the imposition of control or regulation, regular motorway users
suggested that the amount of detail in an advertisement is of concern, and
suggested imposing a limit on the number of words allowed; a limit of 4-6
was deemed appropriate.
5

This is the issue of"sequential" advertisements discussed elsewhere in the present report; the
phenomenon that describes how one's interest is held during such a sequence is known as the Zeigarnik
effect, discussed in Section .
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Similarly, older drivers and regular motorway users expressed the greatest
concern about electronic advertisements, and felt that it was inappropriate to
permit this kind of advertisement on the highway network.
Regular motorway users as well as older drivers believed that roadside
advertisements should be located only within the view of queued traffic, and
not in the vicinity of free-flowing traffic.
There was support for regulation on the spacing of advertisements, in terms of
a minimum distance between advertising signs, as well as a minimum distance
away from highway signs so that "they do not detract from the information
which is provided for the driver's safety" (p. 87).
Participants in the older driver group felt that roadside advertising should not
be permitted on the motorway unless it provides directions or information of
use to the driver; in addition the presence of advertising along rnotorway
sections that require concentration by drivers was seen to be at odds with road
safety.
Some females called for the removal of all roadside advertising; others
accepted that it was unlikely that all could be removed, but supported greater
regulation of advertising signs in general, including brightness, spacing, and
content. Electronic billboards were singled out as a key concern due to their
ability to distract (p. 88-9).
Regular motorway users felt that the driving environment would be safer
without advertisements, but believed that simple ads that could be quickly
absorbed, when placed along uncluttered roads, did not pose a safety issue.
In addition to the three concentrated focus groups, the authors conducted an on-line
survey, hosted on the HA website. The survey was designed to examine respondents'
views on potential sources of in-vehicle and external-to-vehicle distraction, followed by a
ms>re specific focus on roadside advertising. Because of a large sample size (1371
responses) the authors were able to report a sampling error of only+/- 2.65% at the 95%
confidence level. In other words, if 50% ofthe survey respondents gave the same answer
to a question, the authors could be 95% confident that, if the survey had been conducted
with the entire population, the responses to that question would fall within the range of
47.3% and 52.7%. This degree of accuracy is even greater when a larger or smaller
percentage of the respondents has given a particular response, but 50% is used as a
benchmark because it has the greatest sampling error.
Demographically, the respondents tended to be male, and between the ages of25 and 59.
They drove between 10,000 and 25,000 miles per year, and used the motorway more than
five times per week.
At the outset of the survey, respondents were given a list of 14 possible sources of
distraction (both within and outside the vehicle) and asked to select those which they
considered to be most distracting. The top five identified sources, and the percentages of
respondents who provided those answers were: Rubbernecking at accidents (75%), child
passengers in their vehicle (68%), hands-free mobile phone use (67%), roadside
billboards 61 %), and roadwork (50%). When asked about the single greatest source of
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distraction, 24% said mobile phones, 18% reported other passengers, 13% said
rubbernecking at accidents, and 9% selected roadside billboards. No other distracters
were considered the most important by more than 5% of the respondents (in-car
navigation systems and actions by other vehicles).
Once the topic of outdoor advertising was introduced, a series of questions sought to
examine whether some types of roadside advertising were considered to be more
distracting than others. Participants were asked to select the types of advertising, if any,
that they had found to be personally distracting while driving, and then to identify the
single most distracting type of roadside advertising. The results are shown below:
Billboards with changing images (DBBs) were reported to have distracted
72% of all respondents; 53% of the respondents found DBBs most distracting.
Conventional billboards had distracted 61% of the respondents, and 17%
found these to be the most distracting.
Advertisements on vehicles had distracted 38% of respondents, but only 3%
found these to be the most distracting.
Advertisements on bus shelters had distracted 24% of the respondents; 9%
found these to be the most distracting.
Seven percent of the respondents found none of the advertising types to be distracting,
and 11% mentioned other types of advertisements (such as ads on street furniture, onpremise signs, and small temporary roadside signs) as having been a source of distraction
to them.
Roadside advertising characteristics that contributed to distraction were: location (59%),
size (49%), content (39%), changing images (29%), color and information provided (25%
each), and lighting (16%).
Respondents were given the opportunity to include narrative statements to highlight their
answers. The authors summarized these statements, and reported more than twice as
many comments expressing concerns about DBBs (9) than for any other aspect of
roadside advertising- content (3), location (4), and size (1). Representative quotes about
DBBs included:
"Changing signs draw attention to themselves; they are not part of the traffic and
amount to a serious distraction. I cannot understand why they are allowed!"
"Those with images that change over a period of time tend to attract a longer spell
of attention whilst waiting for the next image. If one's vehicle is actually moving
at the time this has the effect of driving blind while watching the particular sign."
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"You can look quickly at a static board and take in a fair amount of information,
however, if you know the image will change you are tempted to keep looking
until it does which means taking your eyes off the road for longer."
"A quick glance is enough to know it is an image changing billboard but then the
temptation is to keep looking to see what it changes to" (p. 102).
Respondents were next asked to rate the extent of distraction that they believed was due
to different aspects of the "content" of roadside advertisements. Ratings were to be made
on a five-point Likkert-type scale from 1 ("not at all distracting") to 5 ("very
distracting"). Advertisements with changing images were rated by 56% of the
respondents as very distracting. Those with complex graphic images were rated very
distracting by 42% of the respondents, ads with small text by 28%, ads with lots of details
(e.g. telephone numbers) by 26%, and those with more than 10 words by 20%. Of equal
interest to Speirs and her colleagues was the difference between those who found each
type of content distracting or very distracting, compared to those who rated the same type
of contact as "not distracting" or "nor at all distracting." This difference was largest for
DBBs; 79% found such signs distracting or very distracting, whereas only 8% found
them to be not or not at all distracting - a difference of 71%. The equivalent differences
were 67% for signs with complex images, 32% for those with small text, 31% for signs
with more than 10 words, and 27% for ads with lots of details.
In order to evaluate the effects, if any, of roadside billboards on general driver
performance, a series of statements were presented to the participants, who were asked to
state whether they thought each statement was true or false. The statements, and the
levels of truth assigned to them, were as follows:
Can be confusing in urban environments (83%)
Can be detrimental to overall driving performance (82%)
Electronic ads with changing images are more distracting than static ads
(82%)
Is an unwelcome distraction to the driver (7 5%)
A driver may steer slightly out of lane to read a roadside ad (58%)
A driver may brake to read a roadside ad (53%)
Keeps drivers alert (14%)
Is not distracting in rural environments (12%)
Is not distracting in urban environments ( 11%)
Improves a driver's concentration (4%)
When asked whether their own driving performance had been adversely affected by
roadside advertising signs, 17% (201 respondents) said that their performance had
definitely been affected, 29% felt that it had probably been affected, 34% stated that it
had possibly been affected, and 20% believed that it had not been affected.
For those 913 respondents who stated that their driving performance had been affected by
roadside advertising, they were presented with a series of seven statements and asked to
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indicate whether they felt each was true or false. The statements, and the level of truth
assigned to them, were as follows:
Distracted my visual attention whilst driving (96%)
Occasionally been detrimental to my driving performance (72%)
Affected my speed whilst driving (42%)
Affected my steering whilst driving (33%)
Made me more alert whilst driving (7%)
Have, at times, made me a better driver (5%)
Have never impacted upon my driving perfonnance (4%)
In summarizing the survey, Speirs et a! expressed surprise at the dominance of the
reported views that roadside advertising has a negative impact on driver performance;
prior to conducting the survey, they expected to find highly polarized opinions. Their key
findings were described as: 80% (926 individuals) admitted that their own performance is
likely to have been affected by roadside advertisements; 76% of all respondents (878
individuals) admitted that they took their eyes off the road to read such advertisements;
and 30% (34 7 respondents) had deliberately slowed down to look at advertisements. In
particular, "electronic/digital billboards with a series of rotating images are considered to
be particularly distracting" (p. 115).
In short, the authors conclude that this survey, with its large sample size and resultant
small sampling error, suggests that there is cause for concern when the responses of the
study participants are projected to the UK population at large.
We have spent considerable time discussing this report, in part because it is so
comprehensive and current, and in part because it is the first study of which we are aware
that has engaged in large scale sampling of the public's views of roadside advertising,
including DBBs, and, specifically, the public's perception of how such outdoor
advertisements have adversely affected their own driving behavior. It will be recalled that
one reason why accident data is thought to be of relatively little value in studies of driver
distraction is that it is widely accepted that, for several reasons, drivers will be reluctant
to admit their own distraction when it is connected to possible crash involvement. In this
survey, on the other hand, where responses were anonymous and there was no risk to the
respondent, the answers can be considered to be more objective and truthful.
Among their principal conclusions, Speirs and her colleagues suggest that current
guidance and policy is insufficiently detailed to address the different types and
characteristics of outdoor advertising devices, particularly DBBs. As a result, further
research is needed to quantify the level and significance of the risk. They believe that
post-hoc accident studies would not be useful to pursue unless the researchers had direct
access to the involved drivers in near-real time. They point to the most recent research
studies that they reviewed, those by Young and Mahfoud (2007) and Clark and Davies
(2007) as producing "statistically significant results which suggest that the level of
distraction caused by advertising does present a genuine road safety concern" (p. 117).
These studies, however, have been criticized by some stakeholders as being "unrealistic"
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in that they were simulator based and thus their applicability to the real world may be
compromised. Nonetheless, the authors recommend that further research build on Young
and Mahfoud' s work "to explore and quantify the effect of different characteristics of
advertisements on levels of driver distraction" (p. 122). They argue that a future study, if
properly funded and conducted on an advanced driving simulator, should be able to
overcome some of the limitations of this earlier work- small sample size, limited number
of variables, stimulus material not fully representative of actual billboards, and a
simulator of somewhat limited flexibility and fidelity. The authors review three UKbased driving simulators, and recommend that future work be undertaken at the
University of Leeds Driving Simulator (UoLDS). In their discussion of the strengths and
weakness of a driving simulator study, the authors argue that simulators permit the
different types and sizes of billboards of interest to be studied to examine the effects on
drivers, a task that would be more complex in a test track or on-road study. Finally, the
authors present a suggested approach for the conduct of a driving simulator study.
Although it is beyond the scope of the current project to recommend future research (the
reader is referred to the recently published FHWA report [Molino, et al. 2009] for this
discussion), we respectfully disagree with recommendations put forth by Speirs and her
colleagues. It is our opinion that, when studying critical issues of roadside billboards,
particularly DBBs, that even today's most sophisticated simulators are incapable of
rendering the key characteristics of such signs at a level of visual fidelity sufficient to
lead to findings that can be generalized to the field with confidence. This is because the
levels of brightness of which today's DBBs are capable exceed the capacity ofthe.display
systems used in simulators. Thus, because DBB brightness has been hypothesized to be a
key contributor to possible driver distraction, this is of concern. A second concern, one
that is touched on by Speirs, et al., is that of the naturalistic aspects of the driving task
encountered by participants in the experiment. For several reasons, including visual
fatigue and the risk of simulator sickness, experimenters tend to keep scenarios relatively
brief. In order to expose the participants to a reasonable number of experimental variables
(in this case, variants ofDBB displays), it then becomes necessary to incorporate an
unusually large number of such variables into these brief scenarios. But, because the
impacts ofDBBs on driver distraction, if they exist, are likely to be highly context
sensitive, the inclusion of several such signs into relatively brief scenarios is likely to
create an unrealistic visual environment which may lead to driver responses that are not
representative of those that might occur in the real world. It is this author's opinion that
initial studies, iffunded, should be done in the field, with carefully selected and
controlled sites in which before and after comparisons can be made, and in which
matched roadway sections with and without DBBs may be studied. If differences in
distraction are found, we believe that it would then be appropriate to move to a driving
simulator to study the impact on driver performance of different levels of display cycle
times, sign size, proximity and angle to the traveled way, etc.).

Dudek, C., 2008
Dudek (2008) reviewed the state-of-the-practice for the use of official,
permanently mounted changeable message signs (CMSs) during "non-incident, non-
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roadwork" periods. Practices relating to the display of AMBER (America's Missing:
Broadcast Emergency Response) alert messages were included, The report was based on
a review of the literature and a survey of State DOT traffic management centers (TMCs)
and agencies that operate toll roads. Overall, responses were received from 40 States and
six toll road agencies with a total of 100 TMCs operating 3,023 urban and 821 rural
CMSs.
In principle, the study of practices regarding official CMSs is somewhat removed from a
review of commercial DBBs; yet there are important areas of overlap between the two
uses of this technology that bears discussion.
Dudek describes the primary applications for CMSs as serving to notifY motorists of:
Non -recurrent problems caused by random, unpredictable incidents such as
crashes, stalls, or spills; and temporary, preplanned activities such as
construction or maintenance.
Environmental issues such as fog, floods, snow, or ice.
Traffic problems caused by special events, such as parades or sports events.
Special roadway operations such as reversible, high occupancy, or contraflow
lanes; or certain design features such as drawbridges.
AMBER alerts.
His review was undertaken because, although guidelines are available for the design and
operation of CMSs when used for their principal purposes, there are no guidelines
available, and little understanding of existing practice, for the use of these signs under
non-incident, non-roadwork conditions. The primary purpose of this synthesis of practice
was to identifY those practices that have proven effective and ineffective, and to serve as
a guide to State and other operating agencies in the more effective use of their CMSs, as a
first step toward the possible development of guidelines for such uses.
Guidelines for the design and operation of CMS were initially developed in 1978, and
have been refined several times over the past 30 years. Because CMSs are part of the
official highway information system, they must communicate a meaningful message that
can be quickly read and understood by drivers. It is well understood that the design of
effective messages requires the application of proven principles for each of the following
display features:
Message content
Message length
Message load; units of information
Message format
Message splitting
Although traditionally left blank when not in use for their intended purpose, there has
been an increase in the use of these signs by transportation agencies over the past 10
years to display messages when the signs are not otherwise needed. Such messages have
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been predominantly those that indicate travel time, and these are recommended by
FHWA. However, other, non-essential messages have seen growing use, including
information about congestion, speed, traffic ordinances, safety campaigns, and public
service announcements (PSAs).
Examples cited of safety campaign messages included (dashes indicate line breaks):
CLICK IT- OR TICKET
BUCKLE UP FOR-SAFETY -IT'S THE LAW
U DRINK- U DRIVE- U LOSE
Examples cited ofPSAs included (ellipses indicate more to the message than shown):
REPORTDWI ...
AIR QUALITY ALERT ...
BLOOD DRIVE ...
BURN BAN IN EFFECT ...
The rationale for leaving CMSs blank when not in use for their primary purpose is that,
when essential information is presented on the sign, it will be more attention-getting,
drivers will be more likely to notice it, and the message will be more effective. The
question always raised about this traditional practice, however, has been whether drivers
will question the sign's functionality. In addition, Dudek found that some agencies
experienced negative public opinion from those who felt that the expensive investment in
this technology was being underutilized.
Dudek notes (p. 3) that the FHWA discourages the display ofPSAs on these signs. Two
important concerns about this use of CMSs have been that the signs lose credibility with
motorists when used for other than their intended purposes, and the risk of "change
blindness," the potential that a motorist will fail to see that the message on the CMS has
changed from something that is non-essential to something that is highly relevant and,
perhaps, time critical.
The author cites the experience of Caltrans, which posted transportation-oriented PSAs
(e.g. "RELIEVE CONGESTION-RIDESHARE") on CMSs in the Los Angeles area so as
to avoid leaving the signs blank. Public reaction was "quite negative" (p. 15), and the
agency's traffic operations personnel believed that using the signs to display messages
that were irrelevant to freeway operations led the public to disregard the signs, thus
reducing their effectiveness when they were most needed.
The display of safety messages on CMSs falls into a middle ground- not discouraged by
FHWA, but allowable under specific circumstances. If used, agency respondents say,
such messages should be current, and displayed for only a limited time.
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One unfortunate consequence reported by agencies that displayed safety messages and/or
PSAs was that these practices led to a proliferation of requests from other agencies and
organizations to display their own non-traffic-related messages.
Although the present study addresses commercial advertising signs, specifically DBBs
located off the right-of-way, there are lessons to be learned and applied from Dudek's
review of official CMSs located within the right-of-way. He says:
If CMSs distract drivers from more critical tasks while traveling at prevailing
speeds, or if the messages are erroneous or outdated, then driver acceptance can
be compromised. In addition, if the messages are too long, complex, and/or
confusing to read and comprehend, drivers may reduce speed to read the
messages and this could result in a potential safety problem (p. 3).
While all of these concerns have relevance to the design and operation ofDBBs, they
convey a special precaution for the potential future use of official CMSs for the display
of commercial advertising messages when not in use for the primary purposes (see
Section 7 of this report for a fuller discussion of this issue). If transportation agencies
have reported to Dudek that the use of CMSs for the display of safety campaigns and
public service messages can have negative safety consequences in terms of change
blindness or CMS credibility, and ifFHWA discourages the use of CMSs for the display
of PSAs, one must question the reasonableness of the current consideration being given
for the use of these signs to display commercial advertising.
Dudek asked his respondents about their experiences with public reaction to leaving
CMSs blank when not in use for their principal purpose. Thirty-nine percent of the TMCs
responding received "somewhat" to "very" favorable responses from the public; twentyfour percent received a neutral response, and none received unfavorable responses.
(Thirty-seven percent had insufficient information). Favorable comments about their
experiences included (p.l7 -18):
Drivers pay more attention when a message is displayed, messages are more
effective when displayed, frequent display of non-essential messages results in
drivers ignoring important messages (15 respondents)
The conspicuity and message urgency of the CMS is preserved (I response)
Credibility of the message is the key to success (I response)
Relevant, timely information enhances driver respect (1 response)
Displaying messages unrelated to motorist's travel could increase disregard
for the CMS when messages are relevant (I response)
He also asked about experiences with safety campaign messages on CMSs. Twenty-nine
percent of the reporting TMCs received "somewhat" to "very" favorable responses from
the public; eighteen percent received a neutral response, and two percent received
unfavorable responses. (Fifty-one percent had insufficient information). Comments
about their experiences included (p.34-35):
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Messages should be displayed for a short time, and not often (18 responses)
We get negative feedback from the public (8 responses)
They should be displayed only for well-organized statewide safety campaigns
(7 responses)
The public is generally receptive to the messages (6 responses)
They open the door to other requests that are not transportation related, and
denying such requests is a problem (6 responses)
Messages should be kept simple and easy to understand (4 responses)
Post such messages only off-peak (or in the off-peak direction) to minimize
unintended congestion (2 responses).
Display only safety-related or agency-supported messages (2 responses)
Make sure message is not distracting to motorists (2 responses)
Make sure there is value in the message to the public (1 response)
We receive and deny requests for advertising messages (1 response)
Message must have broad public impact (1 response)
One expressed concern, for both safety campaign messages and PSAs, was that the
decision to display such messages was overwhelmingly due to administrative/upper
management requests (93% in the case ofPSAs, 99% for safety campaign messages),
occasionally against the judgment of operations personnel, and with little or no support
from research.
With regard to AMBER alert messages, Dudek reports (p. 41) that 84% of those TMCs
that display such messages exceed the maximum recommended (four) units of
information on a CMS. As a result, "the majority of motorists will not be able to read and
comprehend the messages while traveling at typical freeway speeds" (p. 41-42), and
"those drivers who attempt to read the messages before passing the CMS may reduce
speed" (p. 40). This is simply because the type of information typically displayed on a
CMS-based AMBER alert message may include a license plate number (equivalent to
more than three units of information) and a 10-digit telephone number (equivalent to
more than three units of information). He cites two previous studies (Ullman, eta!.
[2005] and Dudek, et a!. [2007]) that found the average reading times for AMBER alert
messages containing a license plate number or a 10-digit telephone number were
significantly longer than the reading times for signs without this information.
There are several lessons to be learned from this study that have direct relevance to
DBBs. Long messages containing information such as telephone numbers take longer to
read and may cause drivers to slow in an effort to read the message. The amount of
information on signs should be strictly limited to minimize its distraction potential. Even
official traffic signs can overload drivers. In addition, there are specific lessons that can
inform projects currently being considered that would allow commercial advertising to be
displayed on official CMSs within the right-of-way. Messages that are irrelevant to traffic
safety or flow that are broadcast on official CMSs are strongly opposed by motorists, and
the decisions to accept such messages (including safety campaign messages and PSAs)
are generally imposed by senior administrators or managers regardless of the concerns of
operations personnel. There is concern about change blindness- that motorists will not
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notice a sign whose message has changed from something irrelevant to something of
importance to them. And there is considerable concern about the loss of credibility of
official CMSs when they display messages that the public believes are not timely and not
related to traffic safety and flow.

Edquist, J., 2009a, 2009b
For her recent doctoral dissertation, Edquist (2009b) performed a study using a
high fidelity driving simulator to assess the effect on driver response to road signs and to
vehicles ahead of them when in the presence of ambient visual environments that
represented different degrees of clutter. Edquist describes three types of clutter that are
present to different degrees in different driving settings. Built clutter is clutter caused by
the complexity of the man-made environment- buildings, wires, bridges, storefronts,
billboards, utility poles, etc.); designed clutter is clutter created by road authorities
through the number, size, placement, and diversity of traffic control devices (signs,
signals and markings); and situational clutter is caused by the number and mix of
vehicles in the traffic stream, the number of lanes of travel, weather, etc. While holding
situational clutter constant in the simulator, Edquist varied the extent of built and
designed clutter, and measured the changes in the participants' responses to traffic
control devices and to the behaviors of vehicles in the traffic stream. Four types of
vehicle changes were presented: the car directly in front of the participant moved closer
or farther away, and vehicles in adjacent lanes appeared or disappeared from view. She
found that high levels of designed clutter slowed the participants' detection of changes to
official signs. In other words, it was more difficult and time consuming to identify and
respond to the relevant traffic control device when there were many such TCDs
competing for the driver's attention. Conversely, she found that high levels of built
(environmental) clutter delayed the participant-driver's detection of changes in both signs
and other vehicles. Because the changes to these other vehicles were highly visible,
relevant to the participants' driving task, and "not minor" Edquist found that the adverse
impact caused by additional built clutter to be of concern.
·
Edquist summarized the literature about older drivers that showed that this cohort has
difficulty with divided attention and rapid task switching both of which are important for
safe driving. These concerns are exacerbated under conditions of high workload. In
comparing older to young, novice drivers (those with probationary licenses), she found
that in the presence of high visual clutter the older drivers had more difficulty both
finding and responding to official road signs, and in detecting changes to nearby vehicles
in the traffic stream. The novice drivers did not experience these difficulties to the same
extent.
In a simulator-based driving study performed to try to confirm or refute an earlier study
using still photographs, Edquist found that, when billboards were present, participants
drove more slowly, took longer to change lanes in response to direction to do so by road
signs, made more errors when changing lanes, and spent more time looking at the
roadside and less at the road ahead of them. Older drivers in particular made more errors
when changing lanes when billboards were present. The author notes that, due to
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limitations in the simulator platform, her scenarios depicted relatively low complexity
environments. In addition, there was not enough traffic in the simulated road scenes to
create elevated levels of driver workload, and the billboards depicted were simpler than
those typically found on actual roads. Thus, she concludes, her experiment likely
underestimated the adverse effects of billboards on driver response to traffic conditions.
The author notes that there are often questions about the extent to which simulator results
can be generalized to the real world; however, in this case, since both the visual and
cognitive workloads in the simulator were lower than they would be in the real world, she
believes that the real effects of these distracters are probably larger than what she
observed. Edquist summarizes her study by stating that visual clutter adversely affects
where drivers look, what they see and how quickly they see it, and negatively impacts
their driving performance in terms of speed maintenance and response to traffic signs.

Fisher, D., 2009
Fisher (2009) reported on work conducted in his laboratory regarding the effects
of external distractions on novice drivers. Using their high fidelity driving simulator,
Fisher and his colleagues measured glance durations to such distracters, vehicle
behaviors, attention to the forward roadway, and attractiveness of the distractors.
When comparing the maximum glance duration toward the distracter (the simulated
billboard or the in-vehicle infotainment device) for older and younger drivers, Fisher
found that younger drivers were considerably worse (i.e. a larger percentage of them took
long glances toward the distracter) than older drivers. However, when the distracter took
the form of an external distracter (the billboard), the performance of both younger and
older drivers deteriorated. Specifically, using the two second target value identified in the
100- car study, Fisher found the following:
Percentage of Drivers Making Glances Longer
Than 2.0 Seconds to:
Distracters Inside the Vehicle (Infotainment Devices)
Distracters External to the Vehicle (Billboards)

Older
Drivers
22%
80%

Younger
Drivers
55%
80%

In analyzing the longest glances toward the distraction source, Fisher found the
following:
Percentage of Drivers Making Glances Longer
Than 5.0 Seconds to:
Distracters Inside the Vehicle (Infotainment Devices)
Distracters External to the Vehicle (Billboards)

Older
Drivers
4%
17%

Younger
Drivers
11%
27%

These findings suggests, of course, that older drivers are less likely to be distracted by
inside the vehicle sources than are younger drivers, but, when the distracter is a billboard,
older drivers are just as likely to be distracted as younger drivers, and the percentage of
drivers who engage in excessively long glances to such billboards is substantially higher
for external than for inside-the-vehicle distracters. Fisher hypothesizes that drivers
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looking inside their vehicle at a navigation system, entertainment device, etc., are aware
that their eyes are off the road, but when the distracter is outside the vehicle, along the
roadside, drivers may be able to observe, the forward view including traffic in their
peripheral vision and therefore believe that they are attentive to the driving task. This will
be a subject for future research.

Martens, M., 2009
As part of an effort to develop guidelines for the control of visual distracters
adjacent to the roadside for the Dutch Ministry of Transport, Martens and her colleagues
at TNO performed a literature review of the human factors principles to be followed. She
summarized the key findings of this review as follows:
1. Visual information processing can be of two typesa. Central processing in which the object lleing viewed is fixated, and
b. Peripheral processing, in which the object is not fixated
2. In order to read the object being viewed, the object must be fixated.
3. Elements such as color, shape, movement, lighting, can be identified without fixations.
4. Attention precedes an eye fixation on an object; first attention is drawn, then the eye
follows
5. During saccades (the quick movement of the eye between objects) the eye is "blind"
6. In measuring eye movements and fixations, we can measure the "fixation" but we
cannot know with the focus of attention- i.e. what the person is attending to.
7. Part of the driving task (e.g. lane keeping) can be done with peripheral vision.
9. Our attention can be drawn to an object through a "top down" process, i.e. where we
have chosen to attend to it because of personal interest ; or via a "bottom up" process,
where the object itself attracts our attention via its inherent properties such as brightness,
conspicuity, or movement.
10. In driving, "bottom up" distracters should be avoided.
The recommended guidelines that the TN 0 personnel developed from these core
principles are discussed in Section 5 of this report.

Molino, Wachtel, Farbry, Hermosillo & Granda (2009).
This report reviews recent research about the possible effects on driver safety of
roadside DBBs. The report updates earlier work, reviews potentially applicable research
methods, and recommends an approach to future research. The study examined a range of
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DEB-related independent variables that might affect a driver's response to such signs,
and a range of dependent variables that might serve as measures of driver distraction or
inattention. The potential research methods and the independent and dependent variables
were weighted and integrated into a matrix to produce a set of alternative future research
approaches. For a proposed initial study, three candidate methodologies were compared:
an on-road study using an instrumented vehicle; a naturalistic study; and a study using
unobtrusive observation. The on-road study was determined to be the best choice for the
proposed initial study.
It should be noted that this project was performed essentially in parallel with the present
study. Although both looked at the recent literature that addressed driver behavior and
performance in the presence ofDBBs, the two studies had different goals and took
different approaches. The study by Molino and his colleagues was intended to identify
gaps in our current knowledge and design a research strategy to begin to fill those gaps,
with the ultimate goal of providing the FHWA Office of Real Estate Services with a
sufficient empirical basis from which to develop or revise, if appropriate, guidance and/or
regulation for the use ofDBBs along the Federal Aid Highway System. These goals
differed considerably from the present study, whose purpose was to review, not only the
recent research literature, but also existing guidelines and/or regulations that have been
developed in the U.S. and abroad to address DBBs. Finally, the ultimate goal of the
present study was to take what is known from the research, combine this knowledge with
what has worked for regulatory authorities, and recommend new guidelines and/or
regulations that could be enacted by State and local governments, and private and toll
road authorities, without the need or the ability to wait for the completion of additional
research. The FHWA study had no such objective.
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SECTION 3.
RESEARCH UNDERTAKEN OR PUBLISHED BY THE
OUTDOOR ADVERTISING INDUSTRY
Over a period of many years, the outdoor advertising industry has commissioned
a number of research studies from universities and private consulting organizations. To a
large extent these studies, their methods and results, are not released to the public.
Occasionally, or upon request, the OAAA will release the report of a commissioned
study. In addition, internet research occasionally identifies excerpts of such work or
information provided by manufacturers or sellers of space on billboards oriented to
potential clients. Finally, patent searches occasionally identifY new technologies of
relevance in the field.
The on-premise sign industry, through its representative organizations such as the
International Sign Association (ISA) and the United States Sign Council (USSC), has
also sponsored research, some of which is available to the public for a fee through the
organizations' web sites. The USSC website currently lists 15 documents available for
purchase by the general public. Examples of such studies include those by Garvey,
Thompson-Kuhn & Pietrucha, (1995), Garvey (1996), and Kuhn (1999). In addition, the
ISA publishes a periodical called Signline, which reports on new developments, and often
highlights legal challenges to on-premise signage.

Perception Research Services (1983), Young (1984).
A series of studies conducted by Perception Research Services (1983), and
separately reported by its President (Young, 1984) was intended to "observe the
attention-getting ability of outdoor boards from the perspective of the individual in an
automobile (Young, 1984, p. 19). This work measured the eyegaze behavior of 200
licensed drivers who viewed a 27 minute video of a drive through three metropolitan
areas to "observe the stopping power of outdoor" (p. 19). Although insufficient detail was
presented in the published reports to independently review the research, the results are
illuminating. First, the author suggests that recall scores (based on questioning of the
participants immediately after the simulated drive) "grossly (understates) the true impact
of outdoor advertising ... that outdoor is generating approximately two and one-half
times as much attention as recall scores would ever indicate" (Young, p. 20). Second, the
research found that "outdoor advertising located near highway signage tends to generate
greater attention. We hypothesize that the highway signage tends to wake up the driver;
his state of alertness increases and his attention to advertising and signage in the
immediate area tends to get enhanced" (Young, p. 21). Finally, the research found that
outdoor advertising attracts attention regardless of whether the displayed message is of
interest/relevance to the driver or not. These findings, and particularly the last, obviously
intended for an audience within the billboard industry, provide a useful comparison to the
findings of several of the studies discussed in Section 2 of this report. In particular,
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Young's finding that billboards attract a driver's attention whether or not the message is
of interest or relevance, is quite similar to the findings of Crundall, et a!. ( 1999), and
Theeuwes, et a!. (1998, 1999), both of whom showed that drivers do not, and cannot,
ignore such irrelevant stimulation, even during the performance of a high priority task.
Interestingly, Young's findings run directly counter to arguments routinely made by
industry representatives in discussions with regulators -that there is no adverse safety
consequence of billboards because, when a driver is engaged in a demanding task, he
simply ignores the advertisement. An updated version of this report was issued in 2000,
but has not been made public.
In addition to Perception Research Services, there are an unknown number of
organizations that offer testing and assessment services to the billboard industry, or
provide technologies to assist in such testing. Numerous technologies have been
developed to perform such analysis, including simulator studies (PreTesting Company,
Undated) billboard-mounted eye-tracking devices (Skeen, 2007), and others.
We are aware of only two billboard industry sponsored research studies that have
addressed DBBs empirically. These studies have been comprehensively reviewed
previously by Wachtel (2007), and the full details of those reviews are not repeated here.
The interested reader can examine the full reviews at:
http://www.sha.state.md.us/UpdatesForPropertvOwners/oots/outdoorSigns/FINALREPO
RTl 0-18-GJA-JW.pdf. Below, we have summarized the concerns that were discussed in
the earlier reviews, as well as the comments of other independent peer reviewers. Overall,
the reviewers have found serious weaknesses in both studies; weaknesses that call their
findings into question. Conversely, in one of the two studies, data was collected but not
fully analyzed or reported that should have led the researchers to conclude that there
were, indeed, adverse safety consequences of roadside digital advertising signs.

Tantala & Tantala (2007)
This study was performed for the Foundation of Outdoor Advertising Research
and Education (FOARE), an arm of the Outdoor Advertising Association of America
(OAAA). The authors performed a post-hoc accident analysis study in which they
reviewed statistical summaries of traffic collision reports, the originals of which had been
prepared by investigating police officers. There are serious, inherent weaknesses in the
use of this technique; such weaknesses have been understood and well documented for
many years (see, for example, Wachtel and Netherton, 1980; Klauer, eta!., 2006b, Speirs,
eta!., 2008). The use of this approach to relate crashes to driver distraction from DBBs,
however, raises additional concerns. These issues are discussed below.

Limitations of Post-Hoc Accident Analysis.
Any post-hoc accident study, in which researchers review statistical summaries of
traffic collision reports (TCRs) is limited, not only by the detail and accuracy of the
original reports, but also by the inherent simplifications imposed by the coding system
used to summarize the data in the first place. When a third party excerpts this summary
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data for inclusion in a statistical data base, as is the case here, the level of detail and
specificity that may have originally been present is further compromised. When such
summary data are used to relate crashes to driver distraction that may or may not have
been caused by the location and operation of DBBs, the interpretation of crash data is
subject to further limitations, discussed below.
In addition to the general methodological concerns discussed above, there are several
other important limitations to the viability of post-hoc accident analyses. These include:
It has long been known that the majority oftraffic collisions are never
reported to, nor investigated by, the police. However, it was not until the
conduct of the 100-car study (see, for example, Klauer, eta!. 2006b) that
researchers developed a "real world" understanding of the magnitude of this
issue. The study documented 69 crashes that occurred to participants while
driving their instrumented cars. Of these, 57, or 83%, were not reported to the
police. If this statistic is applicable to the driving population at large in the
U.S., then the fact that less than 20% of all crashes are reported to the
authorities suggests that post-hoc crash studies are underreporting crashes by a
factor of five. We believe that this problem is likely to be exacerbated with
distraction accidents, for reasons to be discussed below.
Unless a reported crash involves major property damage, serious injuries, or
fatalities, any police investigation is likely to be cursory. In most States, only
a serious crash requires a specialized investigative team to examine the
precursors to the accident (evidence such as skid marks, debris fields, etc.)
and to prepare a supplemental report. For the vast majority of police
investigated accidents, no in-depth investigation is performed.
As a result of the typical limited investigation, the crash location is generally
identified as the point of rest (POR) of the involved vehicle(s) after the impact
rather than the upstream location where the driver or drivers initially lost
control or failed to pay attention. For a study of driver distraction or
inattention, what matters is the location where the inattention or distraction
occurred. The POR of the involved vehicle(s) is meaningless. In fact, since the
POR may be a considerable distance downstream from the "distraction
location," not only will the TCR (and its statistical summary) fail to provide
the relevant information needed, but this summary data may lead to an
artificial understatement of the relationship between the source of the
distraction and the accident, should one exist. This is because more crashes
will be coded as having occurred at a roadway location that is not related to
the source of the distraction.
Drivers who are involved in crashes as a result of their inattention or
distraction are unlikely to willingly report their pre-crash behavior to an
investigating officer (Wallace, 2003 b, Speirs, et a!. 2008), due to concerns
about legal liability, insurance surcharges, or points on a driver's license.
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Indeed, the driver may not even be aware of having been distracted or
inattentive.
As a result of a driver's inability or unwillingness to recognize distraction as a
potential factor, an investigating officer is likely to check a box on the TCR
such as "failure to yield right-of-way," or "following too closely" for
expedience.
For these reasons, it is likely that the traffic co !lision summaries evaluated in this study
represent a substantial underreporting of the true total number of crashes that occurred on
the road sections studied within the analysis period. Further, it is likely that the
classification scheme (using vehicle point of rest as the accident location) artificially
reduces any true correlation between DBB distraction and driver errors that result in loss
of control, and, at the same time, artificially increases correlations shown to be unrelated
toDBBs.

Erroneous Underlying Assumptions.
The roadway sections for which data (accident report summary statistics) were
collected for this study rest on two basic underlying assumptions made by the authors.
The first assumption rests, in tum, on their determination of the distance from which a
DBB could be seen by an approaching driver. The second rests on the researchers'
decision to exclude from their data analysis those crashes that resulted from what they
called "data bias" or "intersection bias." We believe that these determinations, and the
assumptions based upon them, were seriously flawed. Each will be discussed in tum.

Assumptions about the Visibility Distance to DEBs.
The authors, justifiably, intended to analyze those crashes that occurred in the
vicinity of DBBs, i.e. those roadway sections in which an approaching driver could first
see, and subsequently read the message on such billboards. In other words, the crashes of
interest would be those that were initiated (i.e. where a driver first lost control or first
failed to attend to the driving task) during the time and within the road section that a
DBB was within the visibility or legibility range of an approaching driver. We would
want to compare such crashes to those that occurred on comparable roadway sections
where no DBBs were visible or legible.
It is imperative, therefore, that the researchers identifY, in advance of data collection,
those roadway sections which were, and those which were not, within the visibility and
legibility ranges of the seven DBBs that they studied. To support their determination of
these locations, the authors provide the reader with five different terms, none of which
are clearly defined in the report. These terms are: "visible range from route," "viewer
reaction zone," "viewer reaction distance (VRD)," "viewer reaction distance zone", and
"viewer reaction time (VRT)." The only one of these terms that is given a definition is
this tautological and confusing description ofVRD: " ... Viewer Reaction Distance (is)
how far from a billboard that the driver is potentially within the 'influence' of the
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billboard" (p. 45, 79). In other words, viewer reaction distance is the distance in which
the viewer can react to the DBB. Instead of providing a meaningful or operational
definition of this key term, the authors explain that "reasonable values for VRD were
previously determined in previous studies, and are a function of the driver's speed." But
no such previous studies are cited, and no other basis for the VRD formula is offered.
Regardless of the basis for the determination ofVRD, however, the researchers'
statement that it is a function of speed is simply wrong. Clearly, the distance at which a
driver can first see, and then read, any sign (DBBs included) is independent of speed; it is
only viewer reaction time that would be affected by speed. This is a critical error, because
this false assumption led the authors to identify those road sections upstream of each
DBB for which they would collect and review the accident summary data. If these
roadway sections were inappropriately truncated, and we will show below that this was
the case, potential billboard-related crashes would be missed, and the identified
correlation coefficients would be artificially and incorrectly reduced.
But the consequences of this error are even greater because of other mistakes made by the
authors.
They report that, at 65 MPH, the VRD is approximately 0.2 miles with a VRT of I 0
seconds (p. 79). But calculation demonstrates that, at 65 mph (95 ft!sec ), 0.2 miles is
traversed in 11 seconds, not 10. In addition, if the actual speed limit was 60 mph (88
ft/sec) and not 65 mph (see below), 0.2 mi requires 12 sec to travel. Thus, reviewing only
those crashes that occurred within a I 0 second VRT window would exclude an unknown
number of crashes that might have occurred when a DBB was visible to an approaching
driver. Further, the accuracy of the authors' selected VRD is further reduced because they
made no allowance for the fact that billboards on the opposite side of the roadway from
the driver's direction of travel (what they termed "left readers") have a longer viewing
time than those on the near side, and by their commingling of VRD with their
measurement of "distance to the nearest billboard" (pp. 45-46) - a term which they do not
define.
But their error in relating VRD to speed exacerbates this problem. Although Table 2-3 (p.
15), "Visible Range of Billboards Along Interstate Routes;" is never discussed in the
report, a review of its content sheds light on the issue. The table shows the "visible
range," in miles and feet, for each of the seven DBBs in the study. Although never
defined, visible range appears to represent the maximum distance at which each of the
seven DBBs studied could be seen by an approaching driver; these distances range from a
low of0.28 to a high of2.!5 mi upstream of the sign. Translating these distances to time
at 65 mi!hr, the DBB with the shortest visible range (#4) would be within an approaching
driver's visual range for 15.6 seconds, and the billboard with the longest visible range
(#5) would be visible for 118.9 seconds, nearly two minutes. Thus, the researchers'
decision to review only those crashes within 10 seconds upstream of any billboard is
insufficient even to assess the potential influence of billboard #4, the one with the
shortest visible range- no less any of the other six, all of which were visible for greater
distances, in one case more than ten times the limit chosen for data collection.
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In summary, the consequences for compromising the validity of the data of this study are
potentially high because the researchers' erroneous assumptions, even in light of their
own documented sight distances, led them to exclude all crashes that might have been
initiated in roadway segments further upstream from each of the billboards than they
chose to study, but well within the visibility range of those billboards.
In addition to issues of sight distance, it should be obvious that every visible DBB along
the route will have a different VRD and VRT depending upon numerous other factors, for
example, sign location, elevation, angle toward the driver's eye, brightness, size of
characters, roadway geometry, etc. None of these factors are addressed in the report.
If we look at legibility distance rather than visibility distance, the problem with the
researchers' assumptions is similarly problematic. To take one example, if we assume
(based on accepted industry practice) that 1 in of character height on a sign permits a
legibility distance of 40 ft, and that a 14 ft tall billboard face (as were all seven in this
study) with a character height of75% of the available height or 10ft 6 in (a reasonable
assumption based on scaling the DBB images in Figures 2-4 and 2-8 of the report), then
the legibility distance of such a sign would be 5040 ft (0.95 mi), nearly five times the
VRD assumed by the authors.
So, if even the legibility distance of some of the DBBs studied is greater than the
visibility distance accepted for analysis by the authors, there is a serious problem with the
data that forms the basis of their conclusions. Further, given the size, brightness, and
frequently changing imagery on DBBs, it is reasonable to assume that crashes initiated
within a given sign's visibility distance must be considered, well beyond the legibility
distance. In short, it is reasonable to assume that the gaze of an approaching driver might
be attracted to, and that such a driver might be capable of reading, a DBB at far greater
distances and for far longer periods oftime, than the authors chose to evaluate in this
study. It is reasonable to conclude, therefore, that the crash data accepted for inclusion in
this study, based on the researchers' artificially constrained assumptions ofVRD, has
resulted in a substantial understatement of the true number of crashes that have occurred
within the visibility and legibility range of the DBBs studied.
Finally, because Viewer Reaction Zone is never satisfactorily defined, the results
reported in Tables 4-1 to 4-4 cannot be verified. Similarly, because the Visible Range is
not defined, the results reported in Figures 4-2 to 4-9 must also be questioned.

"Data Bias" And "Intersection Bias"
One of the more troubling decisions made by Tantala and Tantala was to exclude
from analysis any reported crashes that were attributed in the accident summaries to what
they called "data bias." The reader cannot know exactly which such biases were
excluded, because they are never clearly defined and because the descriptions of them
change throughout the report. Indeed, as shown below, some of the stated biases are
listed in certain report tables but not others. Their "data biases" included:
- Deer hits (sometimes called animal related) 6
6

Discussed in Tables 4-5, 4-6, pp. 45, 49, 77
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Driving under the influence of drugs or alcohol7
Adverse weather8
Speeding9
Senior related 10
While it might be argued that deer hits, speeding, and DUI-related crashes were
appropriately excluded from the data analysis, it is understood that most crashes have
multiple causes, and it is possible that driver distraction may have played a role in some
or all such crashes as secondary factors even if it had not been identified as the primary
cause in the original TCR. On the other hand, it is recognized that adverse weather
conditions place higher perceptual and cognitive demands upon the driver, the very kinds
of increased workload for which researchers, traffic safety experts, and regulatory
authorities express the greatest concern about the potential distracting effects ofDBBs. In
addition, older drivers (as well as young, novice drivers) may be at higher risk for
distraction-related crashes, particularly when driving demands are high (see, for example,
Chan, eta!., 2008, Speirs, eta!., 2008, Fisher, 2009). Thus, the exclusion of such "data
bias" from their analysis raises additional questions about the basis for the researchers'
underlying assumptions. The authors' supporting statement that: "A more fair and
unbiased comparison of accident data would exclude accidents from known causes" (p.
63) is neither explained nor justified.
But it is their decision to exclude accidents in the vicinity of interchanges, called
"interchange bias" (pp. 49, 77), that is particularly troubling. In their own words, the
authors excluded interchange-related crashes because interchanges are where "drivers
undertake additional tasks such as changing lanes, accelerating/decelerating, negotiating
directions, and attention to others undertaking these additional tasks" (p. 78). It seems
obvious that such driver demands associated with intersections are the very types of
challenges that are of concern to the traffic safety community, and because interchange
areas are among the prime locations for high visibility billboards, their elimination from
this study is a cause for concern. If there is one issue about which all of the research
about billboard distraction and all of the published guidelines and regulations agree, it is
that billboards, and particularly DBBs, should not be located near interchanges, precisely
for the reasons that Tantala and Tantala excluded such accidents from their analysis.
Indeed, the Farbry, et al., (2001) study for FHWA specifically noted that intersections
and interchanges were highly demanding road locations, and that such locations should
be included in any study of electronic billboards. Thus, the authors' decision to ignore all
such data is of concern.
Although the decision to exclude crashes in the vicinity of interchanges is problematic for
the "temporal" (before-and-after) study that the authors conducted, it is more harmful in
that section of the report that deals with "spatial" factors. One concern is that the reader
cannot know which accidents were excluded due to "interchange bias" because the
7

Discussed in Tables 4-5, 4-6, pp. 45, 49, 77
Discussed in Table 4-5, pp. 49, 77 ("snowfall" and "icy roads" on pp. 49, 77)
9
Discussed in Table 4-6
10
Discussed in Table 4-6 (age 65 and above)

8
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authors describe this exclusion zone in two conflicting ways within the same sentence.
They state, in part, that they excluded "those accidents and billboards on interchanges
(entrances/exits) within one mile ( 1/4 mile on each side of an interchange)" (p. 78).
Regardless of whether they actually excluded accidents within Yz, 1, or 2 miles from
interchanges, any resulting findings are confounded by the fact that at least three of the
seven billboards chosen for study (#3, Figure 2-8; #4, Figure 2-10; #7, Figure 2-16)
appear, from photographs, to be in close proximity to interchanges. Thus, given that some
percentage of accidents in the vicinity of these DBBs was excluded due to the signs'
proximity to the nearby interchanges, this artificially lowers the true number of crashes
that may have been contributed by driver distraction due to these DBBs. As a result, the
data for "bias adjusted" crashes in Tables 4-7 through 4-10, and in Figures 4-11 through
4-17 must be questioned.
Figure 1 below, taken from the ClearChanne!Outdoor website, shows the researchers'
Billboard Number 3 and its proximity to an I-90 interchange. As discussed above,
Billboards 4 and 7 are also close to interchanges. This leads to the rhetorical question- if
accidents in the vicinity of interchanges are excluded due to "interchange bias," and if
D)3Bs are very close to interchanges, how can one capture and analyze accidents that
occur close to the billboard? (Note that the authors provide no information about the
proximity of any of the DBBs studied to the nearest interchange).

Figure 1.
to an
same
28, p. 16, of the Tantala study. It is also Site# 22 from the Lee, eta! (2007) study,
discussed in detail below.
(Source: http://www.clearchanneloutdoor.com/products/digital/donlclevelandlindex.htrn)
Decades of research into driver distraction has shown that alert, experienced drivers can
tolerate some distraction when their task demands are not high, but that all drivers have
upper limits on their cognitive capacities, and that there are certain road, traffic, and
environmental conditions that may increase cognitive demands to the extent that
additional sources of distraction should be avoided. Thus, the exclusion from analysis of
some ofthe very types of crashes that might be expected to occur in the vicinity of DBBs
is troubling, and, as with the decision to artificially truncate the data collection in road
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sections upstream ofDBBs, results in a likely substantial understatement of the actual
crash statistics that took place in road sections where drivers were able to observe these
DBBs. Taken together, the choice of crash types to exclude is a serious weakness of this
study, given that some of the very kinds of crashes excluded are those that would be of
direct relevance to the potential for distraction caused by billboards.
In summary, the authors' decision to exclude from study crashes that may have been
affected by certain "biases" is critically flawed because it overlooks a basic
understanding of traffic crashes- that they are frequently multi-causal - and it is
precisely when such multiple factors are at play- adverse weather, older drivers,
complex interchanges, speeding - that cognitive demands on the driver are increased and
that irrelevant distraction cannot be tolerated. In other words, one should not exclude
such factors because they cause "bias" - these are exactly the factors that interact to
increase the likelihood of a crash when other factors such as inattention or distraction are
present, and they must be investigated.

Inappropriate Statistical Methods, Assumptions, Analyses.
A key concern, raised by peer reviewers, about the findings of this study is that
because of the limited before-and-after data collection periods (24 months) the sample
sizes obtained are too small to conduct a meaningful statistical analysis. In addition to
this concern, however, there remain others about the appropriateness of the research
methods used and the results reported.
The analysis performed in this study is based on what the authors call "commonly
accepted scenarios relating accident density to billboard density, to 'viewer reaction
distance,' and to billboard proximity (how far the accident is from the nearest billboard)."
But none of these terms is defined, no references to prior research are provided, and the
conceptual drawing used to explain these assumptions in Figure 4-1 (p. 46) provides
nothing more than a visual illustration of the authors' narrative statement. Thus, it is not
possible for a reader to form an independent opinion of what was actually done, what
assumptions were made, and how the data was collected and analyzed.
There are numerous examples of the erroneous use of statistics, both in terms of
assumptions made, errors in application, and misuse of findings.
For example, the researchers define annual average daily traffic (AADT) as "the total
volume of traffic in both directions of a highway or a road for one year divided by 365
days" (p. 33). But in their calculation of accident rates at "digital-billboard locations" (a
term that they do not define), they fail to account for the fact that the seven DBBs studied
were single-sided (i.e. they faced only one direction of travel). Thus, the authors have
overstated the actual AADT by a factor of two, and the actual accident rate is therefore
twice as high as reported.
In a section of the report titled "Accident Density and Billboard Density," it is clear that
the researchers have inappropriately commingled DBBs with traditional billboards along
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the route. By including all billboards in their metric for billboard density, they nullify
both their ability to compare digital with conventional billboards, as well as their
opportunity to compare digital billboards with the absence of billboards (an expressly
stated objective of the study). This weakness is exacerbated because of their failure to
control for the roadside environment (geometry, interchanges, presence of other objects
in the roadside environment that might attract a driver's attention, etc.) in areas where
billboards were present from those where they were not. For these reasons their statement
that: "If a noticeable correlation between billboards and accidents exists, then one would
expect a significantly larger number of accidents in areas with relatively high billboards
densities" (p. 78) is unsupportable.
As part of their statistical treatment of the data, the authors invent meaningless terms
such as "noticeable correlation" (p. 78). Further, despite their correct understanding that
correlation does not imply causation, they suggest otherwise on several occasions (see,
for example, pp. 2, 98). Further, they inappropriately suggest that no correlation less than
1.00 is indicative of any relationship. For example, they state: "Statistically, a correlation
coefficient of 0.7 or smaller is considered to indicate 'weak' correlation, at best, and does
not indicate much difference from correlation coefficients of zero" (p. 81). Quite to the
contrary, results from traffic safety research in the real world would typically consider
correlation coefficients of 0.7 to be quite high.
The researchers undertook both a "spatial analysis," discussed above, and a "temporal
analysis" to examine the incidence of crashes at locations where billboards had
undergone conversion from traditional (fixed) to digital display. Data was collected for
18 and 24 months prior to, and after, the conversion. Although this before-and-after
analysis is a necessary component of such an analysis, it is not sufficient. There is, in
fact, an essential weakness to the temporal analysis performed in this study. That is that
the researchers failed to compare the data at the billboard conversion sites to data at
comparable locations at which there were either no billboards present, or billboards that
were present but not converted to digital. It is possible that crash rates remained
essentially the same in road sections featuring converted billboards (as these authors
reported), but actually decreased in sections that included non-converted billboards, or at
non-billboard locations, during the same before-and-after study period. This very result
has been found in an earlier study of a single digital billboard near Boston (Massachusetts
Outdoor Advertising Board, 1976), and led directly to the order that the sign be removed.
This failure of the temporal analysis underlies the authors' inability to answer the
question that they posed early in the report: " ... what is the statistical relationship
between digital billboards and traffic safety?" (p. 4). This question is the one that should
have guided this research. However, the next sentence, also posed in the form of a
question, asks: "Are accidents more, less, or equally likely to occur near digital billboards
compared to conventional billboards?" Unfortunately, it was this second question that
guided the research, not the first. In other words, this study was not designed to
investigate the potential impact on crashes of digital billboards compared to the absence
of billboards; rather, it made the unjustified and unstated assumption that conventional
billboards were the acceptable baseline for comparison with DBBs. As a result of this
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assumption, the research methodology did not include true comparison sites where
billboards were absent, and thus any assessment of the contribution to crashes from
DBBs against a true baseline were impossible.
The announcement of the availability of this report on the website of the OAAA stated
that this study "offers conclusive evidence that traffic accidents are no more likely to
happen in the presence of digital billboards than in their absence." Clearly, since the
researchers made no comparisons between crashes in the presence and absence ofDBBs,
this claim is unsupportable.

Oversights, Omissions, and Evidence of Bias.
As discussed above, the metrics that the authors used to define the roadway
sections for which accident report summaries were analyzed were called "viewer reaction
distance" and "viewer reaction time". Obviously, each of these values is determined, in
part, on the posted speed limit or on prevailing speeds. The authors claim that they used
speed limit as their determinant, and that the posted limit was 65 MPH in all cases (p.
79). But this is incorrect. Figure 2 below clearly shows the posted Speed Limit to be 60
MPH. Although the reader cannot know whether this speed was in effect at all of the
studied sites, it was clearly the case for DBB #4. The significance of this error would
differ for each site, depending upon the sight distance for drivers approaching the
billboard in question. At 60 MPH, a driver approaching a DBB will be able to see and
read the billboard for a longer period of time than would be the case at 65 MPH, thus
requiring data to be collected and analyzed for a longer roadway section upstream of the
billboard, and far longer than any section that the authors chose to use. In other words,
possible driver distraction from a DBB might well have occurred earlier than the authors
reported, and, as a result, possible distraction-related crashes were artificially excluded
from the database.
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Figure 2. Image showing DBB #4 adjacent to posted Speed Limit signs. This image
shows the same DBB depicted in Figure 2-10, p. 17 of the Tantala study. Interchange
signs can clearly be seen, as can an additional billboard in the driver's view. This is the
same sign represented as Site No. 42 in the Lee, et al. report discussed below. (Source:
http://www.clearchanneloutdoor.com/products/digital/donlcleveland/index.htm)
The authors fill their report with information irrelevant to the study, while ignoring
information of interest. For example, on pages 23-27 and in Tables 3-1 and 3-2, they
describe in detail the total number of miles of interstate highways in the state and county,
the terminus of each roadway, and the base and surface type of all pavements. On pages
29-31, they provide cursory information about the location of each of the studied
billboards- again providing data on road surface and previous state work projects, and
repeating, verbatim, information already presented on pages 10-11. However, no
information is given about relevant concerns such as horizontal and vertical curvature,
merges or lane drops, presence of official signage, proximity of DEBs to interchanges,
multiple billboards within a driver's line of sight simultaneously, or intersection
characteristics such as entrances, exits, gores, etc., either for the system as a whole or
within the vicinity of the studied DBBs.
Bias is evident throughout the report. For example, the authors' state that their numbering
system for the billboards studied was "arbitrary" (p. 10), but a review of the website of
the billboard owner, ClearChannelOutdoor, shows that this information was supplied by
them. Several figures and tables in the report are taken directly from the ClearChannel
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website, and a ClearChannel executive was quoted as saying that his company had
"hired" the researchers to perform the study (Slobodzian, 2007).
It is typical in a research study such as this for the authors to identify prior research and
other sources that have informed their assumptions, methods, and conclusions. However,
despite listing 17 references, none are actually cited in the text. In addition, references
made within the report of prior research are not accompanied by citations; thus it is not
possible for the reader to verify the basis of the authors' claims.

Author Response.
One of the two authors of the paper, in a letter sent to the Director of Right-ofWay for the Texas Department of Transportation (Tantala, 2007) responded to the
previous Wachtel (2007) review and took issue with a number of statements made in that
review. This section discusses the Tantala response, and our conclusions based on a
review of the response and a resultant re-review of the paper and our comments to it.
The Tantala letter takes issue with two major criticisms that were included in the Wachtel
report (and are discussed in detail above). First, Tantala argues that the Wachtel criticism
of the report's exclusion of accident analyses beyond the VRD (approximately 0.2 miles
upstream of the DBBs at 65 mi/hr) "misrepresents our analysis, because we did not
exclude larger ranges. In fact, our analysis compiled statistics for a wide range of
vicinities" (p. 1). A review of the Tantala letter and are-review of the original report
reinforce our original criticism. The key phrase in the Tantala letter is: " ... we examined
accident data and statistics ... " While that may be true, any such data and statistics were
·not analyzed, and no supportable conclusions could be drawn from them. Indeed, the
Tantala letter refers the reader to two report Tables (2-3 and 4-11) and two Figures (4-24
and 4-25) in support of his arguments. Our re-review of Table 2-3 (p. 11) confirms that
this table merely identifies the "visible range" for each of the seven DBBs. Table 4-11 (p.
84) shows "correlation coefficients of various comparisons," and the one of relevance
here, accident density vs. VRD, simply reaffirms our criticism. Finally, the two cited
figures (pp. 90, 91) present nothing more than summary statistics (raw accident counts)
without analysis.
The second point made in the Wachtel review with which Tantala takes issue is that "the
review opines that our analyses should not exclude 'bias' factors because accidents are
often multi-causal and those are the very factors that increase the likelihood of accidents"
(p. 2). Tantala expresses his agreement with Wachtel's opinion, and states "we did
include this in part of our study. In fact, we performed an analysis that included all data
collected and compiled by the State of Ohio .... This robust, comprehensive and allinclusive data-set includes the very multi-causal accidents that the review references" (p.
2)." But the Tantala letter provides no link or reference to any pages, tables, or figures in
the report where a reader might find these all-inclusive analyses (those in which the
stated biases were included in the analyses). Indeed, our re-review of the paper,
undertaken as a result of the Tantala letter, finds no such analyses. In fact, only Table 4-5
(p. 54) addresses the all-inclusive vs. bias-adjusted accidents, and it merely presents the
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summary statistics of raw accident counts and accident rates with no accompanying
analysis. In contrast, after stating: "A more fair and unbiased comparison of accident data
would exclude accidents from known causes" (p. 63), the report presents a series of four
tables (4-7 through 4-1 0) and seven figures (4-11 through 4-17) that present "the number
of accidents with statistical bias events excluded within the visible range" (p. 63). If there
was any comparable presentation of the all-inclusive data within the report, this reviewer
could not find it.
In summary, Tantalus's letter defending the study against Wachtel's criticisms does
nothing to challenge the points made in the review and, as a result, reinforces the original
concerns raised by Wachtel.

Lee, McElheny, & Gibbons (2007).
As is the case for the Tantala and Tantala study discussed above, this study was
performed for the Foundation for Outdoor Advertising Research and Education
(FOARE), an arm of the Outdoor Advertising Association of America (OAAA). It, too,
has been previously reviewed (Wachtel, 2007), and the complete report can be accessed
at:
http://www.sha.state.md.us/UpdatesForPropertvOwners/oots/outdoorSigns/FINALREPO
RTl0-18-GJA-JW.pdf. Below we will review the major reported findings of the Lee, et
al., study, and discuss our principal concerns about the efficacy of this work.
The approach to this study was completely different from that of Tantala and Tantala,
although the two studies used the same DBBs. In this study, an instrumented car was
driven along a prescribed route by a volunteer sample of drivers, and some of their
driving behaviors and eye glances were recorded as they passed previously identified and
defined locations.

Study Overview.
In the main study, 36 participants drove an instrumented vehicle along a predetermined 50-mile route on surface streets and interstate highways in the Cleveland,
Ohio area. During the drive, the participants passed a number ofDBBs, conventional
billboards, "comparison" and "baseline" sites. In the final 8 sec of their approach to each
of these sites or "events," the direction of their eye glances was recorded, along with their
lane keeping and speed maintenance performance. A subset of 12 participants also drove
a similar, but shortened, route at night.

Methodological Concerns.
Eye Glance Recording.
Eye movement recording and analysis is a time-proven method for determining
where drivers are looking as they drive. Until recently, however, it has not been possible
to obtain precise eye glance data (with a precision of 1 deg or better) without the use of
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highly intrusive, head mounted equipment. The trade-off is to use recording equipment
that is mounted on the dashboard or other interior vehicle structure, but the weakness of
this less intrusive system is that eye glance information can then be obtained only for
more gross directions of gaze. In other words, while it is possible to record the general
direction in which a person is looking, it is not possible to know with confidence the
exact object (no less an image within that object) being viewed, or the distance from the
eye at which that object is located. Because this study employed such vehicle-mounted
equipment, the researchers could report only on the general direction of gaze and could
not identify if, or when, a participant was looking at a specific object (such as a DBB) in
the visual field.
Eye movement recording equipment must be calibrated separately for each participant,
and this calibration should be performed both before and after each participant's drive.
This is because eyeglance recording equipment can "drift" over time, vehicle vibration
during the drive could have changed the mounting position of one or more cameras, or
the driver could have adjusted the seat or otherwise shifted his or her position while
driving. Unfortunately, the authors calibrated the equipment only after each participant
had driven the route, and thus could not know whether the eye glances that they captured
were accurate and reliable.

Lack of control over site variables
The authors conducted their on-road studies on "interstate, downtown, and
residential road segments" (p. 27). Given that all five DBBs (study sites) were on
interstate highways, the decision to include some of the control sites (baseline,
conventional billboards, comparison sites) on roads other than interstates confounded the
data collection and made meaningful comparisons across sites impossible. When
conducting field research, the goal must be to reduce, wherever possible, extraneous
sources of variability. In this study, the decision to include study sites (DBBs) on
interstates and some control sites (the reader is not told which or how many) on surface
streets leads to additional uncontrolled sources of variability. Some of the significant
differences between these two types of roadways, any or all of which may have affected
the data, are: traffic speeds and flow; illumination levels; sight distances; access control;
at grade vs. grade separated intersections; presence or absence of traffic signals; and
divided vs. undivided traffic.
Even for the five DBBs that were the principal focus of this research, the authors seem to
have made no attempt to identify, no less control, extraneous variables such as traffic
speeds and volume, horizontal and vertical curvature, or other roadway and traffic
characteristics that might have interacted with the variables of interest Further, the
distance between adjacent study sites was often very short. For example, using the
Haversine formula, we calculated the distance between Site 37, a DBB, and Site 36, a
baseline site, as less than 1.2km. Other studied sites might have been even closer to one
another. Thus it is likely that the visibility ranges for adjacent sites overlapped,
confounding eye gaze and vehicle performance measurements and comparisons.
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The researchers selected some study sites on the right side of the road and some on the
left, then recorded and analyzed whether drivers glanced in the direction of these sites as
they approached and passed them. In some cases they found examples of participants
looking in the direction opposite to the site being studied. When such behavior occurred
in the presence of billboard sites, they interpreted this to mean that the billboard did not
draw the driver's attention. But there is no evidence to suggest that they sought to
identifY or control for the possible presence of billboards or other attention-getting targets
that may have existed opposite from their study sites or otherwise within the driver's field
of view simultaneously. In other words, when they selected a study site on the right,
there is no indication that they made sure that there was nothing on the left that might
capture the driver's attention. If, in fact, they did not identifY and control for such
opposing sites, then the eye glance data that they captured are suspect. Since they do not
report any efforts to evaluate and control for such conditions, one must assume that they
did not do so. In short, it is entirely possible that glances to the left when a billboard was
on the right (or conversely) were made because there was a competing, perhaps more
compelling, site across the road from the study site that was neither controlled nor
evaluated. Figure I, for example, shows the DBB that served as Site# 22 on the right side
of the road 11 . But the figure also shows a large billboard on the left side of the road that
appears in the center of the image. If the researchers captured eye glances straight ahead
or to the left at this location, they might have been due to the participant looking at this
uncontrolled billboard. A similar concern exists for uncontrolled sites that might exist on
the same side ofthe road as a site of interest and within a driver's field of view as he or
she approached that site. Given the lack of precision of the eye gaze data obtained, there
was no way for the researchers to know whether a particular participant was looking at
the study site or an unidentified site visible simultaneously for which they did not control.
Although the five DBBs studied were all of the same size, the reader is given little
information about other important characteristics of these signs; characteristics that could
have had a direct impact on their attention-getting qualities, such as their height, angle to
the drivers' line of sight, and proximity to the road. Further, the reader is told little about
roadway geometry, prevailing traffic speeds and volume, etc. Any of these factors may
have affected the comparability of sites. Even though all five DBBs were 14' high and
48' wide, they were mounted at very different heights relative to the road surface.
Further, there was no consistency of sizing of conventional billboards or signs on the
comparison sites. Indeed, the researchers state that conventional billboards included a
"few" that were of other sizes, including "standard poster, junior paint, and 10'6" x 36'
bulletins" (p. 21). Since the size of a billboard or other sign, and thus the size of the
characters that can be displayed on it, likely has a direct relationship to the distance from
which it can be seen and read, this failure to control for sign size and other characteristics
relative to a sign's visibility and legibility range is an important oversight. In our
opinion, without any effort to control these basic site and sign characteristics, it is
difficult for the researchers to defend any interpretations they may have made from their
data in comparing driver responses to DBBs against responses in other locations.

11
Note -this figure was taken from the ClearChannelOutdoor website- it was not shown in either of the
two studies discussed herein although we have confirmed that it is the study location cited in the reports.
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Confounding of data collection sites.

The researchers selected four types of "events" or "sites" at which to collect data.
For the main (daytime) portion of this study, there were 5 DBB locations, which we have
called study sites, and three other types of locations, which we have called control sites.
The latter included 15 "conventional billboards," 12 "baseline sites," and 12 "comparison
sites." Because the report provides no images or drawings of any of the 44 locations, and
because the descriptions and definitions of the site characteristics, particularly for the
baseline and comparison sites, are vague and inconsistent, it is not possible for the reader
to determine just how these site types compared to one another. For example, at one
point, the authors state that baseline sites contained no signs of any kind (p. 6). At
another, the reader is told that some baseline sites (the authors do not state how many) in
fact, did contain signs. A more serious concern, however, is with the multiple, conflicting
definitions and descriptions of the comparison sites. The reader is first told that
comparison sites are "similar to items you might encounter in everyday driving" (p. 8).
On page 21, these sites are described as "areas with visual elements other than
billboards." Later on the same page the reader is told that some of these sites included onpremise signs, variable message signs, and "digital components." Finally, Table 2 (p. 22)
describes one comparison site as a "tri-vision billboard" and three others as "on premise
LED billboard(s)." To the average motorist, and from the perspective of driver distraction
potential, the distinction between an on-premise and an off-premise digital sign display is
meaningless. One must conclude that at least some of the comparison sites may have
been just as visually compelling and distracting, if not more so, than the DBB sites that
were the principle focus of the study. Clearly, this intentional confounding of study and
control sites (the researchers selected each of the sites to study) would artificially reduce
any adverse findings from DBBs by showing them to be no worse than existing sources
of distraction present at the comparison sites.
As expected, the study's findings bear out this concern in that, for many measures, the
DBB and comparison sites elicited similar results, and these results differed, often
significantly, from those obtained at conventional billboard or baseline sites. The
problem for the researchers is how to treat these findings given their a priori
inappropriate site selection decisions; the problem for the reader is how to interpret them.
In our opinion the approach adopted by the researchers is seriously flawed. It takes the
clear evidence found in this study that roadside digital advertisements (whether on- or
off-premise) are associated with adverse driver performance, and manipulates this
evidence to suggest that there is no problem with digital billboards because drivers are
equally distracted by other "comparison" sites. In short, the authors' false assumption that
their chosen comparison sites were appropriate control locations against which to
compare the effects ofDBBs enables them to slant their findings to suggest that, because
driver performance in the presence of digital billboards is similar to their performance in
the presence of these equally distracting "comparison" sites, there is no cause for concern
about the safety ofDBBs. We believe that the data suggests otherwise, as discussed
below.

104

The choice of an 8-second data recording interval.
The researchers chose a time period of 8-sec in advance (upstream) of each site
during which to record driver performance and eye glances. This data recording period
ended when the instrumented vehicle passed each event. The assumption that 8 sec was a
reasonable data capture interval, and the researchers' ability to define and measure this
interval, raises several methodological concerns.
At 65 mi/hr, the presumed speed on the freeways studied, a vehicle travels approximately
95 ft!sec. Thus, during an 8-second interval, a vehicle will travel 760 ft. The accepted
practice for highway signs is that 1 in of Jetter height can be read from approximately 40
ft. So, for a billboard with 24 in high characters, the sign can be read from approximately
960 ft. Indeed, several of the billboards used in this study likely included characters much
larger than 24 in and thus could be read at even greater distances (given clear sight lines
upon approach). Figure 3, enlarged from Figure 2-4 (p. 13) of the Tantala and Tantala
study, depicts characters approximately 84 in high (the DBB face is 14ft tall). These
characters are theoretically legible (no less visible) from a distance of 3,360 ft. At 65
mph, this sign could be read for approximately 35 sec, more than four times the data
collection interval used in this study. In addition, because of the brightness, contrast, and
image quality of digital billboards, and the fact that (in Cleveland) their messages change
every 8-seconds, it is apparent that driver attention to the billboard may be initially
attracted at far greater distances than those at which the message can actually be read. As
a result, the choice of an 8-sec data recording interval is likely to result in a substantial
understatement of the distracting effects of digital billboards compared to other roadside
sites including more traditional billboards and on-premise signs.

Figure 3. An enlargement of the DBB that served in both the Tantala & Tantala and Lee,
et al. studies. Scaled measurement shows the numerals to be approximately 84 in. high.
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The authors state that they chose an 8-sec data collection period because the "digital
billboards were programmed to change messages instantaneously once every 8 seconds;
an event length of 8 seconds thus made it highly likely that a message change would be
captured during the event" (p. 21). This argument is flawed for several reasons. First, as
described above, the sight distance and legibility distance, coupled with the size of the
signs studied and their character height, demonstrates that digital billboards can be seen
and read far earlier than 8 sec in advance of the sign, thus suggesting that the data
recording interval should have been much longer. Second, had the researchers selected
any data recording interval longer than 8 sec, it, too, would have permitted them to
capture a message change during each driver's approach to the event. Finally, despite
their understanding of the potential importance of a driver observing a message change
during his or her approach to the DBB, the researchers never actually reviewed or
analyzed any data related to this message change, and therefore had no way to evaluate
any possible driver response to it.
Some signs are located perpendicular to the driver's direction of travel. Others, such as
some two-sided billboards and many on-premise signs, may be located at other angles,
including parallel to the driver's direction of travel (such as when mounted on a building
fayade ). In addition, the lateral distance of each sign from the driver's line of sight varies
greatly as a result of factors such as: lateral distance from the road edge, and the number
and width of lanes, medians, and shoulders. If the same 8-sec point for passing a sign was
applied regardless of sign angle and lateral distance, then some signs would be visible to
drivers for less time than others, thus rendering the 8-sec recording interval inconsistent
across the studied sites.
In summary, the researchers' choice of an 8-sec data recording interval was inappropriate
for several reasons, and resulted in unequal exposure to signs of interest across sites. A
more appropriate way to determine the data collection interval would have been to
identify the point at which a billboard or other sign of interest fell outside a
predetermined angle of view from the driver's line of sight along the road axis, and to
define the data recording interval upstream from that point. This would have assured a
more equitable, and comparable, identification of sight distance and would not have had
the effect of artificially reducing the available glance times and control measurements
made for the signs of interest in this study.

Measurement of nighttime luminance levels.
The authors measured the luminance levels of different sites at night. They took
these measurements from the participant-driver's eye position, a decision which masked
and minimized the actual brightness differences between the DBBs and the other sites. A
more appropriate comparison would have been from measurements taken directly in front
of each of the signs of interest (as recommended in, for example, TERS, 2002; NYDOT
2008a) so that the authors could be sure that they were comparing sign against sign
without the contribution of the general ambient environment. Several other weaknesses
affected this measurement approach. First, taking measurements from the driver's
position would have yielded non-comparable readings even if every sign had the same
luminance, merely because the signs were positioned at different angles to the driver, and
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were located at different horizontal and vertical distances from the driver's eye. Second,
the authors do not state whether some of the (non-DBB) sites measured at night were
those on surface streets and whether there were fixed luminaires within the range of the
luminance meter at such sites. The presence of fixed lighting would also have reduced the
actual luminance differences between DBBs and other sign sites. Third, since the DBB
displays changed every 8 sec, the luminance levels on these signs changed accordingly.
Thus, unless the researchers measured each DBB with the identical display (highly
unlikely), they would have no way to compare the light output of the different DBBs.
They would not know, for example, whether measured differences between DBBs were
due to actual sign output, different brightness settings, or differences between displayed
messages. Despite these limitations in measurement strategy, however, and despite the
fact that the digital billboards were automatically dimmed at night, the authors recorded
nighttime luminance levels at the driver's eye position that were, on average, I 0 times
greater for the DBBs than for baseline sites, approximately 3 times brighter than sites
with conventional billboards, and approximately 2.5 times brighter than comparison sites.
The authors' state: "this probably explains some of the driver performance findings in the
presence of the digital billboards" (p. 68).

Inappropriate and Inconsistent Statistical Treatment.

Eye glance recording and long duration eye glances.
One of the greatest weaknesses of this study is the authors' failure to follow their
own recommendations as expressed in their review ofthe work by Wierwille (I 993),
Horrey and Wickens (2006), and the "1 00 car study," (Dingus, eta!., 2006). This error is
compounded by their questionable decision to analyze and present only selected data that
they collected, choosing not to report their own findings that might have undermined
their conclusions. These actions require some explanation.
The authors collected and recorded four types of eye glance behavior at each of the four
types of sites: glance frequency, glance duration, average duration per glance, and total
eyes-off-road time. Of these four measures, those that deal with the duration of eye
glances off the road are of the greatest relevance because long duration eye glances at
distracting stimuli have been implicated as predictive of crash risk in several prior
studies, including those by Wierwille (1993), Smiley, eta!., (2005), Horrey and Wickens
(2006), and Klauer, eta!., (2006a). Lee and her colleagues are clearly aware of this work,
as they state as early as the study abstract: "Various researchers have proposed that
glance lengths of 1.6 seconds, 2.0 seconds, and longer may pose a safety hazard" (p. 6).
The authors follow this statement with an overview of their own results, in which they
claim to have found no pattern of longer glances to the digital billboard sites: "An
examination of longer individual glances showed no differences in distribution of longer
glances between the four event types" (p. 6); and: "An analysis of glances lasting longer
than 1.6 seconds showed no obvious differences in the distribution of these longer
glances across event types" (p. 9). These two statements are misleading, and wrong, as
discussed below.
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In their introductory description of eyeglance results (p. 52) the authors list the seven
questions that they sought to answer with the eyeglance data collected. The seventh
question was: "Are longer glances (longer than 1.6 s) associated more with any of the
event types?" This is, of course, a key question, because of recent research that identifies
such "longer glances" as being associated with a higher crash risk. After listing the seven ·
questions, Lee and her colleagues present a summary and analysis of their findings
relative to each. For six of the seven questions, they performed an analysis of variance
(ANOVA) to analyze the data, and they report their tests of statistical significance in both
graphical and narrative form (see Figures 17-22, pp. 53-58). It is only for the key
Question 7, the one that addresses longer glance durations that the authors apparently
performed no such analysis and offered no test of statistical significance (see Figure 23,
p. 59). The reader might ask why, but the authors provide no explanation. After restating
Wierwille's recommendation that 1.6s be used as a criterion representing a long glance
away from the roadway, and after again explaining that their approach in analyzing this
data followed that recommended by Horrey and Wickens, "who suggest analyzing the
tails of the distributions whenever eyeglance analysis is performed" (p. 59), Lee and her
colleagues failed to perform this analysis. Instead, it appears that they performed nothing
more than a visual inspection of the data presented in their Figure 23 (p. 59), the figure
that depicts the distribution of glance durations for the four different event types. Perhaps
as a result of performing only this visual inspection, they state: "As shown in Figure 23,
.the distributions of glance duration were similar across all event types, and there was no
obvious pattern oflonger glances being associated with any of the event types" (p. 59).
This statement is wrong, as discussed below.
This failure to report key findings is even more surprising because of the results that the
researchers obtained in response to their Questions 5 and 6. These two questions asked
whether the "mean single glance time" varied according to the type of event. Question 5
asked this question for events on the left side of the road; Question 6 addressed events on
the right side of the road. In both cases, the Lee and her colleagues found that digital
billboards and comparison events had statistically longer mean single glance times than
did baseline or conventional billboard events (F3,73 = 3.59, p = 0.0176left, and (F3,77 =
3.73, 0.0147 right), and that the DBB and comparison sites did not statistically differ
from one another. In addition, in an effort to "increase power and verifY the above
findings" (p. 60) the researchers aggregated the left and right eyeglance data. This
combined analysis confirmed with statistical significance (F 3,91 = 4.98, p = 0.0030) that
"digital billboards and comparison sites did not differ from one another, but each differed
from conventional billboards and baseline events" (p. 60).
These findings alone should have led the researchers to statistically evaluate the longest
such glances, the tails of the distribution, as they said they would in posing Question 7,
and as they did for every other question .. But they did not do so.
Figure 4, below, reproduces the authors' Figure 23 (p. 59) together with its original
caption.
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Figure 4. A reproduction, in original size, of the authors' Figure 23 (p. 59), together with
its original caption.
The authors do not provide sufficient information about these measured glance durations
to permit the reader to perform an independent analysis of their data. However, an
inspection of enlargements of these four charts enables a non-statistical independent
review oftheir findings. Using the tails analysis as recommended (but not performed) by
the authors (following Horrey and Wickens), and using both 1.6 sec (the Wierwille
criterion) and 2.0 sec (the 100-car study cut-point), we find the following:
Approximately 5.5% of baseline sites and 7.5% of conventional billboard sites
captured glances of 1.6 sec or longer compared to 13% ofDBBs and 16% of
comparison sites.
Approximately 2% of baseline sites and 4.5% of conventional billboard sites
captured glances of2.0 sec or longer, compared to 7% ofDBBs and 8% of
comparison sites.
No glances longer than 3.0 sec were made to either the baseline or conventional
sites, but glances of3.0 sec or longer were made to both DBBs and comparison
sites.
In summary, this visual inspection of the researchers' data suggests that long glances
occur two-to-three times more often with DBBs and comparison sites than they do with
baseline or conventional sites, and that the longest glances (3.0 sec or longer) occur only
with these sites. These results suggest important differences for the longest glances, the
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ones that highway safety experts are most concerned with. One must ask why the authors
chose not to perform a statistical analysis of this data, particularly when they did so for
every other set of eyeglance data, and why they reported that their visual inspection of
these data suggested that there was "no obvious pattern of longer glances being
associated with any of the event types" (p. 59). The report offers no explanation.

Misleading and Inconsistent Reporting and Evidence of Bias.
Throughout the report, there are conflicting and inconsistent statements, and
evidence of bias.

Was this a "naturalistic" study?
Although described by the authors as a "naturalistic study," and modeled
superficially upon the much larger, 100-car study performed at the same institution(Dingus, eta!, 2006; Klauer, eta!. 2006a,b), this study exhibits few of the characteristics
of a true naturalistic study (Hanowski, 2009).
Although they used an instrumented vehicle with on-board cameras, and although their
participants drove the route without a researcher present in the vehicle, this study differs
significantly from the 100 car study in several key ways. First, the four on-board cameras
used to record views ofthe road and of the drivers' glances were not unobtrusive as they
were in the 100 car study. Rather, they were prominently located on the driver's side Apillar and adjacent to the rear view mirror. These camera locations are shown in Figures
8-10 of the report (pp. 32-33). Second, the duration of the present study was less than two
hours per participant, whereas, in the 100 car study, participants kept their instrumented
vehicles in their possession and used them daily for several months. Third, participants in
the present study had to follow a prescribed route (to ensure that they would pass the
DBBs and other events that were the subject of the study), using a set of printed
instructions taped to the dashboard, whereas in the 100 car study, participants were free
to drive when and where they chose in the course of performing thdr daily activities. In
short, whereas the participants in the 100 car study may well have become acclimated to
their test vehicles over time and ignored the fact that they were participating in a research
study, the participants in the current study were fully aware that their performance and
behavior was being monitored and recorded- thus their behavior could not reasonably be
described as "naturalistic."

Literature Review.
The authors' approach to their literature review is illustrative of the bias shown
throughout the report. There is a long history of published literature examining the
relationship of roadside billboards to crashes and to driver behavior. Relevant studies
dating as far back as 1934 have been identified and reviewed by others; and research
continues to be conducted and reported to the present day. The authors chose to discuss
only a small, highly selective subset of these studies. As will be seen below, it is clear
that the studies reported, particularly the early work in this field, were selected because
they were supportive of the authors' position. When they cite studies that reported
findings at odds with their position, the authors dismiss them as poorly done or irrelevant;
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conversely, studies that report findings consonant with these authors' views are praised
with descriptors such as "rigorous."
Their reporting about two early epidemiological studies is illustrative of their approach to
the literature. The authors cite an article by Rykken (1951), a two-page interim progress
report on a roadside study conducted in Minnesota. They quote from Rykken: " ... no
apparent relationship was found between accident occurrence and advertising sign type or
location" (p. 12). What they fail to say, however, is that Rykken called his result "a very
preliminary study of approximately 170 mi. of the 500 mi. study segment (p. 42).
Significantly, Lee, eta!. fail to cite the final report of the subject study (Minnesota
Department ofHighways, 1951) which concluded, in part: "An increase in the number of
advertising signs per mile will be accompanied by a corresponding increase in accident
rate" (p. 31 ), and "intersections at which four or more (advertising) signs were located
had an average accident rate of approximately three times that for intersections having no
such signs." This final report has been extensively cited and reviewed by previous
researchers. Wachtel and Netherton (1980), in particular, discussed it at length. It is
puzzling, therefore, why these authors cited the interim progress report and ignored the
final document.
Lee and her colleagues followed the same approach in their review of a parallel study
conducted in Michigan. They cite an interim study report by McMonagle (1951) that
looked at only partial findings (p. 12), and ignored the study's final report (Michigan
State Highway Department, 1952) which found that illuminated advertising signs showed
"an appreciable association with accident locations" (p. 6).
In a confusing discussion about a study by Rusch (1951) which analyzed crash reports on
Federal and State highways in Iowa, the authors fail to report on Rusch's own published
results, and offer no evaluation of his actual study. Instead, they cite a brief review by
Andreassen (1985) (ignoring all other published reviews of the Rusch work) which
stated, in part: "the greatest number of inattention accidents occurred on the sections
where business and advertising predominated as the roadside property usage, but this
does not prove anything about the effect of advertising signs on accident occurrence" (p.
13). Given that Rusch's actual findings, despite methodological weaknesses that often
affected these early field studies, demonstrated that the number of accidents was more
than double in the study section (where 90 percent of the businesses and roadside
advertising signs were located) than in either of the two control sections, given that
"inattention" accidents predominated over both "business" and "other" accident
categories in this study section, and given that the results were confirmed after statistical
correction for mileage per segment, the researchers' treatment of this study is puzzling.

ObfUscation of Study Purpose and Intentional Confounding ofStudy Sites
The stated purpose of this study was to "assess the effects, if any, of digital
billboards on driver behavior and performance" (p. 8), not, as suggested in the Abstract,
to ascertain whether driving performance in the presence of digital billboards was similar
to performance in the presence of other, primarily on-premise, digital signs. As discussed
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above, the researchers clearly found that DBBs did have an adverse impact on driving
performance, and the fact that this adverse impact was similar to the adverse hnpact from
similarly distracting signs that might have been on- rather than off-premise does not
diminish this finding nor make it acceptable. The authors admit that "there are
measurable changes in driver performance in the presence of digital billboards" (p. 6),
and, as demonstrated in the body oftheir report, these changes are adverse and
statistically significant. It is inappropriate to suggest that such adverse impacts are
deemed acceptable (or "safety neutral" in the authors' coinage) merely because they "are
on a par" with the adverse effects of other digital signs that happen to be other than
billboards because they may be located on the premises of roadside businesses.
Baseline sites should have been, as stated in the abstract, "sites with no signs." But, as
described elsewhere in the report, an unidentified number of them did contain signs, thus
diminishing their potential to serve as true control sites and, likely, minimizing the
differences in glance behavior between DBBs and true baseline sites.
In direct conflict with a statement in the Abstract, and as discussed in detail above, longer
individual glance patterns (greater than 1.6 and 2.0 seconds) did show differences
(actually, rather dramatic differences) between the event types. In fact, per the authors'
own statements elsewhere in the report, and as shown by several other researchers, these
differences at the tails of the distributions for glance duration may be critically important
in assessing the true impact of digital billboards on driver performance and behavior.
Similar misstatements are made throughout the Executive Summary, and will not be
repeated here. However, the expressed "finding" that: "An analysis of glances lasting
longer than 1.6 seconds indicated that these longer glances were distributed evenly across
the digital billboards, conventional billboards, comparison events, and baseline events
during the daytime" (p. 7) is clearly inaccurate. Critically, the data discussed in this
"finding" was not analyzed by the researchers in accordance with their own data analysis
recommendations, nor was such data even collected for the abbreviated nighttime study,
when we would have expected such findings to be even more dramatic than they were in
the daytime study.
The authors identified five DBBs for study. These are identified by latitude, longitude,
route number, and side of road in Table 2 (p. 22), and shown graphically on a map in
Figure 2 (p. 23). With this information, that reader can view images of these DBBs from
either the Tantala report or from the website of ClearChanne!Outdoor, at
http://www.clearchanneloutdoor.com/products/digital!donlcleveland/index.htm .
Examination of Figures 1 and 2 in our report may lead the reader to question the accuracy
of the authors' statement that: "The Cleveland digital billboards ... were located off to the
side of the roadway in straight-away sections of interstate with no interference from hills,
curves, or intersections" (p. 19).
The authors provide voluminous data for irrelevant issues (e.g. 124,740 video frames
analyzed, 96,228 data points collected, 8,678 eye glances identified, etc.) but offer no
information useful to readers who might want to know what was actually studied. For
example, there are no images of any of the billboards or other sites studied, there is no
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indication of the precision with which eye gaze was captured, etc.). It appears as if the
researchers intended to overwhelm the reader with useless information in an attempt to
avoid questions about the real issues.
There are numerous statements throughout the report that, on the one hand, are irrelevant
to the study, and, on the other, demonstrate a clear pro-billboard attitude. Some
examples:
"The lead author of this report recently participated on an expert panel charged
with providing recommendations for a minimal data set to be included on police
accident reports; billboard were never raised as a possible distraction ... " (p. 11).
"After a long gap in research, there were a few additional studies in the 1960's
through the 1980's, none of which demonstrated that billboards were unsafe." (p.
11)
"The national crash databases do not mention billboards in their list of driver
distractions." (p. 14) ·
Findings that DEBs are "Safety Neutral. "
The authors invented the term safety neutral (p. 10) to describe their conclusions
about the impact ofDBBs on driver distraction and performance. They state: "Although
there are measurable changes in driver performance in the presence of digital billboards,
in many cases these differences are on a par with those associated with everyday driving,
such as the on-premise signs located at businesses" (p. 6). In other words, the authors say,
because other roadside distractions such as their "comparison sites" (which, they note
elsewhere, contained multiple signs, changeable message signs, and digital, flashing, and
video displays) are also associated with difficulties in speed and lane maintenance and
excessively long glances away from the forward roadway, DBBs should be considered
safety neutral because their adverse effects on driver performance are similar to the
effects from these other digital advertising signs ..
The authors are able to reach this conclusion because of their intentional confounding of
the DBB and comparison sites. The intentionality of this confound is demonstrated by the
fact that the researchers had complete freedom to select the (50-rriile long) study route
and to choose the test sites anywhere along that route. That they chose "comparison sites"
which often included digital signs, changeable message signs, and flashing and video
signs, made it highly likely, even prior to data collection, that they would find similar
results from these "control" sites and from the DBB sites, and that they would thus be
unable to demonstrate whether the DBBs were more or less distracting to their participant
drivers.
As expected, the researchers found quite similar driver performance and behaviors at
these two types of sites, and these performance and behavior variables differed, in the
critical area of eyeglance behaviors, from the two other types of sites studied
(conventional billboards and baseline sites). The clear lesson, had the researchers chosen
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to accept it, was that sites containing digital imagery with changing messages (whether
on- or off-premise) were more demanding and more distracting than sites devoid of such
sign characteristics. Yet, the authors took this obvious conclusion and twisted it in favor
of their biases by reporting that DBBs were "safety neutral" because the adverse, and
potentially unsafe, driver behaviors that they observed at such sites were generally
similar to the behaviors that they observed at the comparison sites. This conclusion,
accompanied by the authors' contrived term "safety neutral" seems to reflect obvious
bias, and flies in the face of efforts to promote highway safety by reducing, not
increasing, the number of irrelevant, distracting, roadside stimuli.

Correlation and causation.
Throughout the report, the authors confuse the terms correlation and causation.
Although it is clear that they understand the important differences between these two
types of statistical analysis, they often slip into the erroneous mode of citing a study
whose sole purpose was to measure correlation, and criticize that study because it failed
to prove causation. These fallacious comments are in line with a long tradition in the
outdoor advertising industry of suggesting that there can be no relationship between
billboards and traffic safety because billboards have never been shown to cause
accidents.
Nighttime data collection.
Digital billboards are of particular concern to traffic safety experts at night, due to
their ability to achieve high brightness and contrast levels, their high resolution imagery,
and their visually compelling message changes, all of which can act to capture the
attention of the driver at the expense of other targets in the visual scene (such as official
signs and signals, pavement markings, and other vehicles). Because of the recent
emphasis on the tails of the distribution in research studies and the long-standing practice
of road safety considerations for the 85'h (or higher) percentile, it is increasingly
recommended to researchers that they examine the "high risk" or "worst case" scenarios
in their studies, particularly when time, budget, or logistical constraints limit the number
of participants. We question, therefore, why Lee and her colleagues chose to perform
only a limited night-time study, one which included, by design, too few participants to
enable the researchers to analyze their data statistically. This decision is particularly
troubling because, as might have been hypothesized, the researchers found indications of
greater distraction by digital billboards vs. control sites at night. In fact, unlike the
daytime study, they found that all four of their eyeglance measures showed that DBBs
and comparison sites were more distracting and attention-getting than the conventional
billboard and baseline sites (pp. 64-66), and, they believed, at least some of these findings
"would show statistical significance" in a larger study (p. 64).
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SECTION 4.
HUMAN FACTORS ISSUES
As shown by the diversity of the published literature in this field, concerns about
the potential impact ofDBBs on road safety are based on a number of human factors
concepts and principles. Much of the discussion about human factors issues is captured
in the reviews of research and the development of, and recommendations for, guidelines
and regulations ofDBBs that appear in other Sections of this report. This section presents
a brief overview of these key human factors issues.

Conspicuity is often defined as the ability of a stimulus to stand out from its
background. Traffic engineers want to ensure that official traffic control
devices (signs, signals, and markings) are sufficiently conspicuous, day and
night and in all weather conditions, that they communicate their message to
the driver unambiguously, reliably, and in a timely manner. But the large size
of roadside billboards (typically 14ft by 48 ft), the placement of some such
billboards close to, or directly within, the driver's line of sight, frequently
changing messages and images that can appear to be flashing, and extremely
high levels of illumination, tend to make such billboards highly conspicuous,
particularly at night. As a result, the conspicuity of official traffic control
devices and of other visual signals required for safe movement (e.g. vehicle
reflectors, brake lights and tum signals as well as the vehicles themselves)
may be reduced, with a consequential reduction of safety.
Distraction and inattention. It is important to distinguish between these two
terms, which are often confused. Inattention involves the failure of a driver to
concentrate on the driving task for any reason, or for no known reason at all. It
is distinguished from distraction in that it may have no known cause, and
possibly no remediation. Conversely, distraction is a failure of concentration
on the driving task that is a direct result of some activity or stimulus that
triggers this failure to concentrate. Distraction may be due factors internal to
the driver, such as fatigue, medication, illness, alcohol, or a focus on unrelated
issues. It may be external to the driver but internal to the vehicle, such as
mobile telephone use, adjusting the vehicle's controls or non-safety-related
equipment (e.g. radio, navigation system, heating or air conditioning),
conversations with passengers, or other non-driving related behaviors such as
reading, grooming, or singing. Finally, distraction may be due to factors that
are external to the vehicle, including vehicular, pedestrian or bicycle traffic,
buildings, scenic vistas, roadside businesses, or advertising signs, including
billboards. Whereas it may be impossible to control for the inattention that
affects all drivers from time to time, many of the causes of distraction can be
controlled.
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Information processing. One reason why official traffic control devices are
designed as they are is to ensure that they meet certain basic human factors
requirements. These requirements are described in the MUTCD, in Section
1A.02, as:
A. Fulfill a need;
B. Command attention;
C. Convey a clear, simple meaning;
D. Command respect from road users; and
E. Give adequate time for proper response.
The MUTCD implicitly recognizes that information contained on official
signs will be ineffective, and thus, possibly ignored, if the message demands
too much time or effort by the road user to read, understand, and act. To this
end, the Manual specifies the language for standardized word messages on
signs, prohibits the display ofintemet addresses and recommends, for
example, the avoidance of phone numbers with more than four characters.
The only exceptions to this Standard and its associated guidance are for signs
that are intended for viewing only by pedestrians, bicyclists, occupants of
parked vehicles, and "drivers of vehicles on low-speed roadways where
engineering judgment indicates that drivers can reasonably stop out of the
traffic flow to read the message" (p. 2A-2). The requirements and guidance in
this section of the Manual also apply specifically to Changeable Message
Signs and to logo panels on specific service signs. The demands on a driver's
information processing capabilities are addressed in the MUTCD, not only for
the content of individual signs, but for the placement and spacing of signs as
well. For example, the manual recommends that signs should be located only
on the right side of the roadway (with certain exceptions) "where they are
easily recognized and understood by road users" (p. 2A-8), and, because of
increases in traffic volumes, a priority for sign installation locations should be
established. Such a priority suggests that regulatory and warning signs whose
location is critical, should be displayed in preference to guide signs where
conflicts may occur. Less critical information, such as that on guide signs,
should be moved to less critical locations or omitted, because "overloading
road users with too much information is not desirable" (p. 2A-ll). The
Manual also requires that signs requiring different decisions by road users "be
spaced sufficiently far apart for the required decisions to be made reasonably
safely" (p. 2A-8), and recommends that, with specific exceptions, signs should
be individually located on separate posts or mountings. Yet billboards are
often placed on the left side of the road, frequently are placed in close
proximity to one another, often on the 'same mounting, are do not generally
adhere to good human factors practice that suggests restrictions to the amount
of information conveyed on the sign.
The Zeigarnik Effect. In 1927, Russian psychologist Bluma Zeigamik
demonstrated that tasks that have been initiated by humans but, for whatever
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reason, interrupted before they could be completed, lead to feelings of anxiety
and a desire to complete the task. In the years since the original demonstration
of what we now call the Zeigarnik Effect, it has been shown that the
discomfort related to task interruption has broad implications. For example, it
is thought that it is this phenomenon that causes drivers to continue looking at
the changing messages on DBBs o learn what comes next; and it is the basis
of the technique used in advertising in which a complete message is
"sequenced" across several different signs or multiple message changes of a
single sign.
Brightness and glare. Brightness is the subjective impression of the luminance
of a sign, and glare is a physiological response. The majority of public
complaints about DBBs concern their excessive brightness, particularly at
night, to the extent that they become the most conspicuous item in the visual
field, and draw the eye away from other objects that need to be seen. The
photograph shown in Figure 5 was taken by the author of a DBB from a
distance of six miles. The photograph was taken at 7:52AM, and has not been
altered in any way.

Figure 5. Unaltered photograph of a DBB from a distance of six miles
Legibility and readability. Signs, to efficiently communicate a message, must
be legible and readable. Specific design characteristics of official traffic signs
such as font, letter size, color and contrast between figure and background,
etc., have been specifically selected and mandated after years of empirical
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testing to be optimized for legibility and readability under all conditions so
that they can communicate their messages quickly and unambiguously. As
one example among many, tbe MUTCD suggests that "word messages should
be as brief as possible and the lettering should be large enough to provide tbe
necessary legibility distance. A minimum specific ratio, such as 25 mm (1 in)
of letter height per 12m (40ft) of legibility distance, should be used" (p. 2A7). Conversely, billboards may display no such properties. Instead, tbey tend
to exploit the same human factors characteristics discussed above to ensure
that the signs take more time to read, demand multiple glances to
communicate the intended message, etc. Indeed, billboards often mix multiple
font designs and sizes, multiple colors of figure as well as background, even
text written sideways or upside down on the sign, to achieve an impact that is
quite the opposite of that for which official signs strive.

Novelty. In human factors, it is known that a novel stimulus, one that a driver
has not encountered previously, is likely to capture attention and lead to a
response merely because of its novelty. Hence, when new safety treatments
are applied to the roadside environment, the research tbat is performed to test
the effectiveness of such treatments is typically postponed until the "novelty
effect" has passed. When traditional, static billboards display the same
message to drivers for weeks or months at a time, it is widely believed that
drivers begin to ignore the signs. However, DBBs present a new and different
image every few seconds, and because such images can be immediately
downloaded to such signs from remote locations, the signs have the capability
of presenting a unique, novel image and message to a driver every time the
sign is approached.
Sign Design, Coding, Redundancy. As discussed above, the key design
features of official traffic control devices include size, shape, color,
composition, lighting (or retroreflection), contrast, legibility, and simplicity
and reasonableness of message. These features are intended to be used, in
varying combinations, to draw attention to the devices, to produce a clear
meaning, to permit adequate time for response, and to command respect from
the road user. TCDs are designed to be uniform, umnistskable, placed and
operated uniformly and consistently, and removed if they are unnecessary.
"Uniformity of devices simplifies the task of the road user because it aids in
recognition and understsnding, thereby reducing perception/reaction time" (p.
1A-2). DBBs, on the other hand, follow none of these principles of uniformity
or consistency.
Visual attention. Our attention may be drawn to, or captured by, an object
such as a billboard either because we make a conscious effort to attend to it
("top down") or because some characteristic of the object (e.g. size,
placement, brightness, etc.) captures our attention without volitional intent
("bottom up"). The first type of visual attention is also referred to as "search
conspicuity," whereas the second is known as "attention conspicuity." Road
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and traffic safety experts take advantage of bottom up visual attention capture
by: employing unique colors for traffic control devices when challenging
conditions are present (e.g. the use of orange for construction and work
zones), outfitting emergency response vehicles with flashing lights and sirens,
and by using flashing beacons and/or flashing messages on road signs when
urgent safety warnings must be communicated. DBBs, more than any previous
technology used for roadside advertising, are capable of commanding drivers'
attention by employing extremely high luminance levels, bright, rich colors,
and a pattern of message display that may appear to flash. 12

Positive Guidance. Positive Guidance is an analytical tool developed by
FBWA in the early 1970s based upon the pioneering work of Alexander and
Lunenfeld (1972). The tool is based on the premise that drivers can be given
sufficient information about road hazards when and where they need it, and in
a form that they can use to enable them to avoid error that might result in a
crash. The tool integrates knowledge from both human factors and highway
engineering to produce an information system that is matched both to the
characteristics of specific roadway locations and the capabilities of drivers.
Alexander and Lunenfeld developed operational definitions of the driving task
and driver "expectancy," the primacy of needed information and the manner
in which that information should be presented, the concept of decision sight
distance, and the consequences of system failure. The Positive Guidance tool
has been used, nation-wide and internationally, for more than 30 years.

The Moth Effect. Green (2006) reviewed research that suggests that there is a
"moth effect" that may cause drivers to not only look in the direction of a
bright light source on the side of the road, but inadvertently steer in that
direction as well. Perhaps more appropriately seen as a variant of the
physiological mechanisms of phototropism or phototaxis, in which the eye is
drawn to the brightest objects in the field of view, the moth effect has been
described by some as causing crashes as a result of a driver's loss of lane
maintenance due to a combination of reduced optic flow and an "intense
attentional fixation on a roadside target" (p. 18).

12

For more than 25 years, a debate has raged between the outdoor advertising industry and the road and
traffic safety community over the issue of whether changeable message billboards present "flashing"
messages. Most regulatory documents, throughout the U.S. and abroad, specifically prohibit signs that use
flashing lights or messages. And the billboard industry has routinely defended DBB technology by stating
that such signs do not flash. The MUTCD defines "flashing" as "an operation in which a signal indication
is turned on and off repetitively" (p. lA-11). The U.S. Coast Guard publishes a "Light List" (USCG, 2006)
in which it describes different "characteristics of lights" used in lighthouses and lighted buoys. Two of
these light characteristics could be used to define the operation of most DBBs. An "alternating" light is one
which shows different colors alternately; an "occulting" light is one "in which the total duration of light in
a period is longer than the total duration of darkness and the intervals of darkness (eclipses) are usually of
equal duration." Note that the duration of a displayed image and the duration of any dark or blank display

between successive images, is not considered in any of these three definitions. Accordingly, if one were to
apply any of these technical definitions rather than a more common dictionary definition DBBs would
likely be classified as flashing signs.
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SECTION 5.
CURRENT AND PROPOSED GUIDELINES AND
REGULATIONS
In Section 2 of this report we reviewed recent research about the safety aspects of digital
billboards prepared by authors in six countries in addition to the United States. It is
instructive to note tha:t, of these countries in which the greatest amount of research has
been conducted, we are aware of five of them have developed and implemented
guidelines under which such signs may be placed and operated. In addition, many States
and local jurisdictions in the US have promulgated guidelines or regulations of their own,
or have issued moratoria under which they will evaluate proposed guidance or
regulations.
Below we have attempted to cite and explain all ofthe guidelines and/or regulations that
we have found in countries outside the US. Because of the large and growing number of
such regulatory documents in cities and counties in the US, however (we understand, for
example, that 45 cities and counties in Texas alone have issued or are currently
considering regulations on the control or prohibition ofDBBs [Lloyd, 2008]), it is
possible only to report on representative examples and, for these, to summarize only their
most salient sections.

International Guidelines and Regulations
Queensland, Australia
Of all of the policy documents reviewed for this report, the most comprehensive
was that prepared by the Traffic Engineering and Road Safety section of the Queensland
(Australia) Government's Department of Main Roads. The purpose of this "Guide to the
Management of Roadside Advertising" (TERS, 2002) is to assist the Department of Main
Roads and local government agencies in their evaluation of proposals for roadside
advertising, to assist in the development of roadside advertising management plans, and
to provide information to advertisers to enable them to achieve their goals with a minimal
adverse effect on traffic safety and movement.
Unique to the TERS document are a number of operational definitions that serve as a
basis for the analysis which resulted in the guidelines and regulations promulgated. For
example, four categories of roadside advertising are defined in the report. Given our
focus on DBBs, we are concerned only with category 1, which includes "large freestanding devices" such as billboards and trivision signs.
Other key definitions include:
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Advertisements are considered to directly distract drivers if they convey
information that is contrary to or in competition with information conveyed by
important official traffic control devices.
Important official traffic control devices are major regulatory, warning, or guide
signs. For example, an initial regulatory speed sign is considered important,
whereas repeater signs are not. The decision as to whether specific TCDs are or
are not important is to be made by Main Roads district officers.

Advertisements should not distract drivers in the proximity of designated traffic
situations, such as "areas in which merging, diverging and weaving traffic
maneuvers take place, 'open' railway level crossings, road intersection driver
decision-making points in the vicinity of important official traffic signs, and
reading and interpreting official traffic signs" (p. C-2).
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Appendix C to the document, titled "Driver Distraction Potential," provides a specific
and comprehensive series of flow charts (decision trees) and tables that enable an
inspector to determine exactly what types and operational characteristics of advertising
signs are permissible under different road and speed conditions. The identification of
driver distraction potential and the resultant regulations is based on extensive human
factors research, experience, and engineering judgment. The stated goal of these
regulations is "to ensure that a high level of safety for the road user is maintained by
managing competition for drivers' attention in locations where driving demands are great
or where the road authority needs to convey important information to motorists on
official traffic signs" (p. C-2).
Different categories of roads are described, with correspondingly different restrictions on
advertising signage. For advertising devices beyond the right-of-way but visible from
"motorways, freeways, or roads of similar standard," only non-illuminated signs or nonrotating static illuminated signs are permitted (p. 6-4). Where an advertising device is
permitted on State-controlled roads, the same restrictions apply. Further, "v:rriable
message signs and trivision signs are not permitted on State-controlled roadS" (p. 6-5).
For those advertising devices that are permitted, a clear chart is provided (labeled Figure
C6) that provides graphic depictions of the "device restriction area" (p. C-12).
In Australia, official signs are placed in accordance with a specific methodology
described in the Austroads Guide to Traffic Engineering (AUSTROADS, 1988) which
takes into account travel speed, sign content, and legend height. Accordingly, the TERS
report identifies "longitudinal exclusion zones," roadside areas in the vicinity of official
TCDs in which advertising devices are not permitted. The length of these exclusion zones
is typically 1.2v on local streets, and 2.5v on multi-lane freeways (where v =speed), and
increases to 5.0v in advance of on-ramps and 7.5v in advance of exit ramps. The report
provides specific justification for each recommendation, and that given for ramps is
typical:
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Estimating the speed of entering traffic on a high speed road is a complex task
which requires a fair amount of preview free from extraneous information. The
5V requirement will provide a motorist travelling at 100 kmlh with 18 seconds
preview time in which to identify an on-ramp and change lanes if necessary. The
downstream 2.5V separation distance allows for traffic to stabilize following the
merge (p. C-3).
Although not every description is quite so comprehensive, the reader can, nonetheless,
understand both the guidelines proposed and the rationale for them.
Sign brightness is discussed in detail in Appendix D, and the rationale for the
development of guidelines is based, in part, on the work of Johnson and Cole (1976) who
reported that "brightness from illuminated Advertising Devices directed at road traffic
should be minimized under all conditions" (p. 20, reported in TERS, 2002).
The authors provide a clear distinction between two often confused key terms luminance and brightness. Luminance is described as a characteristic of the advertising
device itself that is independent of the environment in the vicinity of the sign. Luminance
levels may vary across the face of the sign and the direction from which the sign is
viewed. It is at a maximum when viewed from a direct frontal position, and falls off
(diminishes) as the viewing angle becomes more oblique. Brightness, on the other hand,
is a visual sensation experienced by the observer, which is affected by the sign's
luminance (and the uniformity of that luminance across the sign face), as well as by its
size, contrast, the viewing position of the observer, and characteristics of the observer
him/herself (such as the effect of phototropism [the involuntary movement of the eye
toward the brightest points in the field of view]). Since brightness is a subjective value, it
cannot serve as a basis for regulation.
The report identifies three different "Lighting Environment Zones," and TableD I
identifies the maximum average sign luminance permitted in each zone for advertising
signs visible from State-controlled roads. The authors state that the maximum levels were
established following field investigations in two different areas of the State.
These maximum permitted luminance levels are
In Lighting Environment Zone I, 500 cd/m2
In Lighting Environment Zone 2, 350 cd/m2
In Lighting Environment Zone 3, 300 cd/m2
for advertising signs of all sizes. Zone I is defined as an area with generally very high
off-street ambient lighting such as central city locations. Zone 2 means an area with
generally medium-high off-street ambient lighting such as major suburban business
centers, entertainment districts, and industrial and/or community centers (which may
include, for example, large gasoline service stations, parking lots or garages, etc.). Zone 3
is defined as an area with generally low levels of off-street ambient lighting, such as rural
and residential areas.
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TERS provides a specific methodology for the measurement of luminance against this
standard. This methodology is summarized in Section 6 of the present report.
In addressing the characteristics of billboards that may be permitted, the report considers
three different location categories:
1. Advertising outside the boundaries of, but visible from, State-controlled roads
(except motorways),
2. Advertising visible from motorways, and
3. Advertising within the boundaries of State-controlled roads.
In Category I, TERS provides an extensive discussion of DBBs, which it refers to as
"electronic displays." It states: "Because electronic displays are conspicuous by design
and have the greatest potential to distract motorists, the objective is to limit this potential"
(p. 6-3). To achieve this objective, TERS requires that such signs may be installed only
where:
- There is adequate advanced visibility to read the sign;
- The environment is free from driver distraction points and there is no
competition with official signs
- The speed limit is 80km/h or less
- The device is not a moving sign (defined elsewhere in the document)
TERS further describes acceptable characteristics for signs that display predominantly
graphics, with or without text:
- Long duration display periods are preferred in order to minimize driver
distraction and reduce the amount of perceived movement. Each screen should
have a minimum display period of 8 seconds.
-The time taken for consecutive displays to change should be within 0.1 seconds
- The complete screen display should change instantly
- Sequential message sets are not permitted
- The time limits will be reviewed periodically
Finally, TERS addresses DBBs that contain only text, as follows:
- The number of sequential messages ... may range from one to a maximum of
three; in locations with high traffic volume or a high demand on driver
concentration, the number of sequential messages should be limited to two.
-Where a display is part of a sequential message set, the display duration should
be between 2.5 to 3.5 seconds for a corresponding message length ofthree to six
familiar words.
- The number and complexity of words used ... should be consistent with the
display duration.
-The time taken for consecutive displays to change should be within 0.1 seconds.
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-The complete screen display should change instantaneously.
-In a text-only display, the background color should be unifonn and nonconspicuous.
Advertising Devices beyond the boundaries of, but visible from motorways "are limited
to non-rotating static illuminated and non-rotating non-illuminated formats" (p. 6-4). In
other words, TERS does not permit changeable message signs, flashing signs, or DBBs of
any type if such devices would be visible by motorists traveling on motorways. In
addition, no advertising signs of any type (including those that are static, whether
illuminated or not) are permitted within the restriction distances discussed above. TERS
states: "In addition to the restriction areas ... further restrictions may apply where Main
Roads demonstrates that the traffic conditions require additional driver attention and
decision making" (p. 6-4).
Finally, where advertising devices are permitted within the boundaries of Statecontrolled roads, such signs must be non-rotating static illuminated and non-rotating nonilluminated signs. Neither variable-message signs nor trivision signs are permitted on
State-controlled roads.

It is with regard to the flash rate permitted for advertising signs that the TERs report
differs most significantly from the prevailing guidance and regulations in the US. The
authors explain that flashing illuminated advertising signs have the potential to distract
drivers, and that the effects of such flashing signs are described by the Broca Sulzer
Effect and the Bartley Effect. The former states that, at high luminance levels, the
momentary luminosity shortly after the onset of a flash appears higher than the
luminosity of a steady light of the same luminance. The latter states that, if a light is
repetitively flashed, for example between four and ten times per second, the apparent
brilliance of the light increases by as much as four to five times the actual luminance.
As a result of their understanding of these two phenomena, the TERS report permits a
maximum flash rate of two flashes per second for devices visible from State-controlled
roads in Lighting Environment Zones I and 2, but prohibits any flashing lights on
advertising devices visible to motorists on State-controlled roads in Lighting
Environment Zone 3. Flashing signs, or signs with flashing lights, are not permitted
within the boundaries of State-controlled roads, nor within or outside the boundaries of
motorways, freeways, or roads of similar character if they would be visible to motorists
traveling on such roads.
In light of recent proposals from the States of California (Kempton, 2008) and Nevada
(Martinovich, 2008) to consider public-private partnerships that might result in
advertising on State-controlled roads, the TERS report provides useful guidance for
"advertising devices provided as part of sponsorship arrangements" (Appendix A). The
report describes a program in which "the Department may permit the erection of
Advertising Devices for a defined period in exchange for ... private sector sponsorship of
road infrastructure and/or works (p. A-2). Examples of such projects include construction
of a pedestrian footbridge over the roadway, roadside landscaping and tree planting, and
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rubbish removal including removal of illegal Advertising Devices. Project sponsorship
must be based on full and open competition, and the project must be warranted in its own
right. For sponsorship of"major infrastructure such as pedestrian overpasses," the
Department may permit: "third party advertising on the sponsored structure, on free
standing advertising devices, or on existing overhead transport structures within the
vicinity of the sponsored infrastructure;" in the case of roadside cleaning and/or
landscaping, the Department may pennit: "the erection of signs, which contain the
sponsor's corporate logo, designating the start and end of the sponsored section of road"
(p. A-3). Graphic examples are provided which depict a fixed sign displaying a corporate
name on a pedestrian overpass, and four examples of signs depicting sponsorship of
cleaning or landscaping projects, which are quite similar to FHWA's "acknowledgement
signs" (D-14-1, 2 and 3) proposed for the next edition of the MUTCD (Capka, 2005).
The TERS document has also anticipated the growing use of vehicle-based advertising.
Traffic Regulation 1962 s. 126 states, in part: "A person shall not, in respect of a vehicle
on which or alongside of which an advertisement is being displayed- drive, or permit to
be driven, that vehicle on a road or cause or permit that vehicle to stop on a road in such
circumstances that the primary purpose for which the vehicle is being driven or stopped
at the material time is business advertising, unless the person is the holder of a permit
issued by (the Government)" (p. 3-4, 3-5).
In an effort to minimize driver distraction from billboards which contain lengthy or
difficult to read messages, TERS suggests that designers of Advertising Devices consider
the relationship between legend height, sign content (i.e. number of words) and speed
environment that are used in the design of worded traffic signs and that are contained in
the AUSTROADS document. TERS states that the applicant's use of such design
guidance "may, in certain circumstances, be considered by the Department in the
assessment process" (p. 5-7).

South Africa.
Of the guidelines and regulations identified for the control of outdoor advertising
for this report, we found those in South Africa to be quite comprehensive, specific, and,
perhaps, the most unusual. Based on a review of practice elsewhere, and reliant to a
considerable extent on the work of du To it and Coetzee (200 1) and Coetzee (Undated),
the South African National Roads Agency Limited (SANRAL) first issued its
"Regulations on Advertising On or Visible From National Roads, 2000" (SANRAL,
2000) to deal with on-premise as well as billboard advertising, and included specific
components that address DBBs. The regulations were first issued in July 2000, and were
updated and re-promulgated in December of the same year.
SANRAL's terminology is somewhat different than that in the US, and it is important to
understand these differences to ensure that the regulations are not misinterpreted. A
"billboard," for example, may include "variable messages," and an "electronic billboard"
has an "electronically controlled, illuminated display surface which allows all or a
portion of the advertisement to be changed, animated or illuminated in different ways"
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(p. 4). The term "animated" is used to mean that "the visibility or message of an
adve1iisement is enhanced by means of moving units, flashing lights or similar devices,
or that an advertisement contains a variable message" (p. 3) The regulations also
distinguish "small" from "large" billboards. For both fixed and electronic displays, any
billboard that exceeds 18 square meters in area is considered large. Thus, the majority of
roadside billboards in the US would meet SANRAL' s criterion for large (a typical US
roadside billboard measures 14ft x 48 ft, or 672 sq. ft, approximately 62.4 sq. meters.
South Africa uses the term "road reserve" to mean essentially the same as "right-of-way"
in the US.
Part B of the regulations contains provisions that are applicable to all advertisements.
Section 6, Subsection I of this Part (excerpted below) identifies outright prohibitions on
the grounds of "road safety and traffic considerations" by stating that no advertisement
may:
Be so placed as to distract, or contain an element that distracts, the attention of
drivers of vehicles in a manner likely to lead to unsafe driving conditions
Be illuminated to the extent that it causes discomfort to or inhibits the vision
of approaching pedestrians or drivers of vehicles
Be attached to traffic signs, combined with traffic signs, ... obscure traffic
signs, create confusion with traffic signs, interfere with the functioning of
traffic signs, or create road safety hazards
Obscure the view of pedestrians or drivers, or obscure road or rail vehicles
and road, railway or sidewalk features such as junctions, bends, and changes
in width
Be erected in the vicinity of signalized intersections which display the colours
red, yellow or green if such colours will constitute a road safety hazard
Have light sources that are visible to vehicles traveling in either direction (p.
12).
Subsection 2 provides guidance for the reviewing agency to use when reviewing
applications for advertisements that will face a national road. The Agency must consider
each of the following 13 points to determine whether:
The size of the advertisement, together with other advertisements in the area,
if any, will affect the conspicuousness of road traffic signs by virtue of
potential visual clutter
the size of the advertisement, or any portion thereof by way of its colours,
letter size, symbol, logo, graphics or illumination, will result in the
advertisement having a distracting effect on the attention of drivers of vehicles
to the task of driving and lead to unsafe driving conditions
the number of road traffic signs and advertisements in any area constitute a
driving hazard, due to the attention of drivers of vehicles being deviated from
the task of driving and leading to unsafe driving conditions
the colour, or combination of colours, contained in the advertisement
correspond with the colours or combinations of colours specified for road
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traffic signs in the regulations promulgated under the National Road Traffic
Act
the speed limit, and the measure of the traffic's adherence thereto, the traffic
volume, the average following headway and accident history of the road
demand more stringent control of outdoor advertising
the amount of information contained in the advertisement, measured in bits, is
within prescribed limits
the advertisement is suitably positioned and orientated
the position of the advertisement will negatively affect the visibility of, sight
distance to or efficiency of any road traffic sign, or series of such signs
the advertisement could be mistaken to represent a road traffic sign
the illumination of advertisements is likely to distract drivers' attention from
road traffic signs which are not illuminated
the position of an advertisement would disrupt the flow of information from
road traffic signs to drivers who encounter a series of road traffic signs
intended for traffic regulation, warning or guidance, in cases where the
applicable speed limit on the road exceeds 60 km per hour
the position of any advertisement would potentially distract drivers' attention
at places where traffic turns, negotiates curves, merges or diverges, or in the
area of intersections or interchanges, or where drivers' uninterrupted attention
to the driving task is important for road safety
The distance of any advertisement before any road traffic sign, an
advertisement's position in between road traffic signs or an advertisement's
distance behind any road traffic sign is of such a nature as to distract a driver's
attention from any road traffic sign (p. 12-13).
Many of these requirements and review criteria in the two categories discussed above are
also used in other jurisdictions. In our opinion, some, including some of those in broad
use, are somewhat vague and might be subject to differing interpretations. A third group
category of SANRAL regulations, however, provides a unique and potentially useful
approach to DBB guidance or regulation in the US. Specifically, those requirements that
address the "flow of information from road traffic signs to drivers" and the "amount of
information ... measured in bits" contained within an advertisement have direct relevance
to traffic safety and are firmly grounded in human factors research.
The Agency is given additional authority to "increase the minimum spacing between
advertisements or place further restriction on the position, size and content of any
advertisement it considers necessary, in the interest of road safety" (p. 13).
Where SANRAL's safety review criteria break new ground, however, is in two key areas
that focus on the driver's information processing demands and limitations. Specifically,
two of the review criteria above address the placement and content of the advertisement
in terms of the amount (bits) of information contained on the sign, and the potential for
the sign to cause disruption of the flow of information to the driver.
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From a regulatory perspective these two evaluation criteria are unique. They are
explained below.
Part B, Section 6, Subsection (f) requires that "the amount of information contained in the
advertisement, measured in bits, is within prescribed limits" (p. 13). These limits are
defined in Section 8, "Advertisement to be concise," which states, on page 14, that an
advertisement visible from a national road must be concise and legible and comply with
the following requirements:
(a) No advertisement displaying a single message may exceed six bits of
information in a visual zone and 10 bits on a road other than a freeway;
(b) No combination sign, or any other advertisement displaying more than one
advertisement or message, may contain more than six bits of information per
enterprise, service or property, or per individual advertisement or message
displayed on a combination sign;
(c) Numbers longer than eight digits are not allowed;
(d) A street number indicating specific premises must have a minimum size of
150 millimeters and a maximum size of 350 millimeters;
(e) No message may be spread across more than one advertisement.
With the exception of item (d), which refers only to address numbers, and item (e), which
relates to what we have called message sequencing and is discussed elsewhere in the
present report, each of the requirements above impose an upper limit on the number and
length of words, numbers, symbols, etc., that can be displayed on a roadside
advertisement.
A "bit" of information is defined in Part A, Section 1 of the regulations as "the basic unit .
for measuring the length of advertising messages and may consist of letters, digits,
symbols, logos, graphics, or abbreviations" (p. 4). Bits are operationally defined in
accordance with the following table:

Information on Billboard
Number of bits
Words of up to 8 letters
1.0
Words of more than 8 letters 2.0
Numbers of up to 4 digits
0.5
Numbers of 5 to 8 digits
1.0
Symbol or abbreviation
0.5
Large logo and graphics
2.0
The term "bit," a contraction of the words binary digit, was first used in the 1930s in a
paper describing information storage for early computers. In the decades since, it has also
been widely used in the science of information processing and human cognition. A
further discussion of the term "bit" is beyond the scope of this paper.

128

In addition to its regulatory control on the amount of information that can be displayed on
billboards, SANRAL also controls the placement of billboards with regard to official
signs, in a manner that goes beyond other Government agencies. Specifically, Regulation
6(2)(k) states:
In considering applications for approval ... the Agency must evaluate whether ...
the position of an advertisement would disrupt the flow of information from road
traffic signs to drivers who encounter a series of road traffic signs intended for
traffic regulation, warning, or guidance ... (p. 13).
In essence, this regulation recognizes that there are categories of official signs in which
the information on two sequential signs was linked, and that this information link must
not be disrupted. An example given by du Toit and Coetzee is the link between an
advance warning sign at an interchange and the actual off ramp. Other examples might
include advanced signs for changes in speed limit or for the presence of a Stop sign or
traffic signal. Although the South African Road Traffic Signs Manual (SARTSM)
recognizes that a 200m spacing is between two sequential road signs for 120 km/h roads
in general, it requires 360m as a minimum distance on such a road for a motorist to react
to a warning or information sign in advance of an interchange where lane changes and
weaving may be necessary. SANRAL determined that the presence of a billboard
between the advanced (lkm) interchange signs and the off ramp would reduce this
distance below acceptable limits. As a result, the requirement was established that no
billboards would be permitted between the 1km advance sign and the gore of the
subsequent interchange. This would permit the motorist to safely read and react to the
500m off ramp sign. In addition, because a freeway road sign is typically readable at
200m before the sign, the regulations prohibit billboards closer than 1.2km upstream of
the interchange. In short, no billboards are permitted within 1.2km of an interchange, thus
preserving sufficient time for motorists to read and respond to advanced warning or
information signs (located 1km in advance of the gore), and ensuring that the flow of
information between the advanced sign and the actual interchange sign, whose function is
linked, is not disrupted.
During their evaluation of the efficacy of the regulations, du To it and Coetzee (2001)
reviewed billboard applications for 248 signs. (Each face of a two-face sign counted as
one). Of the 86.7% of the signs that were rejected, 40.8% (the largest category) were
rejected for being too close to existing official road signs, 20% were rejected for
disruption of the flow of information to the driver, and 7.5% were rejected because they
were too close to a ramp gore.

Victoria, Australia.
The State of Victoria specifies a "ten-point road safety checklist" which describes
conditions under which it may consider any roadside advertising to be a road safety
hazard. These ten points, which are broadly in use elsewhere, defines an advertisement as
a road safety hazard if it:
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I. obstructs a driver's line of sight at an intersection, curve or point of egress from
adjacent property
2. obstructs a drivers view of a traffic control device, or is likely to create a
confusing or dominating background which might reduce the clarity or
effectiveness of a traffic control device
3. could dazzle or distract drivers due to its size, design or colouring, or it being
illuminated, reflective, animated or flashing
4. is at a location where particular concentration is required (e.g. high pedestrian
volume intersection)
5. is likely to be mistaken for a traffic control device, for example, because it
contains red, green, or yellow lighting, or has red circles, octagons, crosses or
triangles, or arrows
6. requires close study from a moving or stationary vehicle in a location where the
vehicle would be unprotected from passing traffic
7. invites drivers to tum where there is fast moving traffic or the sign is so close to
the turning point that there is not time to signal and turn safely
8. is within 100 metres of a rural railway crossing
9. has insufficient clearance from vehicles on the carriageway
I 0. could mislead drivers or be mistaken as an instruction to drivers
As discussed by the Road Safety Committee of the Parliament of Victoria (2006), only
one of the items in this checklist includes numerical criteria, "making the application of
the other criteria wholly subjective" (p. 113).
Of greater specificity, and of more direct relevance to the current project, the State also
includes "operational requirements for the installation of Variable Advertising Message
Signs" (VicRoads, 2005, cited in Road Safety Committee (2006). These requirements
state that such a sign must:
-Not display animated or moving images, or flashing or intermittent lights
-Not be brighter than 0.25 candela per square metre
- Remain unchanged for a minimum of 30 seconds
-Not be visible from a freeway
- Satisfy the ten point checklist
The regulations in place in Victoria are also based, to some extent, on the work of
Cairney and Gunatillake (2000), who reviewed the literature and made recommendations
for policy, on behalf of the Royal Automobile Club of Victoria (RACV).

New South Wales (NSW), Australia.
In its report for the Government of New South Wales, Transportation
Environment Consultants (TEC, 1989) prepared a series of suggested guidelines for the
control of roadside advertising signs located within the road reserve. The principal
recommendations for electronic variable message signs on conventional roads and on
freeways are shown in the table below:
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Standard
Minimum message on-time
Minimum message off-time
Maximum Changeover time
Minimum distance to traffic signal
Minimum distance to lane drop,
official traffic sign, ramp, merge
Minimum distance to another
Advertising device

RoadsideUrban
2 minutes
2 minutes
<0.1 sec
12m
10m

RoadsideRural
2 minutes
2 minutes
<0.1 sec
20m
15m

Overpass

Freeways

2 minutes
2 minutes
<0.1 sec
30m
25m

2 minutes
2 minutes
<0.1 sec
NA
150m

7m

10m

20m

150m

The TEC report also provided guidance for the maximum luminance levels of illuminated
advertising devices; their recommendations were based on a report by the Public Lighting
Engineers in the UK (1981, cited in TEC, 1989).
Four lighting zones were classified, generally as follows:
Zone 1: areas with very high off-street ambient lighting, e.g. central city locations
Zone 2: areas with medium-high off-street ambient lighting such as
shopping/commercial/industrial!community centers, car sales yards, car parks,
larger petrol stations, etc.
Zone 3: areas with low-medium off-street ambient lighting, e.g. areas with rather
isolated small shopping/cornmercial/industrial!community centres.
Zone 4: areas with low levels of off-street ambient lighting; e.g. most rural areas,
many residential areas.
For advertising signs with an illuminated area of more than 10 square meters, the
maximum recommended lighting levels (expressed as cd/m2), are 1200 in Zone 2, 800 in
Zone 3, and 400 in Zone 4. There is no limit in Zone 1. Note that the most cornmon
billboard size in the US is 14ft. x 48ft., which, at 672 sq. ft. places US billboards into
the largest sign category cited in these guidelines.

The Netherlands.
TNO was recently asked to develop guidelines and "decision criteria" to be used
by the Dutch Ministry of Transport, for visual distracters that presented "non-driving
related information" (Martens, 2009). Distracters to be considered might be any types of
roadside objects, including, but not limited to, billboards. The guidelines were to be
developed using existing human factors knowledge and principles (i.e. no new research
was to be conducted). The guidelines will be initially applied to motorways, with later
extension to other roads in The Netherlands.
The initial work has led to the following recommendations:
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There should be no infonnation that actively attracts attention; this includes
no moving objects, no LCD or LED screens, and no moving or changing
pictures or images.
Non-driving related infonnation should not appear within the driver's central
field-of-view (less than I 0 deg from straight ahead). Based upon an
assumption of 300m sight distance, traversed at+/- 9 sec, this results in a
prohibition of such signs within 50m of the road edge. Any sign within that
boundary must be "extremely simple" and no billboards are pennitted.
Assuming a 150m legibility distance, and a maximum pennitted sign reading
time of 4 sec (presuming multiple glances may be needed) the guidelines
suggest that signs contain a maximum of five "items" (letters, numbers,
symbols, etc.). This is based on application of the following "reading time
fonnula:"
T = N/3 +2, where T = sign reading time, and N = number of items
No distractions should be pennitted at merges, exits and entrances, close to
road signs or in curves (specific constraints will follow)
No telephone numbers will be pennitted
No fluorescent colors are pennitted
No ambiguity is pennitted
No controversial infonnation is pennitted; examples include sex, violence,
religion, nudity
No mixture of real and fake words is pennitted.
Commercial signs must be.90 deg to the road to minimize head turning
No signs will be pennitted that mimic road signs in color or layout
The rules will be contained in a decision tree fonnat, and specific rules will apply to
different categories of roadside distracters, including such diverse features as: buildings,
objects of art, wind turbines, infonnation signs and safety campaigns, billboards and
other advertisements, tunnels, bridges and walls, airfields, skydive centers and heli
platforms. The guidelines are expected to be ready for field testing and validation by mid2009. Once adopted, software will be developed that will simply take an inspector
through the decision process.
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Brazil.
Guerra and Braga (1998) address the need for guidance and regulation to control
the use of advertising signs within the road reserve. The necessity for such action is
brought about by a financial crisis that affects road infrastructure with consequential low
levels of service, lack of maintenance, and high accident rates. The authors state that their
aim is to assist public agencies since existing laws either do not adequately deal with this
subject or prohibit advertising outright. They state: "if suitable regulation is not adopted
advertising signs within the road reserve (ASWRR) might bring about undesirable
consequences such as accidents" (p. 128). In other words, the authors believe that
permitting advertising within the road reserve could raise much needed revenue, but
express concern that such revenue should not come at the cost of traffic safety.
The authors review regulations and guidance in other countries, but focus on Brazil. They
point out that some states (within Brazil) take no position on the issue, whereas others
(such as Sao Paulo) explicitly prohibit ASWRR, and still others (e.g. Rio Grande de Sui)
permit such advertising. They also discuss the conflict between regulations and practice,
suggesting that advertising signs may be present in certain locations despite prohibitions
on their use.
Guerra and Braga review existing advertising signs in Brazil, and point out a number of
traffic safety concerns, including:
Visual intrusion at complex junctions from back-lit signs
Brightness of the advertising signs reduces the conspicuousness of traffic
signals at night
Confusion with traffic signs
Lack of control over the predominant colors of the advertising signs
Insufficient time for drivers to read messages on changeable message signs
The authors express particular concern with the message change interval for changeable
message signs, noting that, for example, signs in Australia must have a minimum display
time of 200 s at 60 km!h, an interval which is "I 00 times longer than the 2 s one fmds in
Rio" (p. 131 ). A related concern is the risk of the Zeigarnik Effect since a motorist
traveling at 60 km!h with a sight distance to a sign of 200 m could see four distinct
messages and four changes.
Based on earlier work by the senior author, Guerra and Braga propose a series of
guidelines for ASWRR, in five categories:
Physical protection of highways and road users
Choice of display sites
Physical characteristics of signs
Characteristics of messages and images displayed
Products being advertised
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Of potential relevance for guidance or regulation in the U.S., the authors propose the
following:
Advertising signs should be located at a tangent to approaching drivers
Advertising signs should be no closer than I 000 m from one another on the
same side of the road, and no closer than 500 m from the nearest advertising
sign on the opposite side of the road.
The display time of each image on a variable message sign should be long
enough to appear static to 95% of drivers approaching it at highway speed
The message change interval should not exceed 2 s
The displayed image should remain static from the moment it first appears
until 'the moment it is changed
No animation, flashing or moving lights should be allowed.
No message or image that could be mistaken for a traffic control signal should
be displayed.
Messages should be simple and concise.

United States.
New York State.
On April11, 2008 the New York Department of Transportation (NYDOT) issued
for public comment a set of "proposed criteria for regulating off-premise changeable
electronic variable message signs (CEVMS)" within the State (NYDOT, 2008a). The
proposed criteria were developed "in consultation with the New York Division of the
Federal Highway Administration (FHWA)," (Marocco, 2008a) and were based on the
provisions of 17 NYCRR Part 150, including Part 150.8 (b). Sections of the proposed
criteria that addressed issues of CEVMS lighting and illumination issues were based on a
study performed by the Lighting Research Center of the Rensselaer Polytechnic Institute
(RPI, 2008).
The proposed criteria were based on the State's position that, whereas "the premise of
advertising to motorists conflicts directly with highway safety," the State's goal was to
"minimize the effects posed by the unique attributes of (CEVMS)" which were described
as having the ability to "constantly convey different information to motorists, thereby
increasing driver curiosity; attract attention through their brightness; and attract attention
through their temporal changes of light" (p. 1).
·
The proposed criteria included four key elements and a list of prohibited locations, each
of which was presented with its underlying rationale. These are summarized below.
1. Minimum Message Duration of 62 Seconds. This value was based on the
State's opinion that it would be best that no motorist be able to see more than one
message change as he or she approached any particular CEVMS, while
recognizing that the ideal circumstance of seeing no message change was
impossible to achieve. Making simple calculations of typical billboard size, letter
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height, and posted speed limits on State highways resulted in the conclusion that
the average billboard would be legible 13 for 5,040 feet, a distance which could be
traversed in 62 seconds.
2. Message Transition Time should be Instantaneous. Given that the State
believes that the change of message is "one of the elements (that) can lead to
motorist distraction, especially among older drivers" (p. 2), and given the
capability of the technology, an instantaneous message change would minimize
such distraction.
3. Minimum Spacing between CEVMS of 5,000 feet. Given the State's position
that a message change may be unsafe because it contributes to distraction, it
believes that motorists should not be able to view more than one CEVMS at a
given time.
4. Maximum CEVMS Brightness of 5,000 cdlm2 in Daylight and 280 cd/m2 at
Night. The State believes that CEVMS brightness can have two separate adverse
impacts on drivers -that it attracts attention to the sign, and that it can
compromise dark adaptation. Thus, it believes that CEVMS brightness should be
limited such that the signs do not appear brighter to drivers than existing static
billboards. The RPI Lighting Research Center (LRC) was engaged to perform
comparison measurements of existing conventional billboards and CEVMS; in
addition, the State reviewed publicly available billboard industry data as well as
sign codes from numerous municipalities to arrive at its recommended maximum
brightness levels.
5. Prohibited Locations. Citing studies by the University of North Carolina
Highway Safety Research Center (UNC-HSRC) and the National Highway
Traffic Safety Administration (NHTSA) the State summarizes the reported risks
to drivers due to distraction or inattention occurring within three seconds prior to
a crash or near-crash, and the elevated risk of distraction by objects or events
outside the vehicle to drivers over age 65. Using such findings, and relying on
proposed changes to the MUTCD for the placement of official changeable
message signs (CMS), the State recommends that CEVMS be prohibited at the
locations shown below, because these are locations that "already place high
demands upon driver attention" (p. 4). These proposed prohibited locations
include:
Interstate and Controlled Access Highways
Within 1,1 00 feet of:
- An interchange
-An at-grade intersection
-A toll plaza
13

Using legibility distance as a criterion for message duration is a less stringent criterion than the use of

visibility distance, given that, without sight obstructions, digital billboards may be visible for several miles.
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- A signed curve
- A lane merge/weave area
Within 5,000 feet of:
- Another CEVMS
-An official traffic device that has changeable messages
Primarv Highways
Within 1,100 feet of:
-An entrance to or exit from a controlled access highway
- A signed curve
- A lane merge/weave area
Within 5,000 feet of:
- Another CEVMS
-An official traffic device that has changeable messages
Although the State provided no specific citations to research other than the two studies
mentioned above and the study by RPI that it commissioned, the criteria presented in the
State's draft guidelines closely comport with the recommendations of others, and are
based on reasonable underlying human factors assumptions.
On July 18, 2008, the State promulgated revised criteria (NYSDOT, 2008a), which it
described as "less restrictive" than those of the draft proposed criteria in the areas of
message duration, sign spacing, and prohibited locations. The State's letter transmitting
the revised criteria indicates that FHWA concurred with the modifications (Marocco,
2008b).
Although the requirement for an instantaneous message transition and the maximum
permitted CEVMS brightness levels did not change, the other requirements did, as
follows:
1. Minimum message duration was reduced from 62 seconds to 6 seconds.
2. Minimum spacing requirements of 5,000 feet were deleted and replaced with
the statement that "only one CEVMS sign face would be visible to the driver at
one time on either side of the highway."
3. The comprehensive and specific list of prohibited locations for CEVMS was
eliminated, and replaced with the following guidelines:
- CEVMS should not be located within an interchange.
- CEVMS should not be positioned at locations where the information
load on drivers is already high because of guide signs and other types of
information.

136

- CEVMS should not be located in areas where drivers frequently perform
lane changing maneuvers in response to static guide sign information, or
because of merging or weaving conditions.

City of San Antonio, Texas.
Although CEVMS are prohibited within San Antonio, the City promulgated a set
of regulations for "off-premise digital signs" under a trial that will permit fifteen such
sign permits to be issued for the City's evaluation. Although the regulations, contained at
Section 28-125 of the City's sign code, contain restrictions on CEVMS that include
provisions for sign conversion and eminent domain, the summary below addresses only
those aspects of the code that address the possible safety and traffic flow implications of
such signs. These include:
1. The dwell time (message duration) shall be at least ten (I 0) seconds.
2. The change interval shall be accomplished within one (I) second or less.
3. The sign shall contain a default mechanism that will freeze the sign in one
position if a malfunction occurs.
4. The sign may not display light of"excessive intensity or brilliance", which, for
a full color display is defined as a maximum intensity of7,000 nits 14 during
daytime and 2,500 nits at nighttime.
5. A sign applicant shall certify that the sign's light intensity has been factory preset not to exceed 7,000 nits, and that the intensity level is protected from end-user
manipulation.
6. The sign shall not resemble a warning or danger signal or cause a driver to
mistake the sign for such a signal.
7. Sign faces may have dimensions up to 300 square feet, or up to 672 square feet
in accordance with specified conversion values (not included herein).
8. The sign must not resemble or simulate any lights or official signage used to
control traffic in accordance with the MUTCD.
9. A sign must be equipped with both a dimmer control and a photocell which will
automatically adjust the display intensity according to natural ambient light
conditions.
10. A digital sign may not be within 2,000 feet of another off-premise digital sign
facing the same traveled way, and an off-premise digital sign shall not be in a line
of sight with another off-premise digital sign. (Spacing requirements in relation to
other sign classifications are addressed elsewhere in the regulations).
11. Sign heights are addressed elsewhere in the regulations.
12. The city may require emergency information to be displayed, within the
appropriate message rotation, on off-premise digital signs. Such information
includes: "Amber Alert emergency information or emergency information
regarding terrorist attacks, or natural disasters." Such emergency information
messages are to remain in rotation according to the designated issuing agencies'
protocols.
14

The term '~nits" is the accepted equivalent to the older term "candela per square meter," abbreviated as
cd/m2 •
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It was the city's stated intent to undertake an assessment of the effectiveness and efficacy
of its regulations (Simpson, 2008) in a program lasting one year. The one-year pilot
program ended on December 16, 2008. Recently, the city decided to extend the program
through October 2009 (Sculley, 2009).

City of Flowery Branch, Georgia.
After a moratorium period, the Flowery Branch (Georgia) City Council, on June
4, 2008, amended Article 24 ("Signs") of its Zoning Ordinance (Ordinance No. 348-7) to
defme and regulate CEVMS. Based on its review of the literature (several articles were
cited), the language of the ordinance, in Section 1, offered the City's rationale for its
actions, described as its findings. Those findings read, in part:
Changeable electronic variable message signs, (CEVMS) ... have been shown to
create possible threats to public safety. Such signs are erected for the purpose of
trying to hold the attention of motorists by changing messages and pictures for
short durations using a series of bright, colorful images produced mainly via LED
(light emitting diode) technologies. Brightly lit signs that change messages every
few seconds compel motorists to notice them, and they lure the attention of
motorists away from what is happening on the road and onto the sign. Such signs
pose safety threats because if they attract a motorist's attention, the motorist will
look at the sign and not at the road. (CEVMS) are also a threat to public safety
because of their brightness, making them visible from great distances. Due to their
nature of brightness and changing displays, changeable electronic variable
message signs are more distracting than signs which do not vary the message ....
Unless otherwise regulated, such displays can be extremely bright since they are
designed to be visible in bright sunlight and at night. Furthermore, the human eye
is drawn to them far more strongly than to traditional illuminated signs. Such
electronic LED displays can be seen from as far away as six-tenths of a mile,
making them distracting. It takes a minimum of six seconds to comprehend the
message on an electronic sign, which is three times the safe period for driver
distraction.
The ordinance, in Section 24.33, "Changeable Electronic Variable Message Signs,"
includes commonly seen constraints regarding sign dimensions, separation, and location
within zoning classifications. Further, the ordinance establishes permit requirements, and
prohibits flashing signs or those with "variation of light intensity of an individual
message," both of which it considers to constitute an "animated sign."
Aspects of the ordinance that are uniqne to CEVMS and of interest for the purpose of this
report include the following:
Duration of Message -"Each multiple message shall remain fixed for at least the amount
of time that would result in one ( 1) message per mile at the highest speed limit posted
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within the 5000 feet approaching the sign for the road from which the sign is to be
viewed."
Transition Time -"When a message is changed, it shall be accomplished in less than
one-tenth (111 Oth) of a second and shall not use fading, swiping, or other animated
transition methods."
Illumination and Brightness - "No such sign shall be illuminated at an intensity of
greater than twelve (12) foot-candles or (sic) illumination, measured from the nearest
point of any highway or public road .... All such signs shall be equipped with a dimmer
control and a photo cell which shall constantly monitor ambient light conditions and
adjust sign brightness accordingly."
Freeze of Display When Malfunction Occurs- "Such signs shall include a default
designed to freeze a display in one still position if a malfunction occurs."
Sequencing of Messages Prohibited- "Using two or more successive screens to convey a
message that will not fit on one (1) screen shall be prohibited."

City of Oakdale, Minnesota.
On June 10, 2008, the Oakdale City Council unanimously passed an amended
sign ordinance that includes regulation of digital billboards within the city. This
ordinance is codified in Article 19, Chapter 25 of the City of Oakdale Zoning Code, at
Section 25-181 to 25-200. Digital billboards, which the Ordinance calls
Electronic/Dynamic Display, are addressed in Section 25-185(b).
In 2007, the city had passed a one-year moratorium to study such signs and their safety
issues, and to draft the revised ordinance.
After Clear Channel Outdoor had installed two digital billboards in Minnetonka,
Minnesota without permission, the League of Minnesota Cities commissioned a research
study from SRF Engineering. Based on the study results, which stated, in part:
"billboards can tend to distract drivers, dynamic features contribute to the distraction, and
even short distractions can increase the risk of accidents," and based on concerns by state
troopers and police chiefs around the (Minneapolis-St. Paul) metro area that the signs
were safety hazards (Zillmer, 2008), the city adopted the ordinance in July 2008.
As is common with many other billboard ordinances, this ordinance prohibits any DBB
that, "by reason of position, shape, movement or color, interferes with the proper
functioning of a traffic sign, signal, or which constitutes a traffic hazard."
To address concerns of excessive brightness, the ordinance sets a limit of2,500 Nits
during daylight ("between the hours of civil sunrise and civil sunset"), and 500 Nits at
nighttime ("between the hours of civil sunset and civil sunrise"), measured from the face
of the sign. In addition, signs must have installed ambient light monitors which adjust the

139

brightness of the sign based on (ambient) light conditions. Further, the sign must have a
system that automatically shuts the sign off when the display "deteriorates, in any
fashion, 5% or greater until the ... sign has been repaired to its fully functional factory
specifications." At the time of permit application, the sign owner is required to specify
the lamp wattage and luminance level in Nits, and state that the sign will be operated in
accordance with City Codes at all times.
With regard to message duration, imagery, and change interval, the ordinance requires
that the minimum display duration shall be 60 seconds, that all messages shall contain
only static images, and that the message change be instantaneous "without any special
effects, through dissolve or fade transitions, or with the use of other subtle transitions that
do not have the appearance of moving text or images" (Sec. 125-85(b)(3).
One uncommon feature of the Oakdale ordinance is the requirement that owners ofDBBs
must apply for an annual license to operate the signs. This contrasts with the situation in
most jurisdictions where a permit is granted, and, once in place, exempts the sign owner
from compliance with any future regulations or modifications to the ordinance that may
be promulgated. The Oakdale city council took this unusual step because of the rapid
changes in digital billboard technology, and to provide the city with the ability to respond
to public concerns or new research that may become available. Zillow quoted Bob
Streeter, the City's Community Development Director, as saying: "To operate a dynamic
sign is not a right, it is a privilege. Because technology changes so fast, we want the
ability to respond."

St. Croix County, Wisconsin.
The Sign Regulations of St. Croix County, issued on July I, 2007 (St. Croix
County Planning and Zoning Department, 2007) permit, with one exception, only static
signs, for both on-premise and off-premise applications. Additionally, such permitted
signs constitute a "customary use of signage" for reasons explained below.
Under the ordinance at §17.65 (C)(3)(f), signs with "external and uncolored" illumination
are permitted. In addition to typical prohibitions against flashing, moving, traveling, or
animated signs or sign elements, the following prohibitions apply to all signs with
internal illumination:
No illuminated off-premises sign which changes in color or intensity of
artificial light at any time while the sign is illuminated shall be permitted.
No illuminated on-premise sign which changes in color or intensity of
artificial light at any time when the sign is illuminated shall be permitted,
except one for which the changes are necessary for the purpose of correcting
hour-and-minute, date, or temperature information.
A sign that regularly or automatically ceases illumination for the purpose of
causing the color or intensity to have changed when illumination resumes (are
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prohibited)
The scope of 3 .f s prohibitions include, but are not limited to, any sign face
that includes a video display, LED lights that change in color or intensity,
'digital ink,' and any other method or technology that causes the sign face to
present a series of two or more images or displays.
The County's findings regarding "customary use" have been interpreted as causing "noncustomary use" signs adjacent to federal-aid highways to violate the Highway
Beautification Act, even if they are in a commercial or industrial zone, per
23USC§ l3l(d): "Whenever a bona fide State, county, or local zoning authority has made
a determination of customary use, such determination will be accepted in lieu of controls
by agreement in the zoned commercial and industrial areas within the geographical
jurisdiction of such authority."
Two uncommon but increasingly seen restrictions prohibit signs "which emit any odor,
noise, or visible matter other than light" (§ 17.65B.6.a.8) and "A vehicle used as a sign or
as the base for a sign where the primary purpose of the vehicle in that location is its use
as a sign" (§l7.65B.6.a.18).

St. Johns County, Florida.
On May II, 1999, the Board of County Commissioners of St. Johns County
passed Ordinance No. 99-35, a revised sign ordinance providing for the regulation of
both billboards and on-premise signs within the County. Although much of the ordinance
contains language quite similar to other ordinances examined for this report, including
provisions for spacing requirements, two provisions of the ordinance are unusual, and of
direct relevance to this project.
First, the ordinance defines, at Exhibit D, an "automatic changeable message device" as
"any Sign which through a mechanical, solar, electrical or other power system is capable
of delivering two or more various advertising messages which do, or appear to, rotate,
change or move at any time in any way, including Tri-Vision, or any Multi-Prism Faces."
Under the ordinance's "General Requirements," Section 3E, "Movement," provides the
following statement: "No Billboard shall be Erected, or any existing Billboard modified
or operated, that incorporates Flashing, Scintillating, Beacon or Running lights, Animated
Copy, or any Automatic Changeable Message Device."
Section XIV, Prohibited Signs, states: "The following signs are prohibited in the
jurisdiction governed by this Ordinance and said prohibition shall supersede any
conflicting provision of this or other County ordinances. Subsection 19 reads: "Automatic
Changeable Message Devices" (p. 27).
Second, the ordinance places specific prohibitions on vehicle mounted advertising.
"Signs on vehicles" are prohibited (Section XIV, Subsection 10, p. 26-27) with specific
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exceptions such as those for parked vehicles not visible from the street, licensed or
certified common carrier vehicles such as buses and taxicabs, vehicles temporarily
traveling through the county, or vehicles on which signs are placed that identify the
business or its principal product(s) if said vehicle is used during the operating hours of
the business, provided that the vehicle is not repeatedly parked in a location where it
serves as additional signage.

City of Tucson, Arizona.
By Ordinance Number 10481, the City of Tucson's revised sign code became
effective January 14, 2008. While broadly reflecting sign codes in many other US
jurisdictions, the Tucson code banned DBBs, signs on vehicles, and signs that provided
other than visual stimulation. The relevant sections of the code are summarized below.
Section 3-53 is titled: "Prohibited signs enumerated." In addition to specific prohibitions
against "intensely lighted signs" and those that are "animated by any means, including
flashing, scintillating, blinking, or traveling lights, or any other means not providing
constant illumination" (Sec. 3-53, §A.!, A.2), this section restricts Electronic Message
Center signs, which it defines as:
"An electronic or electronically controlled message board, where scrolling or
moving copy changes are shown on the same message board or any sign which
changes the text of its copy electronically or by electronic control more than once
per hour" (Sec. 3-53, §B, p. 23).
Also prohibited in this section are any advertising signs or devices that emit "audible
sound, odor, or visible matter" (§H, p. 23), and "signs mounted upon, painted upon, or
otherwise erected on trucks, cars, boats, trailers or other motorized vehicles or
equipment" (unless specifically allowed in another section of the ordinance) (§I, p. 23).
Billboards are addressed in Section 3-58. The relevant text reads:
"Notwithstanding any other provision of the Tucson Sign Code, billboards may
not change advertising copy by any type of electronic process or by use of vertical
or horizontal rotating panels having two or more sides whereby advertising copy
is changed by the rotation of one or more panels" (p. 26).

Outdoor Advertising Industry
The OAAA has, from time-to-time, posted certain guidelines for DBBs on its
website or in documents distributed in other ways. As this is written, the organization
makes available a publication titled "Regulating Digital Billboards" (OAAA, Undated a).
In a section of the report titled "Suggested State Language" the document suggests that
DBBs conform to the following:
A displayed message appears for no less than four seconds
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The transition from one message to the next requires at least one second.
Has spacing between billboards that are consistent with state requirements
Does not include animated, flashing, scrolling, intermittent or video elements
Will appropriately adjust display brightness as ambient light levels change

Others
During the course of preparing this Section of the present report, we became
aware of a growing number of cities and other local jurisdictions that were addressing
DBBs. Some were in the discussion stage, some had issued moratoria on new DBBs or
DBB conversions while they considered the issues, some were conducting research,
holding workshops or other public forums, and some were in various stages of
developing or issuing guidelines or regulations. Despite our efforts to include in this
report all of the new regulatory documents that we could find, this task became
impossible, and we resorted to reviewing and summarizing a sample. To provide a frame
of reference for the interest that DBBs have generated at the local policy level, the list
below documents, from news media, the activities of city agencies within the State of
Texas between April and December 2008 (Lloyd, 2008).
Cities enacting moratoria on LED billboards or DBBs in general - 6
Cities with DBBs under discussion at city council Jevel-14
Cities imposing restrictions, but not prohibitions on LED billboards or DBBs - 2
Cities enacting total prohibitions on LED billboards or DBBs- 23
The Outdoor Advertising Association of America (OAAA, Undated b) has periodically
issued and updated a document called the "State Changeable Message Chart." This
document summarizes the regulations and guidelines in the various States as they affect
"changeable message signs" including those with "tri-action" and those with "digital
technology." Summarizing the information contained in this document, one can see that
regulations for "dwell time" (the minimum length of time that a static message must
appear on the sign before changing) range from 4 s to 10 s, those for "twirl time" (also
known as the message change interval) range from "instantaneous" to a maximum of 4 s,
with four States apparently having no upper limit; and required minimum spacing
distance between signs ranging from "traditional 500 ft" to 5000 ft. According to the
document, three states (North Dakota, New Hampshire, and Wyoming) prohibit all
changeable message signs (CMS), five (Maryland, Massachusetts, Oregon, Texas, and
Washington) permit tri-action signs only, and 38 others permit CMS with digital
technology.
Recently, the OAAA (Undated c) posted on its website a Jist of"Brightness Criteria" for
digital billboards, which, it noted, was based on a report submitted to the organization in
March, 2008 by Dr. Ian Lewin of Scottsdale, Arizona. Our request for a copy of this
report or the underlying analyses that Jed to the statedcriteria was refused by OAAA on
the grounds that the author did not want his data to be made publicly available since his
had been submitted for publication.
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Key provisions of the stated criteria are:
Light produced by a digital billboard should not exceed 0.3 Footcandles (fc)
over ambient light levels.
Measurement should be taken utilizing a Footcandle (fc) meter from the
following distances (perpendicular to the face of the digital billboard):
o Posters: 150 feet
o 10'6x36' Bulletins: 200 feet
o 14'x48' Bulletins: 250 feet
o 20'x60' Bulletins: 350 feet
A digital billboard must be able to automatically adjust as ambient light levels
change. An automatic light sensing device (such as a photocell or similar
technology) should be utilized for adjusting the digital billboard's brightness.
Sunset-sunrise tables and manual methods of controlling brightness are not
acceptable as a primary means of controlling brightness.
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SECTION 6.
RECOMMENDATONS FOR GUIDELINES
Based on the knowledge gained from the research reviewed in this project, as well
as research conducted earlier and reviewed previously, good human factors practice, and
guidelines or regulations developed or under consideration in jurisdictions throughout the
US and world-wide, we have prepared a set of recommendations that State and local
government agencies as well as private roadway operating authorities may wish to
consider for use. We recognize that there are not yet comprehensive research-based
answers to fully inform such guidance or regulation, and, given the complexity ofthe
issue and the number of factors involved, it may be years before such results are
available. Nonetheless, we have found, through the work undertaken for this project, that
the research conducted within roughly the past ten years has quite consistently
demonstrated empirical concern about driver distraction from roadside billboards, and
has identified a number of DBB location and operational characteristics that seem to
exacerbate the risk and/or consequences of such distraction, that the need for guidelines
and/or regulations can be met within our current degree of knowledge. Indeed, of those
research studies that have addressed driver distraction and roadside billboards, nearly
every empirical study undertaken since 1995, including that by Lee eta!., and sponsored
by the outdoor advertising industry, have demonstrated that there is an adverse
relationship between distraction and digital billboards.

MINIMUM MESSAGE DISPLAY DURA T/ON (MESSAGE ON-TIME).
Perhaps the most contentious issue to be addressed in guidelines or regulations
can be found in debates about the minimum duration of a message displayed on a DBB.
For it is here that the goals of the DBB owner and those of the highway safety specialist
are most at odds. Since roadside outdoor advertising is sold, to a large extent, on the
number of drivers that pass the sign on a daily or hourly basis, and since certain times of
day (e.g. rush hour) provide a larger audience, it is clearly to the sign operator's benefit to
minimize the time for which any given message is presented so as to be able to offer
more messages per unit time. There is, perhaps, a minimum display time below which
both advertisers and regulators may agree that message display is unreasonable- for the
advertiser because the time interval is too brief for a message to be read; for the traffic
safety expert because the display obviously appears to "flash," and flashing signs are
almost universally prohibited.
We are not aware of any research that has been conducted on the effects on distraction of
the duration oftime that a message on a DBB remains visible before changing to the next
message. The OAAA (Undated a) has, periodically, issued guidance to its members on
minimum display duration. It recommends 4 s. The FHWA (Shepherd, 2007) has
recommended a minimum 8 s duration, and the OAAA (Undated b) reports that 41 States
have enacted message display minima, ranging from 4 to 10 s. To our knowledge there is
no empirical basis for any of these recommended or required display intervals. Indeed, as
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discussed below, good human factors practice would suggest that minimum display
duration should differ with sight distance, prevailing speeds, and other factors.
Without the benefit of research, we must rely on human factors principles when
attempting to develop a meaningful standard for minimum message duration. There are
two human factors concerns that help to inform the analysis for this issue. First, it is
widely understood that bright lights and visual change can draw the eye to a stimulus that
is brighter than the surroundings, and/or exhibits movement or apparent movement.
DBBs possess these properties, particularly at night and when they can be seen from
considerable distances. In addition, the Zeigamik Effect suggests that drivers will be
attracted to attend longer to a display whose message changes as they approach it, in an
effort to "complete" the viewing experience; in other words, to be able to look at a
changeable message sign until he or she has seen the "complete" message. The simple
way to minimize both of these potentially distracting effects ofDBBs is to reduce to a
minimum the likelihood that any given driver will observe an actual message change or
to see more than a single displayed image. Given that any driver may come upon a given
DBB at the moment of message change, regardless of the message duration, this
objective cannot be met. However, it is not unreasonable to place a lower limit on
message display duration to ensure that it is highly likely that motorists will be unable to
see more than two successive messages (which would, by definition, include one message
change). This can be accomplished by determining the sight distance and the prevailing
speed (or the posted speed limit) for a road on which such a DBB appears, calculating the
time for which a given DBB will be within the view of approaching drivers, and setting
the minimum message duration at that interval or greater. Several jurisdictions have
adopted this approach (see, for example, TEC, 1989; TERS, 2007). This is also the
approach that was followed by the New York State Department of Transportation during
the development of its draft regulations (NYSDOT, 2008a). The result of this analysis in
New York was a proposed requirement for a minimum message display time of 61 s.
(This proposed requirement was substantially reduced after a public comment period
[NYSDOT, 2008b]). Of course, for different sight distances and different prevailing
speeds, this minimum message duration would be different. Although a case-by-case
process of setting minimum display durations would be optimum for traffic safety, it is
likely that for both regulatory and enforcement purposes and for the ability of sign
owners to establish standardized display intervals (and, hence, standardized advertising
rates), it would be more practical for a road authority to establish only a small number of
display duration minima, based on roads within their jurisdiction that operate with
different speed limits and traffic characteristics.

Recommendation.
It is recommended that the following formula be used for calculating a minimum
acceptable DBB display duration:

Sight distance to the DBB (ft) I Speed Limit (ft/sec) = Minimum display duration (sec).
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INTERVAL BETWEEN SUCCESSIVE DISPLAYS.
There is little disagreement between those roadway authorities which have
promulgated guidance or regulations concerning the interval between successive displays.
It is clear and consistent that this time interval should be as close to zero as possible.
Some jurisdictions define the change interval as "instantaneous," others describe it as 0.1
s or less. The reason for this position is simple. Given that it is a combination of
brightness and motion (real or apparent) that attracts a viewer's gaze to a DBB, a
perceptible dark or blank interval between successive displays will increase the sense of
apparent motion (i.e. bright-dark-bright is more visually compelling than bright-bright).

Recommendation:
Regardless of how it is operationally defined, the interval between successive
displays should be essentially zero, such that an approaching driver cannot perceive any
blanking of the display screen.

VISUAL EFFECTS BETWEEN SUCCESSIVE DISPLAYS.
Even more so than the case for the display interval, regulatory authorities are in
complete agreement that there should be no visual "special effects" of any kind during
the transition between successive messages. It is clear that the screen should transition
from one message to the next with no perceptible dimming or blanking of the display,
and with no visible effects such as fade, dissolve, or animation. Different jurisdictions
have described such prohibited effects differently, but the purpose is the same- a
seamless, imperceptible transition from one image to the next.

Recommendation.
No special visual effects of any kind should be permitted tci accompany the
transition between any two successive messages. (Of course, it is assumed that no special
visual effects are permitted during the time that any message is displayed on the screen).

MESSAGE SEQUENCING.
Message sequencing is a term used to describe a single thought, idea, concept,
message, or advertisement for a product or service that is divided into segments and
presented over two or more successive display phases of a single DBB or across two or
more individual DBBs. Like the old "Burma Shave" signs that lined the country's
roadways beginning in the 1920s (Vossler, 1997), the use of roadside advertising signs to
communicate a message in segments is based on the premise of capturing and holding the
driver's attention throughout the time or distance chosen to present the complete
message. This premise is, in tum, based on the understanding of the Zeigamik Effect; or,
as described in the Wikipedia entry, the signs were effective for "drawing the attention
(of) passers-by who were curious to discover the punchline" (Wikipedia contributors,
2009).
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We believe that sequencing should be prohibited, whether on a single sign or multiple
signs. This can be effectively accomplished by establishing minimum longitudinal
distances between DBBs, or by ensuring that the minimum message display time is
sufficiently long that a driver cannot view more than two such messages on a given
passage, or by a combination of both. Even more simply, restrictions can follow those
promulgated by SANRAL, which state: succinctly: "no message may be spread across
more than one advertisement" (SANRAL, 2000).

Recommendation.
Message sequencing should be prohibited.

AMOUNT OF INFORMATION DISPLAYED.
Other factors held constant, the more information that is presented on a DBB, the
longer it will take an observer to read the message, and as shown in studies of official
CMS, the more likely it will be that drivers will slow to read the message, adversely
affecting traffic flow and safety. This concern is exacerbated in situations when a driver
might want to memorize or memorialize part or all of a message displayed on a DBB.
Dudek (2008), in discussing official CMSs using the latest LED technology, reports that
about 85% of drivers can begin reading a message about 800 ft upstream of the sign if the
sign uses character heights of 18 in. At a reading speed of one word per second
(demonstrated in numerous studies), this translates to maximum message lengths of eight
words at 55 mph, seven at 65 mph, and six at 70 mph (p. 9). One must keep in mind,
however, that these message lengths assume a message optimized for legibility and
readability. To the extent that message fonts, typefaces, colors, color contrast, and other
factors detract from readability, these message lengths must be reduced.
To our knowledge, no US jurisdiction places restrictions on the amount of information
that may be presented on billboards, including DBBs. As stated above, the amount of
information on official traffic signs is controlled as a result of years of human factors
research. Both the outdoor (OAAA) and on-premise sign industries (International Sign
Association [ISA]) have, from time to time, provided guidance to their members about
the relationship between the effectiveness of a sign and the amount of information
presented on it.
Several government agencies outside the US have promulgated regulations or guidance
that addresses this issue from the perspective of driver workload. Some limit the number
of words or characters permitted on a sign; others restrict the number of bits of
information that a sign may contain. Lengthy strings of numbers and/or letters, such as
telephone or license plates numbers, or internet addresses, have come under scrutiny in a
number of jurisdictions because of the demands that they may place on the driver.
There remains, however, a clear distinction between the efforts of highway and traffic
safety experts on the one hand and the creators of outdoor advertising sign content on the
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other, in the approach that they have followed to the design of messages meant to be read
by drivers. The MUTCD and the research on which it relies recognize that road signs are
something of a "necessary evil." They are required to communicate warnings,
regulations, guidance and other information to road users. But, because even official
signs draw the driver's eyes away from the principal task, such signs are designed
communicate their message quickly, clearly, and consistently. Advertisers, on the other
hand, have demonstrated little predilection to follow these principles; rather, their goal is
to attract the driver's attention, and hold it long enough to communicate their message.
For this reason, as well as others including brand identification and the need to compete
with other signs for attention, billboards, including DBBs, tend to rely on bright colors,
bold graphics, attention-getting images, and clever phrases to perform their job. Words
and phrases may be presented anywhere on the sign face, including sideways and upside
down, depicted in multiple fonts and typefaces that may be difficult and time-consuming
to read. Color and contrast may draw attention to the sign and yet prove to be a challenge
to the driver to read the message in the time available for it to be seen.
While it is not be within the power of any government agency or road operating authority
in the US to dictate the type or nature of display content or presentation, we believe that it
is reasonable for such authorities to impose limits on the amount of information that can
be presented. Precedent for guidelines on information content can be found in the work of
duToit and Coetzee (2001) in South Africa, Martens (2009) in The Netherlands, and
Dudek (2008) in the US. The basis for such control as used on official signs is presented
in the MUTCD (2003) at Section 2E.21 (p. 2E-20).

Recommendations.
Specific upper limits on the amount of information that might be permitted on
DBBs should differ depending upon sight distance, speed limits (or prevailing speeds),
and driver task demands imposed by the design and operation of the roadway. Without
specific research it would be premature to recommend such limits in this report.
However, reasonable guidance based on relevant human factors research, as discussed in
Section 5 of the present report, has been developed by SANRAL (2000) and for the
highway authorities in The Netherlands (Martens, 2009), and might prove to be a useful
starting point for interested agencies. Further, the work by Dudek (2008) and his
colleagues provides valuable insights, although this research is targeted at official CMS.
It should be noted that the use of telephone numbers, internet addresses, text message
instructions, etc., is potentially harmful to traffic safety because drivers may slow to read,
record, or even copy such information while in traffic. Evidence of such traffic slowing
has been shown by Dudek, et a!. (2007) with regard to AMBER Alert messages on
official changeable message signs. Figure 6 shows a DBB displaying a commercial
message that includes a number of these elements.
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Figure 6. A DBB adjacent to an interstate highway in California. The sign includes an
internet address, text messaging instructions, characters in multiple colors, sizes and
typefaces, poor figure-ground contrast, and several graphic elements too small to read.

INFORMATION PRESENTATION.
As discussed immediately above, considerable research in both the US and abroad
has produced clear and consistent recommendations for display presentation
characteristics that facilitate speed and ease of reading and rapid, unambiguous message
interpretation. These recommendations, through years of development and constant
refinement have resulted in uniform standards for official signs. The lessons learned from
this research, and the adoption of the spirit of such standards by the outdoor advertising
industry could produce DBBs that facilitate rapid, error-free reading of roadside
advertisements with lower levels of driver attentional demand and distraction: Typeface,
font, color and contrast of figure and background, character size, etc., all play a role in
the legibility and readability of a display. Figure 6, above, shows the potential difficulty
of reading a message presented on a DBB with several display features that are less than
optimum for readability by approaching drivers.

Recommendations.
Specific recommendations for the design of DBB advertisements are beyond the
scope of this report, and, possibly, outside the authority of regulators. This is an area,
however, where considerable guidance is available to advertisers and DBB owners from
sources inside the outdoor advertising industry as well as human factors and traffic safety
experts, and the MUTCD itself. Stronger industry guidance and self-regulation regarding
the design of information presentation on DBBs could go a long way toward reducing
their potential for driver distraction.
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DBB Size.
The larger the size of the DBB, the larger the images and characters that can be
displayed on it, the brighter it can appear to be, and the greater the distance from which it
can be seen and read.
In the US, the majority of DBBs erected to date, and, to the best of our knowledge, the
majority of those contemplated in the near term, are one-to-one replacements for, or the
same size as, existing conventional billboards. The most common size for such billboards
adjacent to roadways is 14ft by 48ft in a horizontal format.
Regulations governing DBB size may be based on factors other than sight distance or
legibility, such as zoning, land use, structural constraints, etc., and are beyond the scope
ofthis report.
On-premise and vehicle-mounted digital (and video) signs, do not necessarily conform to
these standards. The issue ofDBB size is this context is briefly discussed in Section 6.

Recommendations.
Since the principal focus of this report is off-premise DBBs, recommendations for
maximum sign sizes are inappropriate.

BRIGHTNESS, LUMINANCE AND ILLUMINANCE.
The issue of brightness, luminance, and illuminance is at once the most
contentious, the most important, the most "public," and the least well understood aspect
ofDBB operation and its potential for adverse impacts on approaching drivers. And yet,
it is the issue that may be the most amendable to a solution that is satisfactory to DBB
owners and operators, traffic safety experts and regulators, and the traveling public.
Brightness is a measure of the perceived intensity of a source of light. As described by
Halsted (1993), "brightness is a subjective attribute oflight to which humans assign a
label between very dim and very bright (brilliant). Brightness is perceived, not
measured ... The response is non-linear and complex. The sensitivity of the eye decreases
as the magnitude of the light increases" (p. 2). A DBB is constructed of thousands of
Light Emitting Diodes (LEDs) that operate together to produce the myriad colors and
levels of light that we see when we view such a sign. Thus, we may consider a DBB to be
a source of light, although, in actuality, it is built of many individual sources. If we were
to set a DBB to its maximum output and observe the sign in full sunlight, it would appear
less bright to the human observer than it would if we viewed the same sign, at the same
setting, at night. Similarly, if we viewed the sign at the same setting at night in a bright
urban landscape it would appear less bright than if we viewed it in a dark rural
environment. Accordingly, when trying to develop guidelines or requirements for the
"brightness" ofDBBs, what we really mean is that we need to establish objective,
measurable limits on the amount oflight that such billboards actually emit, and set
different upper bounds for different environmental and ambient conditions. Such
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conditions might include daylight in sun or clouds, dusk and dawn, adverse weather such
as rain or fog, and nighttime conditions in urban, suburban, or rural settings. In short,
"brightness" cannot be used as a criterion to regulate or provide guidance for the output
ofDBBs.
Whereas brightness measures the subjective, human perception of the DBB's intensity,
two objective measures are available for the actual measurement and establishment of
limits. Illuminance describes the amount of light coming from a light source that lands on
a surface. Horizontal illuminance describes the amount of light landing on a horizontal
surface, such as the light reaching the surface of a desk or table from a lighting fixture
mounted overhead. Vertical illuminance describes the amount of light landing on a
vertical surface. For example, a light shining on a wall, or a vehicle's headlights shining
on a non-illuminated road sign. Illuminance is measured infootcandles (fc) or lux (lx).
Luminance describes the amount of light leaving a surface in a particular direction, or
reflected off that surface, and can be thought of as the measured brightness of a surface as
seen by the eye. Luminance is measured in candelas per square meter (cd/m 2), also
referred to as the nits (one nit= one candela per square meter). A typical LCD computer
monitor, for example, has a luminance of 300 nits or higher.
We might think of illuminance as the lighting of an object, and luminance as the light
comingfrom an object. In the case of a traditional, static billboard that is illuminated at
night by floodlights, as well as in the case of a DBB which uses LED technology that is
often described as "self-luminous," we are concerned with luminance, the light being
emitted from the billboard rather than illuminance. Through a simple example, we can
demonstrate how these two different measurement principles work, and why luminance is
preferred Jor our application. If we shine a light onto a white wall, and shine the same
light onto a dark grey wall from the same distance, the illuminance (the light falling on
the wall) will be identical, but the luminance will be much lower for the grey wall,
because it reflects back to the observer's eye much less of the light striking it.
Both the Illuminating Engineering Society of North America (IESNA) in its standard RP19-01, and the Commission Internationale de L'Eclairage (CIE), in its publication 1111994 (both cited in Andersen, 2008a), discuss luminance values for road signsexternally and internally lighted signs in the first case, and changeable message signs in
the second. In its discussion of sign brightness, the 3M Corporation says: "luminance is
the best measure available to judge relative sign brightness" (3M, 2005).
With an important exception discussed below, the luminance of a DBB is relatively
unimportant during a sunny day. However, it is precisely because a DBB must have a
very high luminance capability to be visible in bright sunlight, that its output must be
reduced at night, at dawn or dusk, or in inclement weather.
Through what some have called the "moth effect" (see, for example, Green, 2006) but
may be more appropriately seen as a variant of the physiological mechanisms of
phototropism or phototaxis, the eye is drawn to the brightest objects in the field of view.
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Thus, other things equal, a brighter billboard will attract a driver's gaze earlier and,
potentially, longer, than other visual stimuli in the environment that appear less bright.
At night, dawn or dusk, or in inclement weather such as rain or fog, where visibility
conditions are poorer than in daylight, a bright sign can draw attention away from the
road, official TCDs, and other vehicles, and can render signs lighted to a lesser degree
more difficult to discern, particularly when the billboard and the official signs must be
viewed at the same time. Similarly, vehicle rear lighting can become more difficult to
see, and less conspicuous, if it is to be viewed at the same time, and within the same field
of view, as a brightly lit DBB.
There is no single luminance level that can be established as a reasonable criterion
because brightness (although not actual luminance) is dependent upon the surrounding
environment in the context of which a particular DBB is viewed. Thus, for example, a
DBB of the same size and luminance will appear to the driver to be much brighter if it is
located in a rural area or along an unlit roadway, than it would if it was in a brightly lit
urban environment or adjacent to a illuminated freeway.
All of the research identified in this report, and all of the identified regulatory authorities
that have imposed billboard, including DBB, brightness limits, use luminance as their
measurement approach. On the other hand, the OAAA uses illuminance. The discussion
below highlights these differences and explains the implications of them for the setting of
regulations or guidance.
On behalf of the New York State Department of Transportation, the Lighting Research
Center of the Rensselaer Polytechnic Institute (Bullough and Skinner, 2008) prepared a
document titled: "Technical Memorandum: Evaluation of Billboard Sign Luminance."
The principal purpose of RPI' s work was to provide NYSDOT with estimates of the
luminance levels of existing, static, externally-illuminated billboards adjacent to State
highways so that the State could make an informed decision about maximum luminance
levels that might be. permitted for DBBs using "self-luminous light sources such as lightemitting diodes (LEDs)" (p. 1). The work consisted of three steps - a review of
recommendations and methods to calculate luminances from IESNA and industry
sources; field measurements of the luminances of several billboards in situ; and a
computer simulation of a billboard lighting installation based on industry
recommendations.
The report describes the IESNA recommendations (Rea, 2000) for "illuminated billboard
signs and other large advertising panels" (i.e. the dedicated, fixed lighting shining on the
billboard to illuminate it at night) and identifies two factors that must be considered when
applying these values. The first is the degree of reflectivity of the billboard itself- a
dark-colored sign will reflect less light than will a light-colored sign (assuming that the
lighting sources are equal). The second is the surrounding location- whether the
billboard is located in a bright, typically urban, setting, or in a dark, typically rural
setting. The IESNA values for billboards in bright surroundings is 1000 lux (abbreviated
lx), and for dark surroundings, 500 lx. Assuming that a billboard had a white sign face
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with a reflectance of 0.8, the luminance (L) of such a billboard (the amount of light
reflected back from the sign) would be 250 candela per square meter (cd!nl) in the bright
environment, and 130 cd!m2 in the dark setting. The authors then reviewed product
information supplied by two billboard manufacturers and concluded that industry
recommendations were in close accord with those recommended by the IESNA.
The researchers then recorded the luminance values for six conventional billboard faces
and four LED billboard faces using a Minolta LS-I 00 luminance meter. Their
measurement methods are well described in their report and won't be repeated here. They
2
found that the LED billboards ranged from 160-320 cd/m at night, with a mean value of
225 cd!m2 • The conventional billboards (excluding two faces that were apparently not
illuminated) ranged from 150-240 cd!m2 with a mean of 182.5 cd/m2 .
Bullough and Skinner next created a computer simulation model to determine whether
they could reproduce their field measurements. Their model consisted of a 14ft. by 48ft.
fixed, illuminated billboard with a white (0.8 reflectance) sign face and a 40ft. tall
mounting pole with reflectance of 0.25. Their virtual billboard installation was created in
a simulated dark nighttime setting. They found that the luminance values of the billboard
signs were generally consistent across their three tests, and they concluded that "it is
probably reasonable to expect that the luminance of a conventional billboard would not
be likely to exceed about 280 cd/m2 during the nighttime" (p. 4).
When discussing luminance measurements for DBBs, the authors make several
recommendations:
Luminance measurements should be made directly in front of a sign.
Because LEDs have higher light output at lower temperatures, measurements
should be made within predefined, and consistent ambient temperature ranges.
A luminance meter aperture of 1 deg or less should be used.
Because LED billboards are composed of arrays of LEDs, their surfaces are
not uniform. If viewed from very close distances, they will appear as an array
of bright points against a dark background. Thus, a viewing distance of
approximately 50 ft is suggested, since a 1-deg meter aperture would subtend
approximately 10 in at this distance, sufficient to ensure uniformity of the
display.
Since light from the ambient environment adds to the recorded luminance,
measurements should not be taken at distances greater than that suggested
above.
Measurements should be made while the sign display is white to present the
maximum luminance values.
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In its draft regulations, the State recognized that DBBs at night, if excessively bright,
could not only cause distraction, but also could compromise dark adaptation, particularly
for older drivers. (The potential for discomfort or disability glare was not discussed in the
State's proposal, but was briefly addressed in the RPI report). Based on RPI's work and
as a result of the State's review of the billboard industry's own published literature, the
State initially recommended a "maximum brightness" for DBBs at night of 280 cd!m2 •
This upper limit remained in force when the State issued its final regulations.
On behalf of the government of Queensland, Australia, TERS (2002) also described a
specific measurement technique using luminance, and identified specific constraints for
nighttime luminance levels. Appendix D to their report cites, as a basis for their
guidelines, the research results from Johnson and Cole (1976) that "brightness from
illuminated Advertising Devices directed at road traffic should be minimized under all
conditions" (p. 20).
Similar to the work by RPI for NYSDOT, these authors indicate that the surroundings in
which the billboard is located is a major factor that affects its brightness, given a
particular luminance level. They have defined three "Lighting Environment Zones"
The maximum recommended luminance levels for billboards of all sizes, measured in
cd!m2, are as shown below:
Lighting Environment Lighting Environment Lighting Environment
Zone I
Zone2
Zone 3
500 cd/m"
350 cd/m"
300 cd!m"
TERS describes its luminance measurement methodology as summarized below:
Allow the billboard to "bum in" for at least I 00 hours.
Use a luminance meter with a field of view of2 degrees.
Ensure that no ambient background area or spurious light source beyond the
billboard is included in the field of view of the luminance meter.
Take the measurement with the operator standing at the edge of the traveled
way, in a direct line, and at a longitudinal distance from the billboard
determined by a formula shown as:
x = 28a meters
where x is the longitudinal distance from the billboard and a is the short
dimension of the billboard. Thus, for a billboard that measures 14ft. (4.3 m)
in its shortest dimension, the measurement would be made from 120.4 meters
(395ft.) away.
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If the longer axis of the billboard is greater than 1.5 times the shorter axis,
take a series of measurements and average the results to determine a mean
luminance level for the entire sign face.
Although the luminance measurement distance recommended by TERS is greater than
that proposed by RTI, there is a simple explanation for this apparent discrepancy. First,
the measurement technique presented by TERS is for use with conventional billboards,
and recognizes that there may be wide variations in luminance at different positions
across the sign face. Thus, their measurement technique places the luminance meter
sufficiently far from the billboard to take in the overall sign face without also including
nearby ambient lighting sources. If the TERS measurement methodology were to be
applied to a DBB, and if the measurements were to be made with a uniform white sign
face, as proposed by RPI, then it is likely that the proposed measurement distances would
be closer, recognizing that TERS suggests a 2 deg field of view and RPI suggests l de g.

Recommendations.
The measurement of luminance is reasonably straightforward, and, although there
are some technical disagreements on how this measurement should be made, these
differences are minor. Both New York State (Bullough and Skinner, 2008) and the
Queensland (Australia) government (TERS, 2002) use equivalent methods, which are
similar to the approach recommended by an FHWA expert in this field (Andersen,
2008b).
These methods can be adopted for use by any jurisdiction, with two caveats. First,
although Queensland has explicitly recognized the need for different maximum billboard
luminance levels depending upon different roadway environments, such ambient lighting
conditions in the U.S. may differ from those in Australia, and State and local jurisdictions
may wish to define their environmental surroundings to be in closer accord with local
conditions "on the ground." Second, given that luminance standards must establish
maximum acceptable levels, it is important that the any measurement ofDBBs in the
field be done with the signs set to their maximum output, i.e. displaying a completely
white screen. Because digital billboards can display an essentially infinite variety of
colors and patterns, it is not appropriate to take field measurements of signs displaying
actual messages, since, at any given time, such messages may not represent the maximum
luminance values of which the sign is capable. (Figure 6 shows a DBB which, because of
its color, may be representative of a low luminance level).
The OAAA, in its "Code of Principles on Digital Billboards" (OAAA, 2008) makes the
following statement with regard to DBB luminance:
We are committed to ensuring that the ambient light conditions associates with
standard-size digital billboards are monitored by a light sensing device at all times
and that display brightness will be appropriately adjusted as ambient light levels
change.
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Although not included within its code of principles, the OAAA (2008) states:
The outdoor advertising industry has established guidelines after commissioning
research by Dr. Ian Lewin, a former chairman of the Illuminating Engineering
Society ofNorth America (IESNA). Digital billboards, according to the standards,
should have lighting levels no more than 0.3 foot candles (fc) above the level of
surrounding ambient light conditions."
Unfortunately, this research study is not available on the OAAA website, and OAAA
officials refused our request for access to Dr. Levin's research. The language reported by
the organization on its website, however, suggests two problems with their approach.
First, they used illuminance as their measurement technique, whereas other organizations
used luminance. Second, the OAAA expert apparently recommended that DBBs be
controlled such that their maximum display output is capped at a fixed amount (0.3 fc)
greater than the surrounding environment. This specification may be inappropriate
because illumination levels do not increase in linear fashion. Thus, a DBB with an output
that is 0.3 fc higher than the ambient illumination in an urban environment (where the
majority ofDBBs are likely to be located) will appear to the driver to be much brighter
than official TCDs and other traffic, whereas a DBB with an output that is 0.3 fc higher
than that of a suburban or rural environment may not appear to be so extremely bright,
and may be less likely to overwhelm important safety targets and signals of lower
luminance.
There is one ambient lighting/weather condition that suggests a need for an exception to
the recommendations that DBB luminance controls are unnecessary in daylight. This
exception occurs during daytime fog. In daytime fog, the ambient lighting conditions may
be described as high brightness and low contrast. The water vapor in the atmosphere
scatters light sources and may cause glare. In dense fog, drivers may have difficulty
seeing vehicles ahead of them, even when these vehicles have their lights on. Multivehicle crashes are not infrequent in dense fog, and this is often attributed to drivers
being unable to see vehicles ahead of them in sufficient time and distance to stop. The
very high luminance levels of which modem DBBs are capable, and to which they are
typically set during daylight so as to be visible in full sunlight, may have a potentially
deleterious effect in fog, especially if the DBB is placed so that it is close to the center of
the driver's focal vision upon approach, such as might be the case on a horizontal curve
As recommended by the OAAA, DBBs should be equipped with sensors that measure
ambient brightness, and dimmers that can control the sign output to predetermined levels.
Although necessary, this is not sufficient. These predetermined levels should be
established by the means suggested above. Further, if the onboard sensors cannot detect
daylight fog and adjust the sign's output accordingly, jurisdictions should develop their
own output limitations for these conditions.
The good news is that regulatory bodies and billboard companies seem to reach similar
conclusions about the maximum luminance values that billboards should not exceed
under defined conditions. If these two stakeholder groups can agree upon measurement
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methods, environmental descriptors, and means for ensuring that limits are not exceeded,
one of the key concerns about the distraction potential ofDBBscould be close to
resolution.

DISPLAY LUMINANCE IN THE EVENT OF FAILURE.
There are a number of failure modes that can affect the luminance of a DBB, and
there have been reported cases of failures in which the display luminance defaulted to a
level far higher than intended or permitted.
Although, as discussed above, the OAAA provides guidance on its website and in
periodic reports about suggested upper limits on display luminance (which it calls
brightness, and suggests that DBBs include a device to automatically control the sign
brightness relative to the ambient enviromuent, the organization is silent on the issue of
luminance control in the event of system or subsystem failure.

Recommendations.
Roadway authorities should incorporate into their guidelines verifiable
requirements that, in the event of any failure or combination of failures that affect DBB
luminance, the display will default to an output level no higher than that which has been
independently determined to be the acceptable maximum under normal operation. If this
cannot be achieved, then the display should be required to default to an "off' position
until the problem can be resolved.

LONGITUDINAL SPACING BETWEEN DIGITAL BILLBOARDS.
As noted by the OAAA, different States have widely varying longitudinal spacing
requirements for billboards in general and DBBs in particular. These requirements are
typically described by the distance in feet that the nearest billboards must be spaced from
one another. Often there is a different spacing requirement for billboards on opposite
sides of the road. From the perspective of potential driver distraction, however,
longitudinal billboard spacing should not be based on absolute distance, but upon
whether two or more such billboards are within the driver's field of view at the same
time, and, consequently, whether the unsynchronized changing messages on such
billboards can distract by conveying the appearance of flashing. Accordingly,
longitudinal spacing minima may vary depending upon prevailing travel speeds, sight
distance, and topography, and thus may vary considerably from one location to another,
even within the same jurisdiction.

Recommendations.
Governments or roadway operating authorities should establish minimum
longitudinal spacing requirements for DBBs such that an approaching driver is not faced
with two or more DBB displays within his field of view at the same time. This minimizes
the risk of distraction and ensures that a flashing effect (that may be caused by two [or
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more] different signs cycling through messages on different programs) will not occur.
Any such longitudinal spacing requirements should address signs on both sides of the
roadway. If a consistent spacing requirement is appropriate or necessary within any
particular jurisdiction, then the most conservative spacing consistent with the above
requirements should be established.

DBB PLACEMENT WITH RELATION TO TRAFFIC CONTROL
DEVICES AND DRIVER DECISION AND ACTION POINTS.
Beyond the design and operational characteristics ofDBBs themselves
(brightness, display duration, etc.) perhaps the most important DBB characteristic with
impact on traffic safety is the placement of such signs in relation to driver decision and
action points, and to the traffic control devices (signs, signals and markings) that aid
drivers in these decisions and guide them in these actions. Specifically, it is understood
that the cognitive demands on drivers is greatest (other factors held constant) when they
must position themselves to take an exit, enter a freeway, reduce or drop lanes, merge
with other traffic, change route, etc ..
The independent research reviewed for this report recognizes the importance of such
constraints almost without exception, and the many jurisdictions, in the U.S. and abroad,
that have published guidance and/or regulations nearly all address these concerns. And
although these guidelines and restrictions are not fully consistent across regulatory
agencies, they are remarkably similar. Although some published guidance and regulation
is too vague to be useful in terms of enforcement potential or proven safety benefits.
Others may well serve as a model that State and local governments, and other roadway
authorities might adopt.
We believe that the adoption of objective constraints for DBB placement in relation to
official TCDs, to intersections and interchanges, and to decision and action points is
firmly justified because, to a great extent, the design and placement ofTCDs themselves
is the result of empirical research that has led to nationwide standards. Similarly, the
design of intersections and interchanges, and of roadway design for safe and efficient
traffic movements, is based on long-standing, well-researched, thoroughly documented
principles. Accordingly, we believe that prohibitions against the placement of distracting
irrelevant stimuli in roadway settings where drivers must make decisions and take actions
should be imposed.

Recommendations.
The guidance provided by the government of Queensland, Australia is particularly
well researched and documented, and might serve as a basis for US highway agencies.
Similarly, the recommendations promulgated in New South Wales, Australia, are
relevant, as is the guidance developed in South Africa, with specific regard to the
placement ofDBBs relative to official traffic signs.
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ANNUAL OPERATING PERMITS.
There are several reasons why a Government agency or toll road or other roadway
operating agency might want to rescind the operating permit for a DBB after initial
approval. For example, traffic delays, crashes, or other operational difficulties may
increase and the authority may attribute such difficulties to the presence or operation of
the sign. New technologies may become available and used on the sign that the
authorities find inappropriate. The sign may experience frequent failures or
misoperation. The road abutting the sign may need to handle increasing traffic, or may
need to be upgraded with additional lanes, interchanges, or signage, placing the DBB,
after the fact, in a location that the authorities believe to be unsafe.
The City of Oakdale, Minnesota, as discussed in Section 5, grants annual permits to
operate DBBs; the permits must be renewed each year. This allows the City to maintain
oversight of sign operation, and facilitates updates to controlling legislation should new
technologies emerge or should new operational data or research findings suggest needed
changes to sign location or operation. Without such a process, a permitted sign may
continue to operate unchecked, regardless of whether new information would suggest
modifications to placement or operation.

Recommendation.
Government agencies and roadway operating authorities might consider the
practice adopted in Oakdale, Minnesota, whereby owners ofDBBs are granted a permit
to operate a sign for a year, and must renew the permit annually.
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SECTION 7.
DIGITAL BILLBOARDS ON-PREMISE AND ON THE
RIGHT-OF-WAY
Digital Billboards as On-Premise Signs.
On-premise signs, those that advertise products or services that are available on
the property on which the sign is located, have been a mainstay in the US for generations.
The objectives of the current project were to "develop guidance for state DOTs and other
highway operating agencies with respect to the safety implications of the digital display
technology for outdoor advertising signs." Traditionally, outdoor advertising signs refer
to billboards, also known as off-premise signs. As such, on-premise signs are outside the
scope of this report. However, to the average motorist, the difference between billboards
and on-premise signs is transparent. In addition, as the cost of LED display technology
comes down, and as the power of this technology grows, it becomes more likely that
roadside businesses, particularly those with multiple users such as shopping centers, auto
malls, sports complexes, and entertainment venues, will increasingly install large digital
advertising signs on their property.
Generally, despite the fact that such displays may use the same technologies as
billboards, the owners/operators of these signs are represented by different organizations,
and they have been regulated quite differently than have roadside billboards. On-premise
sign regulation is typically accomplished through local zoning codes, and may, in
general, be far more variable and likely less stringent with regard to the means of the
display, display characteristics, or the size of the sign than comparable controls on
billboards. Many such codes have changed little in recent years, despite the growth of
digital technology for on-premise displays.
From the traffic safety perspective, it is possible that the risk of driver inattention and
distraction is higher for some on-premise signs than for some DBBs, because on-premise
signs may be larger and closer to the road, mounted at elevations closer to the
approaching driver's eye level, and placed at angles that may require excessive head
movements, In addition, many such signs may display animation, full motion video,
sound, and other stimuli.
To our knowledge, the largest digital advertising sign in the world is an on-premise sign,
mounted on the roof of a grocery warehouse and store in New York City. This sign,
shown in Figure 7, is 90ft tall by 65ft wide 15 , and is mounted on a 165ft tall steel post
on the roof of the warehouse, adjacent to a major interstate highway. The sign, claimed to
be visible for over two miles, was recently used during a five-month period to present a
rotating series of 19 animated spots for a local magazine. The animation took advantage
of the "billboard's ability to display high-impact full motion video and graphics." The
15

The face of this sign measures 5,850 sq ft, nearly nine times the size of a typical roadside DBB.
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president of the company that created the commercials said: "It's really a blast to be
driving around the city and suddenly see your work looming over all of this traffic
entering and leaving the city" (Black Hammer, Undated).

Figure 7. The world's largest LED sign; an on-premise sign in New York City. The sign
measures 90 ft tall by 65 ft wide and is mounted on a 165 ft tall steel post on the roof of
building.
For transportation agencies and traffic safety organizations concerned about the risks of
driver distraction, digital on-premise signs should not be overlooked as a potentially
important near-term concern.
Strictly from the perspective of driver safety, agencies might want to consider restrictions
for on-premise sign operations at least as rigorous as those for billboards, as well as
restrictions on size, height, proximity to the right-of-way, and angular placement with
regard to the oncoming driver's line of sight. Of all of the guidelines proposed in this
report for DBBs, there may well be an equal or greater need to consider similar controls
for on-premise signs. In addition, consideration must also be given to such signs'
capacity for animation, flashing lights or other special effects, and full motion video.

DIGITAL BILLBOARDS WITHIN THE RIGHT-OF-WAY
On October 10,2008, Nevada Director of Transportation, Susan Martinovich,
transmitted an SEP-15 project application to FHWA's Nevada Division Administrator,
Susan Klekar, titled: "Auctioning Rights to Construct Enhancements on and within
Roadway Interchanges" (Martinovich, 2008).
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The heart of the proposed program is the "enhancement" of selected interchanges by
private partners that have submitted the highest or best value bids to the State. The
application suggests that these enhancements may include landscaping, "architectural
facades such as archways, public art or other aesthetic features" (p. 2). In exchange for
developing and constructing these enhancements (and, it is suggested, removing them at
the end of the lease term) the winning bidder "would be allowed to advertise within the
interchange right of way limits" (p. 2). Although the application places no restrictions on
the type of advertising that might be considered, the State suggests that this advertising
might likely take the form of "incorporating the private partner's trade name, trademark,
logo or other similar device into the design of the proposed enhancements" (p. 2).
The application States: "No design or enhancement would be accepted that would create
a safety issue for motorists or pedestrians" (p. 2), and "safety will be foremost. No design
will be allowed that will compromise safety" (p. 5). Given that the State proposes no a
priori assessment of potential safety impacts, that the installations will be in place for 10
or more years, and that the only suggested safety analysis would be an undefined
comparison of accidents; it is difficult to understand how this commitment to safety could
be fulfilled.
Further, although the State's application does not mention that any of the potential
enhancements will involve electronic signage, neither are such displays foreclosed. In
fact, the final paragraph of the application states: "The tourism based economy of Nevada
relies on spectacular displays, be they man-made or natural. Such exceptions (sic) of
grandeur make this program an ideal match" (p. 9). When the recognition of man-made
spectacular displays is associated, as this proposal is, with "context sensitive design," the
potential for the types of enhancements that are associated with Las Vegas and Reno
cannot be discounted.
On August 27, 2008, the Director of the California Department of Transportation
(Caltrans) wrote to the Secretary of the US Department of Transportation seeking support
for the expansion of its efforts "to integrate private sector participation in the provision of
infrastructure, service, and ongoing maintenance of the State's transportation system"
(Kempton, 2008). One of the "potential opportunities" for such partnership was described
as follows:
·
The Department's system of changeable message signs could be enhanced
through private sector participation. In exchange for use of the space on the signs
for commercial purposes, businesses could enhance the level of graphics, provide
a steady income source, and use state-of-the-art technology to increase the quality
of transportation and safety-related messages that are relayed to the signs.
At the time of the Caltrans request, the popular press (see, for example, McGreevy, 2008,
Miranda, 2008) reported that the initiative was proposed by Clear Channel Outdoor, one
of the country's largest providers ofDBBs. The Caltrans proposal has raised numerous
concerns within the highway safety community. A significant concern is that this
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initiative, if it went forward, would be in direct violation of several key sections of the
Manual of Uniform Traffic Control Devices (MUTCD, 2003). Examples include:
Traffic control devices or their supports shall not bear any advertising
message or any other message that is not related to traffic control" (p. IA-1). 16
Changeable message signs shall display pertinent traffic operational and
guidance information, not advertising" (p. 2E-20).
When a changeable message sign is used to display a safety or transportation
related message, the display format shall not be of a type that could be
considered similar to advertising displays. The display format shall not
include animation, rapid flashing, or other dynamic elements that are
characteristic of sports scoreboards or advertising displays (p. 2A-3).
Other sections of the MUTCD, including those that address signage that might be
considered closer to messages that are commercial in nature, nonetheless prohibit
advertising. For example:
The content of the legend on each panel (of a Tourist-Oriented Directional
Sign) shall be limited to the business identification and directional information
for not more than one eligible business, service or activity facility. The
legends shall not include promotional advertising" (p. 2G-l ).
Indeed, in official interpretations of the MUTCD and its purposes over the years, the
FHWA has consistently taken a strong position in opposition to advertising within the
right-of-way, and has supported its views with the legal opinion of its chief counsel.
For example, in 2001, in a policy memorandum addressing the purpose of"Adopt-aHighway" signs and their treatment in the MUTCD, then FHWA Deputy Executive
Director Vincent F. Schimmoller stated, in part:
Recently, it has come to our attention that there are a significant number of
Adopt-a-Highway signs throughout the country displaying commercial trade
logos, slogans, telephone numbers, Internet addresses, and similar forms of
commercial promotion ... These signs are clearly intended for advertising to the
passing motorists rather than acknowledging the litter pickup service of an
organization for which the program was intended ... These actions concern us and
we would like to clarify Federal Highway Administration's (FHWA) position on
this subject.
Adopt-A-Highway signs displaying commercial trade logos, slogans, telephone
numbers, Internet addresses, and similar forms of commercial promotion are not
in conformance with the 2000 MUTCD.
16

Note that this "Standard" is the very first requirement specified in the MUTCD and is included in Section
lA.Ol, titled: "Purpose of Traffic Control Devices."

164

Further, the placement of commercial advertisement within the roadway rights-ofway is a violation ofFederallaw and regulation .... Allowing the use of
commercial advertising signs along the roadway is a disservice to the traveling
motorist who is relying on roadside signs for regulatory, warning, and guiding
information. The Specific Sign Logo program and the Tourist Oriented
Destination Sign programs, which are in compliance with the MUTCD, have been
developed to provide guidance information to the traveling motorist.
This memorandum was supported by an attached legal opinion from the FHWA Chief
Counsel (Malone, 1996). This document stated, in part:
Signs erected solely as advertising signs do not fit any of the accepted categories
of the MUTCD. They certainly do not regulate or warn motorists. Nor do they
"give such information as will help them [motorists] along their way in the most
simple, direct manner possible" ... They are not concerned with promoting "the
safe and efficient utilization of the highways" ... Advertising signs on the right-ofway therefore are not approved signs under the MUTCD.
It would be ludicrous to suggest that Congress, while mandating the States to
control advertising along thousands of miles oflnterstate and Federal-aid primary
highways, would also allow the States to erect billboards on the rights-of-way of
those same thousands of miles of highway.

In closing, the Chief Counsel expressed his belief that "FHWA clearly has the authority
to withhold funds from a State that allows the erection of billboards on the rights-of-way,
an act which constitutes a failure to comply with Title 23 requirements."
More recently, Federal Highway Administrator Peters (2003) issued in interim policy on
Acknowledgment Signs on rights-of-way. She said, in part:
The FHWA recognizes a distinction between signing intended as advertising
and signing intended as an acknowledgment for services provided.
With regards to advertising signs within the highway right-of-way, the FHWA
reaffirms its long held position that advertising is not permitted on highway
rights-of-way.
Generally speaking, an advertisement has little if any relationship to a
highway service provided. The advertiser wants to get its recognizable
company emblem or logo before the motoring public, and, if possible,
information on how or where to purchase the company products or service. If
the acknowledgment sign goes beyond recognizing the company's
contribution to a particular part of the highway and includes phone numbers or
Internet addresses, the sign would more properly be termed an advertising
sign.
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Even in her recognition of the acceptable role of acknowledgment signs in specific
applications, Peters stated that "a compelling responsibility for public safety" leads the
FHWA to find certain locations inappropriate for such signs, including "on the front,
back or around the perimeter of any traffic control devices, including but not limited to:
Traffic signal heads and supports,
Any regulatory, guide or warning sign,
Changeable message sign,
Traffic control device posts or structures
Bridge piers
At any site where the acknowledgement sign would obscure the ability of a
driver to detect and understand existing traffic control devices."
Further, she stated that such signs would be "inappropriate and not allowed on public
highways ... at key decision points where a driver's attention is more appropriately
focused on traffic control devices or traffic conditions. These locations include, but are
not limited to:
Exit and entrance ramps and other lane-weaving areas
Highway-rail grade crossings
Work zones
Areas of limited sight distance
In short, FHWA's ongoing policy, and its interpretation of the MUTCD and the
legislation at 23 U.S.C. § 402(a) and § 109(d) under which the MUTCD was
promulgated, have clearly expressed opposition to advertising of any kind within the
right-of-way. Regardless of any benefits from the public-private partnerships that
California and Nevada have suggested, and regardless of any State budgetary difficulties
that might be eased by revenue from such partnerships, FHWA's position against
advertising on the right-of-way has been consistently and, we believe, appropriately,
based on its interpretation of the Federal Highway Administrator's authority to decide
which signs "promote the safe and efficient utilization of the highways" (Malone, 1996).
Other highway and toll road operating authorities have been approached by advertising
companies (see, for example, Dudek, 2008, p. 35), or have independently considered the
use of outdoor advertising on new or existing signage within their rights-of-way (see, for
example, The Port Authority of New York and New Jersey (PANY, 2006). There can be
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little doubt that an official acceptance by FHWA of the ideas promulgated by California
or Nevada in their recent SEP-15 initiatives would have important ramifications
nationwide. Indeed, there is concern that some roadway operating authorities may not
wait for FHWA action and may consider taking steps to approve advertising on their
rights-of-way regardless of FHWA's position. The FHWA legal opinion discussed above
(Malone, 1996) came in response to "a decision by the New Jersey Turnpike Authority to
erect 12 double-sided billboards in the right-of-way of the New Jersey Turnpike ... " And
the P ANY Request for Proposal advised proposers that "for the purpose of this analysis,
the Consultant shall assume that the Authority is exempt from local, State, and Federal
regulations, including FHWA policy" (Attachment A, Page 1).
Whether the placement and operation of DBBs within the right-of-way is a safety
concern is an issue that is central to the present report. In addition, the precedent that
would be set by the installation of such signs has important ramifications for the nation's
highway system, and for the continued role of the MUTCD as the national standard for
the design and use of official traffic control devices on streets and highways. Although a
discussion of the history, development, and impact of the MUTCD is beyond the scope of
this report, it bears comment that the document is unambiguous when it comes to the
potential for commercial messages to be displayed on official signs.
It is the opinion of this author that permitting California to study its proposed exceptions
to the requirements of the MUTCD and existing Federal law would bring about several
adverse consequences:

It would undermine decades of human factors research and application that
ensures that information important to the driving task is conveyed to the
motorist in the most clear, concise, succinct and unambiguous manner
possible.
It would set a dangerous precedent that would lead to similar actions by State
and local governi:nents, toll roads, and other private road operators
nationwide.
It would open to challenge the entire basis of the MUTCD, and erode
confidence in and respect for the country's only standard for the proper use of
traffic control devices on streets and highways.

And, most significantly, it would likely diminish safety and traffic flow on our streets and
highways through a direct and immediate increase in driver inattention and distraction.
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SECTION 8.
NEW TECHNOLOGY, NEW APPLICATIONS, NEW
CHALLENGES.
This project has been focused on the impact of commercial electronic (digital)
roadside signs on traffic flow and safety. Such signs, known as billboards in some
jurisdictions and off-premise signs in others, are typically located outside the right-ofway, on private property, and they advertise products that are not sold, or services that are
not performed on the property on which the sign is located. Billboards, regardless of the
technology used to present and change the display, differ from on-premise signs in that
the latter must be, generally, located on the premises at which the advertised service is
performed, or product sold.
During the course of our research for this project, we learned of the growing use of new
applications that increase the power and/or functionality of these digital, predominantly
LED signs. These new applications have begun to appear on billboards in the US and
abroad, on mobile (vehicle-mounted) displays, and on on-premise signs. Although some
of these applications fall outside the charter of this project, this report would be
incomplete without mention of them.
In most cases these new technologies and new applications are not addressed in Federal
or local regulations and guidance; in some, regulations have already been imposed to
address them. In a third category, some new developments appear to be in direct conflict
with existing regulations or guidance. This chapter, although not contemplated when this
project was initiated, will provide a brief overview of these new technologies and
applications.

Billboard Audio and Other Stimuli.
Digital outdoor advertisements are already in use in some US locations that
broadcast audio along with their visual messages. It is not unreasonable to assume that
audio, and perhaps other attention-getting stimuli, may appear in the future.
Internationally, we are aware that the SANRAL (2000) regulations recognize this
potential, and prohibit it. Part B, Subsection 4 states: "No advertisement will be allowed
that emits a noise, sound, smoke, smell or odours" (p. 13). In the U.S., both St. Croix
County, Wisconsin, and the city of Tucson, Arizona, have similar requirements.

Digital Billboards on Moving Vehicles.
Vehicles in the traffic stream, primarily commercial trucks, have long borne
advertisements for the truck owner or for the products being carried. One might think of
these as mobile "on-premise" signs. In some cases, "supergraphics" (although, not, to our
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knowledge, digital) have been demonstrated that can convert trucks or large, over-theroad trailers into dramatic mobile visual images. One example is shown in Figure 8.

Figure 8. An over-the-road trailer featuring "supergraphic" imagery.
Urban and suburban taxicabs, buses, and rail transit vehicles may also display
advertisements, and increasingly, these advertisements feature LED signage. These are
the equivalent of mobile "off-premise" ads in that they advertise a product or service that
has nothing to do with the vehicle displaying the ad.
For example, as part of its "Prepare Bay Area," earthquake preparedness campaign, the
(San Francisco) Bay Area Chapter of the American Red Cross faced a truck with a twosided artist's rendering of what downtown San Francisco might look like after the next
earthquake. The truck drove around the city to attract attention, then parked at a location
where the billboard lined up perfectly with the existing streetscape, as shown in Figures
9aand 9b.
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Figure 9a. A mobile billboard from the (San Francisco) Bay Area Chapter of the
American Red Cross parked in front of a building, depicting what might happen to that
building after an earthquake.

Figure 9b. The same mobile billboard shown in Figure 8a looking in the opposite
direction.
In the past few years, a number of products have become available that take advantage of
the latest technologies to incorporate LED billboards onto the sides and rear of
commercial trucks. In many cases, the sole purpose of such vehicles is to serve as a
rolling advertisement; in others, the truck may display advertising while in transit, then
park at a specific location to use its large-screen display in support of a concert, sporting
event, parade, or other special function. In the latest advances, these signs can be raised
electrically or hydraulically above the roof level of the truck; in some cases they can also
rotate 360°. One company, named GoVision, advertises that its vehicles can display full
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motion video while in moving traffic. Indeed, news reports indicate that this occurred
recently in Boston. On its website (www.govision.com) the company describes two
products, a 40 ft trailer with a 9 ft high by 16 ft wide LED screen, and a 48 ft trailer
equipped with a 627 sq ft, high definition video (720p resolution) wide LED screen. 17
The smaller vehicle, with its LED screen blank, is shown in Figure 10.
Describing this "moving television" product, the company suggests these uses:
Get stuck in morning traffic playing a breakfast products commercial
Drive around a sporting event's traffic promoting the new high powered SUV
Add GoBig to your Xmas parade playing the latest holiday movie clips

Figure 10. A 40ft trailer with an integral LED video screen measuring 9x16 ft. The
screen shows full motion video while the truck is moving in traffic, and can be raised to a
height of 25 ft for viewing while parked.
In other, less dramatic examples, several urban and suburban commuter bus and rail
systems have begun to integrate digital billboards onto the sides of their vehicles. Figure
11 shows an urban transit bus displaying a digital advertisement.

17

A standard size highway billboard, conventional or digital, measures 672 sq ft.
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Figure 11. An urban transit bus displaying an LED billboard in traffic.
Although we are unaware of any research that has been conducted to evaluate these
mobile display units, it would seem that the potential for driver distraction from the use
of this technology within the traffic stream is quite high, not only because the changeable
(and video) signs are in physical motion, but also because the presence of the advertising
signage at extremely close lateral distances may require an extreme eye and/or head
movement for the sign to be seen. 18
As discussed earlier in this report, several jurisdictions have recognized or anticipated the
risk of vehicle-based advertising, and have imposed restrictions on its use. In some cases,
these controls are also directed at such vehicles when they are in operation while parked
adjacent to roads visible to passing drivers within the jurisdiction's control. See, for
example, the ordinances of St. Johns County, Florida, and Tucson, Arizona, discussed in
Section 5.

18

It is noted that digital display technology using LEDs is also being marketed to the general public as a
mechanism both for 1'personalizing" a vehicle, or for ''marketing," "while providing automobile owners
with an opportunity to profit from driving their vehicle." (See, for example, LED Wheels, 2004). Although
there is clear potential for driver distraction from such vehicle-mounted digital imagery, it is beyond the
scope of this project to determine whether such applications would constitute commercial advertising and
thus be subject to the controls in place in certain jurisdictions and which may be considered for adoption in
others.
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"Personalized" And Interactive Billboards.
Interactive billboards, those that permit, support, or encourage personalized
communications with the driver in real-time, have begun to appear on US roads, although
this technology seems to be more progressing more quickly in Europe. Made possible by
newer and ever more sophisticated technologies include cellular phones, text messaging,
RFID, infra-red cameras, and others, these DBBs may take several different forms. These
are briefly discussed below.
a. Signs that convey a personal greeting to the driver.
The popular Mini Cooper automobile, owned by BMW Corporation, has
introduced a series of billboards in major US cities that display a static image of the
automobile, along with a one line digital display that is normally blank. However, if the
owner of a Mini Cooper has "opted in" by expressing an interest in the program, the
sign's digital display will present a "personal greeting" to the approaching driver. Figure
12 illustrates one of these billboards in use in New York City.

Figure 12. Personalized Mini Cooper billboard.
b. Signs that interact with the driver in real time.
In Paris, a trial has begun in which cell phone users who have agreed to
participate will receive phone calls from billboards (Christensen, 2006; Crampton, 2006).
These calls will offer additional product information, promotions, etc., that are keyed to
the users' location-enabled cell phones. The enabling technology was originally
developed by the French National Institute for Research in Computer Science and
Control to provide assistance to disabled people. According to the outdoor advertising
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company that is running the project: "With this project, we are really starting to create the
personalized digital city ... We eventually will see a rich dialogue running between
mobile phone and what are now uncommunicative objects."
In Belgium, as a driver approaches the digital billboard shown in Figure 13 the
sign displays a series of codes. The driver chooses one, and sends a text message to an
indicated number. The billboard responds by sending a return message containing a
question. The driver then texts his answer to the question. The answer, in turn, triggers
the DBB to respond like a pinball machine. A correct answer causes the sign to light up,
and the driver is entered into a drawing (in this case, for the pictured car); a wrong
answer causes the sign to "tilt"
·

Figure 13. Interactive billboard in Belgium. See text for details of the sign's operation.
c. Signs that unobtrusively obtain information from drivers and vehicles.
Adjacent to an exit ramp along US 99 in Turlock, California, a "smart" 20 ft by
30ft high-definition DBB (Figure 14) monitors the passive "local oscillator" signals
emitted by the FM radios of passing vehicles. These signals reflect the frequencies to
which the radios are tuned. The system compiles the statistical data, merges it with a
media audit database that contains detailed consumer demographic and purchasing
pattern information coded by radio station format, and enables the sign to post ads
targeted to that demographic. "Smart Signs could inform passing motorists about special
offers to shoppers as they approach stores or malls. A Smart Sign could entice consumers
to respond via text message to a question posed.by the sign. Information can even be
pulled off the internet and displayed" (Christensen, 2007).
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Many digital billboards have been equipped with video cameras that can record
approaching traffic. A recent service aimed at the outdoor advertising industry permits an
inconspicuous billboard-mounted camera, supplemented with an infra-red surround
lighting device, to record the eye-movements of drivers approaching the sign (Skeen,
2007). Although this service is currently offered as a means to demonstrate to sign
owners the amount of driver attention being given to their sign and its specific messages,
it is a small technological step to combine these eye movement recordings with other
demographic or personal information to target personalized messages or provide other
"services."

DBB Hacking.
One concern about DBBs, unlike any other in this report, is the potential for
computer "hackers" to break into the control or communications system for these
displays and change the messages and images displayed. For many years, loosely
organized groups like the Billboard Liberation Front have made commercial billboards
their targets for mischief. The type of technology that wirelessly controls DBBs has
proven vulnerable to such vandalism, although reports of such hacking have been
disputed.
Related technologies, such as those used for official portable changeable message signs
(PCMS) have been successfully hacked in different jurisdictions on several occasions.
Just before this report was finalized, the popular news media reported on a series of such
hacks at a construction zone in Austin, Texas (Miller, 2009). Figure 15 shows one PCMS
that was affected by this activity. At the same time, several websites published detailed
instructions on how to perform such hacks (see, for example, Wojdyla, 2009). Although
this latest example of vandals hacking into digital signs was quickly fixed by the sign
manufacturer, the fact remains that roadside digital control technology is susceptible to
being taken over by criminals or pranksters intent on changing the messages and images
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displayed on the signs for their own amusement, political or social purposes, or for other
reasons. DBB owners and operators should be alert to these challenges, and should
design, develop and implement corrective actions. Government agencies responsible for
the regulation and oversight of such signs should ensure that any potential vulnerabilities
are protected against.

Figure 15. A portable changeable message sign (PCMS) that was "hacked."
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SECTION 9.
SUMMARY AND CONCLUSIONS

This project has focused on three overlapping pillars of support in its effort to
develop suggested guidelines for the control ofDBBs: (a) human factors practices and
principles; (b) guidelines and regulations currently in place in the US and abroad; and (c)
the research literature.
Human factors principles have been developed over many years through empirical
research, and have seen applications in practice regarding road safety throughout the
developed world. Such principles and practices are codified in standards such as the
MUTCD and SARTSM, to name but two, which were reviewed for this report. The
wisdom of such human factors practices and principles is tested daily on streets and
highways, and they are constantly being modified or supplemented when a "better
mousetrap" is developed through research (recent examples include the development and
implementation of the Clearview font for road signs, and the growing use of wider
pavement markings to accommodate our ageing driver population).
And, in the guidelines and regulations that we reviewed, it was rewarding to learn that
many of them, too, come from a solid research base. Examples of these empirically
grounded guidelines include those in South Africa, Queensland, Australia, and The
Netherlands (currently under development). Of course, some guidelines and regulations,
even though based on sound research, either don't get enforced, or don't make it out of
the draft stage. Thus, one of our goals has been to seek out the best supported and most
practical guidelines that have been promulgated, review them base.d on their grounding in
research and/or sound human factors practice, and hold them out as candidates that might
serve as models for others to consider.
Our comprehensive and critical review of the literature focused on studies undertaken
since the FHWA report of2001, with the addition of several earlier studies that were
included because of their relevance and because they were not previously given in-depth
consideration in this context. As required by the program Statement of Work, we also
separately reviewed research undertaken by or on behalf of the outdoor advertising
industry.
Unfortunately, this issue is enormously difficult to study. This is because every billboard,
road, and driver is different. A study evaluating a four-second message display interval
might obtain quite different results from one using eight-seconds. A study in daylight will
almost certainly find different driver responses than the identical study conducted at
night. And a study conducted with free-flowing traffic may have a different outcome than
one that examines the same road and the same billboard when traffic demands are
greater. In addition, the key selling point ofDBBs is that they can change messages every
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few seconds, and it is technically possible for them not to repeat the same message during
a several hour cycle. Thus, studying such billboards in situ confronts the researcher with
the added problem that it may be difficult to compare the experiences of any two (or
more) drivers as they pass the DBBs under study for the simple reason that these drivers
will, in all likelihood, experience signs with different content, different brightness levels,
different graphics, and different font styles and sizes. This suggests that laboratory
studies, despite what we believe to be important limitations, may permit better control
over these inherent sign design and operational variables. Another alternative, not yet
attempted with DBBs to our knowledge, involves a cooperative effort between researcher
and sign operator in a field setting, so that the many relevant variables can be controlled
and systematically presented to drivers, thus maintaining the validity of the field setting
with some of the experimental control more commonly available only in the laboratory.
Nonetheless, it is difficult if not impossible to design and conduct a research study whose
results can be applied with confidence to DBBs as a whole.
In the recently published FHWA study, Molino and his colleagues (2009)
comprehensively assessed the strengths and weaknesses of different research methods
that might be applied to this challenge. When combined with the daunting number of
DBB-related factors 19 (and levels within each factor), as well as the many measures that
might be addressed to provide a complete answer to this research question, we believe
that it is unlikely that any agency, private organization, or public-private partnership will
have the resources available in the foreseeable future to undertake such a study. At best,
future studies may be able to answer questions such as:
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A subset of the number ofDBB-related factors that must be studied to fully answer
questions about DBBs and traffic safety.
Message change interval
Duration of message change
Sign luminance at night
Sign dimensions
Distance ofDBB to traveled lanes
Angle of sign orientation to the approaching driver
Proximity ofDBB to official signs, or on-premise advertising signs
Number and width oflanes of travel
Roadway geometry -vertical and horizontal curvature
Speed limits and prevailing speeds
Traffic volume
Traffic mix (e.g. percentage oflarge trucks, buses)
Proximity ofDBB to exit or entrance ramps, gores, lane drops, route divides
Familiarity of the motorist with the roadway
Weather conditions
Environment in which DBB is located (e.g. urban, suburban, rural)
Amount of information presented on a DBB
Information presentation (color, contrast, font, etc.).
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Is a DBB that changes its message every eight seconds more distracting than
one whose message is fixed for 60 seconds or longer?
Is a sign of night luminance X more distracting than one of luminance Y?
Do DBBs within certain defined distances of entrance or exit ramps contribute
to more erratic or delayed vehicle movements than DBBs at greater distances?
In short, the issue of the role ofDBBs in traffic safety is extremely complex, and there is
no single research study approach that can provide answers to all of the many questions
that must be raised in looking at this issue. When we recognize that not every study is
designed well or conducted rigorously, or where inappropriate assumptions are made or
questions asked, there should be little wonder why research has not yet been able to fully
"resolve" this issue.
Adding to the challenges of developing empirical answers that will satisfy the criteria for
the development of guidelines or regulations is the fact that DBB technology and
applications are evolving quickly. As costs come down and capabilities increase, new
applications will be found for this technology. What will be the benefit of research that
addresses the distracting effects ofDBBs when on-premise LED signs will soon be
proliferating- signs that may be larger, brighter, closer to the road, and displaying
animation and full-motion video? Regulations promulgated for off-premise DBBs may
seem quaint almost as soon as they are written. Potential research, even now, is years
behind the implementation of the types of signs that are the subject of the research. How
will we address the questions posed by roadside digital advertising that interact with the
driver in real time by sending personalized messages to mobile phones, and requesting
real-time responses by text messaging? And how will (or should) we address issues
raised by digital signs that record potentially personal information about drivers passing
such signs?
These are not questions that can be resolved in this report. There is hopeful news,
however, about progress that has been made in forming and responding to key research
questions. Almost without exception, the research studies discussed in this report have
made dramatic advances in methodological sophistication, statistical power, and control
of extraneous variables compared to those studies discussed in earlier research reviews.
As a result, these more recent studies (primarily those completed within the past ten
years) typically produce results and conclusions that are more reliable and valid than
those of which their predecessors were capable. And, tellingly, the results of the most
recent research are remarkably consistent.
A small number of important research studies, all published (or to be published) within
the past several years, may have opened the door to a solution to the long-standing
question of whether unsafe levels of driver distraction can occur from roadside
billboards. The first, by Horrey and Wickens (2007) demonstrated that when making
decisions that may result in road safety guidelines or regulations, we should be
concerned, not with mean performance but rather with the poorest performances, those in
the "tails" of the distribution. Of course, in many ways highway, traffic, and human
factors engineers have been designing our vehicles and roadways in this manner for many
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years. Human factors professionals speak of designing systems to accommodate the 95th
percentile operator, (e.g. FHWA, 1998), roadway geometric design is often established
based upon 85th percentile speeds (e.g. Schurr, eta!., 2005), the size of!etters on highway
signs and the width of pavement markings are being increased to accommodate the older
driver's deteriorating visual acuity, and even the duration of push-button actuations for
pedestrian crossing signals is now based on research that focuses on the tails of the
distribution (Noyce & Bentzen, 2005). Horrey's and Wickens' arguments were made in
the context of a study that evaluated eyes-off-road time for interacting with in-vehicle
technology, but the implications should be the same for external distracters such as
DBBs, and have been so demonstrated by Chan eta!. (2008).
The second study, a breakthrough known as the I 00 car naturalistic driving study, has
produced a number of separate reports (for example, Klauer, eta!., 2005, Klauer,.et a!.,
2006a, Klauer, eta!., 2006b ). Although "naturalistic" driving studies had been conducted
on a small scale previously, Klauer and her colleagues at Virginia Tech Transportation
Institute (VTTI) were the first to employ this methodology on a large scale. As discussed
earlier in the present paper, these researchers placed 100 highly (but unobtrusively)
instrumented cars in the hands of 100 people and allowed them full use of these vehicles
for 18 months. There were no experimenters present in the vehicles, data was collected
without any interference to the driver and was downloaded remotely, and the participants
were free to drive these vehicles in any way they wished, as if they were their own. One
finding from this work that is of particular interest in our discussion ofDBBs is that a
driver's eyes-off-road time due to external-to-the-vehicle distraction or inattention was
estimated to cause more than 23% of all crashes and near crashes that occurred.
The third study of relevance here (Chan, eta!., 2008), also discussed earlier in the present
report, used a driving simulator to study the tails of the distribution when participants
drove a five mile route while performing a series of in-vehicle and external-to-the-vehicle
distracting tasks. The authors found, as they expected, that younger drivers, when dealing
with the in-vehicle task, took their eyes off the road for a significantly longer time than
did the older drivers (2.76 seconds vs. 1.63 seconds, respectively, when the measure was
the mean length of the maximum episode of continuous inattention). Quite to the
researchers' surprise however, were their findings that: (a) the maximum episode
durations were much longer for the out-of-vehicle tasks than for the in-vehicle tasks, and
(b) that the difference between the older and younger drivers in the out-of-vehicle tasks
was small (pp. 16-17). Specifically, they found that the average maximum duration for
the out-of-vehicle tasks (for all participants) was 3.54 seconds, vs. that for the in-vehicle
tasks of 1.35 seconds, a highly significant difference. The difference in average
maximum duration for out-of-vehicle tasks between the older and younger drivers,
however, was 3.41 vs. 3.67 seconds, an insignificant difference. The authors' conclusion
is that younger and older drivers are "equally bad" in being distracted by external stimuli,
in that neither age/experience group has "learned to limit the durations of their glances
off to the side of the vehicle" (p.22). Finally, even a study sponsored by the outdoor
advertising industry (Lee, McElheny, & Gibbons, 2007), despite an experimental design
that sought to minimize the differences between DBBs and other roadside stimuli, has
produced results showing significantly longer average glance durations to roadside digital

180

signs than to "baseline" sites and to traditional (fixed) billboards, and, the researchers
suggest, all measures of visual glances indicative of driver distraction would prove to be
significantly worse in tbe presence of digital signs if a full study was to be conducted at
night
In short; we have made substantial progress in our understanding of tbe impacts on driver
distraction from external-to-vehicle sources since the late 1990s. We now know that
extended episodes (two seconds or longer) in which a driver's eyes are not attending to
tbe driving task greatly increases (by 3.7 times) the likelihood of a crash (Klauer, et al.,
2006a). Other researchers have suggested tbat the upper limit for an acceptable
distraction episode may be 0.75 second (Beijer, et al., 2004, Smiley, et al., 2005) or 1.6
seconds (Wierwille and Tijerina, 1998). And, as shown both by Beijer (2002) in an onroad study, and by Chan and her colleagues (2008), in a simulator study, there is growing
evidence that billboards can attract and hold a driver's attention for tbe extended periods
of time that we now know to be unsafe. As stated succinctly by Beijer, his findings seem
to show that "drivers are comfortable turning their attention away from the road for a set
period oftime, regardless of the demands of the driving task" (p. 76). And, as Chan, et
al., describe it: "These data ... indicate that it is likely that our out-of-vehicle tasks
(which not only engage attention but also draw tbe eyes and visual attention away from in
front of the vehicle) would have quite significant detrimental effects on processing the
roadway in front of the vehicle" (p.22).
We also have data to show, despite a lack of analysis by tbe researchers, that an on-road
study (Lee, et al., 2007) using an instrumented vehicle found many more such long
glances made to DBBs and similar "comparison sites" consisting of (among other things)
on-premise digital signs, than there were to sites containing traditional, static billboards,
or sites with no obvious visual elements. Indeed, the mean values for these long glance
durations proved to be significantly greater for tbe sites with digital signs than for the
others. From tbe same study, we have evidence expressed by the researchers tbat if we
were to conduct our research at night we would find tbat all measures of eye glance
behavior would demonstrate significantly greater amounts of distraction to digital
advertisements than to fixed billboards or to the natural roadside environment, and that
driver vehicle control behaviors such as lane-keeping and speed maintenance would also
suffer in the presence of these digital signs. Because tbe design of this study minimized
the differences between the characteristics of DBB sites and the others, and did not report
all of the pertinent data collected, it seems reasonable to believe that tbe differences
found might be more pronounced in a more rigorous experiment
When we add the results of these recent, applied research studies, to the earlier theoretical
work by Theeuwes and his colleagues (1998, 1999), in which they demonstrated tbat our
attention and our eye gaze is reflexively drawn to an object of different luminance in the
visual field, that this occurs even when we are engaged in a primary task, and regardless
of whether we have any interest in this irrelevant stimulus, and tbat we may have no
recollection of having been attracted to it, we have a growing, and consistent picture of
the adverse impact of irrelevant, outside-the-vehicle distracters such as DBBs on driver
performance.
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Beyond the issues of research, however, we also face what we might call a "criterion
problem." States and local jurisdictions must ask themselves this question: What level of
knowledge and what degree of certainty must we have before we can be confident in the
issuance of guidelines or regulations about DBBs? For example, must we have
demonstrable proof that DBBs cause crashes? This is the argument raised by the outdoor
advertising industry whenever it challenges a local code or ordinance, or goes to court to
overturn a permit denial. If crash causation is the standard that must be met, we may
never get there. This is not necessarily because DBBs are not a causative factor in
crashes; it is, as most researchers believe, more likely that our research methods are not
sufficiently sensitive to identifY this linkage. This, in tum, is a result of the substantial
difficulties involved in conducting post-hoc statistical analyses of crash summaries for an
issue that is so profoundly complex. When we know that more than 80% of accidents are
not reported to the police, that drivers would not likely admit crashing as a result of such
distraction, and that research has clearly shown that our attention as well as our eyes are
reflexively drawn to objects such as DBBs even when we have no interest in them and
have a more important task to perform, and that we may well be unaware of attending to
them at all, it is little wonder that such epidemiological studies may simply be incapable
of adding to our knowledge of the traffic safety impacts ofDBBs.
Then again, we have rarely required proof of actual crash causation prior to setting speed
limits, restricting in-vehicle mobile telephone use, or even developing current billboard
operational and location restrictions. The argument against the control ofDBBs because
studies to date have not proven a cause and effect relationship between DBBs and crashes
is simply spurious. It would seem sufficient to initiate action based on a level of
consistency achieved in research. And such consistency is now being achieved.
It is likely that those who feel that no guidance or regulations can be promulgated until
we have clear proof of causality will continue to argue that there is insufficient
information to take any action in this regard regarding roadside DBBs. But those who
think that their job is to do what they can to enhance safety for the traveling public based
upon the best available information, now have, in our opinion, access to a strong and
growing body of evidence, including evidence from industry supported research, that
roadside digital advertising, attract drivers' eyes away from the road for extended,
demonstrably unsafe periods of time.
States and local jurisdictions faced with permit applications or challenges to denied
permits need to have a sound basis for their decisions. The research underway by FHWA
as this is written may begin to provide specific, directed answers to assist these officials
in their work. In the interim, these governmental agencies and toll road operators, faced
with the need to make such decisions now have, in our opinion, a sufficient and sound
basis for doing so.
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AN UPDATE OF
A STUDY OF THE RELATIONSHIP
BETWEEN DIGITAL BILLBOARDS
AND TRAFFIC SAFETY
IN CUYAHOGA COUNTY, OHIO

Key points:
a

Eight years of accident data comparison

•

Seven digital boards on Interstate Routes with eight second
dwell times

•

Data shows no statistically significant increase in accident rates

•

Driver Age (young/elderly) is a neutral factor

•

Time of day (daytime/nighttime) is a neutral factor

Figure 1.
Digital Billboard locations in Cuyahoga County, Ohio and
within the City of Cleveland

OVERVIEW
This 2009 study is an update of our 2007 study of the statistical relationship between
digital billboards and traffic safety in Cuyahoga County, Ohio. This study revisits the
same seven digital billboards in Ohio for longer periods of time and looks more closely
at comparisons of specific attributes within accident reports 1 including comparisons of

driver age (young/elderly) and time of day (daytime/nighttime).
This 2009 study examines and compares eight years of traffic accident data near seven

digital billboards in Ohio. This eight-year comparison more than doubles the three-year
study period in 2007. This study analyzed traffic and accident data along Interstate
Routes 1-77, 1-90, 1-271, and 1-480 and near seven existing, digital billboards (see
Figure 1). The seven billboards have eight-second dwell times, were converted to digital
from conventional format in July 2005 and collectively have traffic volumes as much as

335 million vehicles per year. The study uses official data as collected, compiled and
recorded independently by the Ohio Department ofTransportation. Over eight years,
this accident data represents approximately 46,000 accidents on Interstate Routes

within the County and 360,000 accidents on all roads within the County.
Temporal (when and haw frequently) and spatial (where and haw far) statistics were
summarized near billboards within multiple vicinity ranges within 0.2, 0.4, 0.6 1 0.8, and

1.0 miles upstream and downstream of the billboards.
The overall conclusion of this study is that digital billboards in Cuyahoga County have
no statistically significant relationship with the occurrence of accidents.
This study reinforces the findings of our original study for longer periods of time with a

robust eight years of data. This study also finds that the age of drivers
(younger/elderly) and the time of day {daytime/nighttime) are neutral factors which
show no increase in accident rates near the digital billboards in Cuyahoga County.
This conclusion is based on the Ohio Department of Transportation's own data and an
objective statistical analysis; the data shows no increase in accident rates.

STUDY REGION
Cuyahoga County was revisited as a study region, because the County has multiple
digital billboards in close proximity which were in service for extended periods of time
(five percent of the Interstate billboards in Cuyahoga County are digital), and the
Interstate Routes adjacent to these billboards are heavily traveled with approximately
12.6 million vehicle-miles traveled per

day on these Interstate Routes.
Cuyahoga County is the most populous
County in Ohio with 1.4 million people,
with a population density of 3,040
people per land-square-mile, and with a
median age of 37. The County is south
of Lake Erie, and is contiguous with six

other counties in Ohio.

Cuyahoga County's seat is the City of
Cleveland, and is part of the Greater
Cleveland metropolitan area.
Cuyahoga County has 571,000
households with an average household
size of 2.39 people. In Cuyahoga
County, approximately 623,000 workers
commute, with a mean travel time of
24.4 minutes.
Cuyahoga County is served by three
primary (two-digit) Interstate Routes

Figure 2.
Digital Billboard locations in Cuyahoga County, Ohio

(1-71, 1-77, and 1-90) and three (three-digit)
auxiliary Interstate Routes (1-271, 1-480, and 1-490). Cuyahoga County's transportation

infrastructure serves 1.2-mi!lion registered, motor vehicles of which 82% are passenger

vehicles. The County has 132.07 Interstate-highway miles, 18.90 turnpike miles, 107.21
U.S.-highway miles and 232.56 State-highway miles. In 2005, the estimated daily vehicle
miles traveled (DVMT) was 28.3 million, of which 12.6 million (44.5%) was on Interstate
Routes. In 2005, the number of reported traffic accidents was 37,039, of which 5,400
(14.6%) were on Interstate Routes.

BILLBOARD CHARACTERISTICS
Digital billboards display static messages which, when viewed, resemble conventional

painted or printed billboards. With digital technology, a static copy "dwells" and
includes no animation, flashing lights, scrolling, or full-motion video. The static display
on each of these digital billboards has a "dwell time" of eight seconds.

The digital billboards were designed and manufactured by Daktranics, and use red,
green, and blue light-emitting-diode (LED) technology to present text and graphics. The
digital billboards compensate for varying light levels, including day and night viewing, by
automatically monitoring and adjusting overall display brightness levels. A photocell is
mounted on each digital billboard to measure ambient light. All seven digital billboards
are owned and operated by Clear Channel Outdoor.
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Figure 3.
Digital Billboard locations, configuration, sizes and other characteristics

Each of the seven digital billboards is a freestanding, single-pole, double-faced structure
with one digital face that measures 14-feet high and 48-feet wide (a face area of 672
square feet). The digital billboards are numbered 1 to 7 and are located along major
Interstate Routes (1-77, 1-90, 1-271, and 1-480). The locations of the seven billboards in

Cuyahoga County are shown in Figures 2 and 3 which summarize location,
configurations, sizes and other characteristics. These are the only digital billboards in
Cuyahoga County. The digital billboards and their surroundings were observed during
day and night conditions.

Figure 4 summarizes conversion dates and compares the timelines of comparison of the
2007 study (three-year period) with this study (eight-year period). The billboards were
converted from conventional to digital format in July 2005. This allows for before/after
comparisons in excess of eight years individually with a cumulative of 56 years.
Additional billboard-location photos, aerials, and map references for each billboard
number are included within this report.

2007Study:
J F M A M J J A S 0 N D J F MA M J J A S 0 N D

conversion from
conventional to digital

2009Study:

conversion from
conventional to digital
Figure 4.

Digital Billboard Conversion Dates and period of study in 2007 study
compared with this 2009 study

F MA M J J A S 0 N D

Figure 5 summarizes characteristics of the digital billboards and the Interstate Routes to
which they advertise. This includes the Route's lanes and geometry and the billboard's
overall height, hag!, distance to nearest advertising and opposite lanes.
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Figure 5.
Interstate Route Characteristics near digital billboards including number of lanes, widths1 sign height,
height above grade line, and distances to lanes

Billboard No. 1 advertises to traffic on the
southbound lanes of Interstate Route 271
south of the Solon Road overpass. The
digital face is a right-hand reader and a vee,
flag configuration with an overall height of
66 feet and an offset distance of 85 feet to
the nearest lane to which it advertises.

Figure 6 is a photo of the digital face. Figure
9 shows the location in an oblique aeriaL
The digital face was converted from a
conventional face on the existing structure in

July 2005.

Figure 6. Digital Billboard 1 on 1-271
Billboard No.2 advertises to traffic on the
westbound lanes of Interstate Route 480
about two miles east of 1-271. The digital face
is a left-hand cross-reader and has a parallelfaced configuration with an overall height of
50± feet and an offset distance of 178.7 feet
to the nearest lane to which it advertises.
Figure 7 is a photo of the digital face. Figure
10 shows the location in an oblique aerial.
The digital face was converted from a

conventional face on the existing structure in

July 2005.

Figure 7. Digital Billboard 2 on 1-480
Billboard No.3 advertises to traffic on the
eastbound lanes of Interstate Route 90, east of
West 3rd Street. The digital face is a righthand reader and has a parallel-faced
configuration with an overall height of 180±
feet and an offset distance of 55.4 feet to the
nearest lane to which it advertises. Figure 8 is
a photo of the digital face. Figure 11 shows
the location in an oblique aerial. The digital
face was converted from a conventional face

on the existing structure in July 2005.

Figure 9. Oblique Aerial of Digital Billboard 1 on 1-271

Figure 10. Oblique Aerial of Digital Billboard 2 on 1-480

Figure 11. Oblique Aerial of Digital Billboard 3 on 1-90

Billboard No.4 advertises to the traffic on
southbound lanes of Interstate Route 77, south

of Pershing Avenue. The digital face is a righthand reader and has a parallel-faced
configuration with an overall height of 83± feet
and an offset distance of 80.4 feet to the
nearest lane to which it advertises. Figure 12 is
a photo of the digital face. Figure 14 shows the
location in an oblique aerial. The digital face
was converted from a conventional face on the
existing structure in July 2005.

Figure 12. Digital Billboard 4 on 1-77

Billboard No.5 advertises to traffic on the
eastbound lanes of Interstate Route 90, east of
West 55th Street. The digital face is a righthand reader and has a vee, flag configuration
with an overall height of 115± feet and an
offset distance of 144.4 feet to the nearest
lane to which it advertises. Figure 13 is a
photo of the digital face. Figure 15 shows the
location in an oblique aerial. The digital face
was converted from a conventional face on the

existing structure in July 2005.

Figure 13. Digital Billboard 5 on 1-90

Figure 14. Oblique Aerial of Digital Billboard 4 on 1-77

Figure 15. Oblique Aerial of Digital Billboard 5 on 1-90

Billboard No.6 advertises to traffic on the
westbound lanes of Interstate Route 90, west of
Eddy Street. The digital face is a left-hand crossreader and has a vee, flag configuration with an
overall height of 65± feet and an offset distance
of 195.6 feet to the nearest lane to which it
advertises. Figure 16 is a photo of the digital
face. Figure 18 shows the location in an oblique

aerial. The digital face was converted from a
conventional face on the existing structure in

July 2005.

Figure 16. Digital Billboard 6 on 1-90

Billboard No.7 advertises to. traffic on the
westbound lanes of Interstate Route 4801 east of
Broadway Avenue (Route 14). The digital face is a
right-hand reader and has a vee, flag

configuration with an overall height of 87± feet
and an offset distance of 174.6 feet to the
nearest lane to which it advertises. Figure 17 is a

photo of the digital face. Figure 19 shows the
location in an oblique aeriaL The digital face was

converted from a conventional face on the

existing structure in July 2005.

Figure 17. Digital Billboard 7 on 1-480

Figure 18. Oblique Aerial of Digital Billboard 6 on 1-90

Figure 19. Oblique Aerial of Digital Billboard 7 on 1-480

TRAFFIC VOLUME DATA
Traffic volume data for the Cuyahoga County was obtained from the Ohio Department

of Transportation (ODOT) and the County Engineer's Office. Traffic-monitoring data
includes vehicle volume, vehicle classification, and weigh-in-motion data. The metrics of
traffic flow provided by ODOT include short-term (hourly) traffic counts, annual average
daily traffic (AADT), and daily vehicle miles traveled (DVMT). This includes the annual
average daily traffic (AADT), which is the average of 24-hour counts collected every day
in the year. AADT Traffic volumes were recorded in Cuyahoga County between 2000
and 2009.
A sample of the AADT values is summarized in Figure 20. AADT ranges individually near
the seven billboards from 118,000 to 160,000 vehicles per day, or equivalently 43 to 58

million vehicles per year.
For all seven billboards,
this collectively
represents 915 thousand

Interstate Route by AADT

vehicles per day or 335

(values labeled)

million vehicles per year.

; ; Interstate 90

\11!1! HighAADT

ACCIDENT DATA
In Ohio, the majority of Interstate accident reports and crash photos are investigated,

recorded, and maintained by the Ohio State Highway Patrol. Ohio uses the American
National Standards Institute's (ANSI) Standard D16.1-1996, Manual on Classification of
Motor Vehicle Traffic Accidents. The reports also provide annually to the Ohio
Department of Public Safety, which compiles statistical data on crashes that occur on
roads and highways.
Figure 21 summarizes the traffic accident data of the past eight years in Cuyahoga
County on the Interstate Routes 1-71, 1-77 and 1-90, 1-271, 1-480, and 1-490.

Figure 21. Traffic Accidents (yellow dots) in Cuyahoga County

along Interstate Routes, 2001-2009

Figure 22 summarizes the traffic accident data of the past eight years in Cuyahoga
Cour1ty and shows the distribution of accidents by year1 month, day of week and time of
day. This represents a consistent pattern of data and illustrates that more accidents
occur on weekdaYs and at rush hour (before and after work), during winter months, and
during weekdays.
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Figure 22. Histogram of traffic accident data of the past eight years in Cuyahoga County for all roads
by (A) year, (B) month, (C) day of week and (D) time of day. Note that these figures and related data
represent data from 2001 to 2009 and accident reports in 2009 were only available for January to July.
This is reflected in Figure 22(A) in the 2009 bar.
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The Possible Effects of Commercial Electronic Variable
Message Signs (CEVMS) on Driving Safety- Phase 1
7 .o Conclusions
The present report reviews the possible safety effects of CEVMS. The report consists
of an update of earlier published work, an investigation of applicable research
methods and techniques, recommendations for future research, and an extensive
reference list and bibliography. The literature review update covers recent post-hoc
crash studies, field investigations, laboratory investigations, previous literature
reviews, and reviews of practice. The conclusion of the literature review is that the
current body of knowledge represents an inconclusive scientific result with regard to
demonstrating detrimental driver safety effects due to CEVMS exposure. This
outcome points toward the importance of conducting carefully controlled and
methodologically sound future research on the issue.
The present report also analyzes the key factors or independent variables affecting a
driver's response to CEVMS and the key measures or dependent variables which
serve as indicators of driver safety. These key factors and measures are selected,
combined, and integrated into a set of optimal research strategies. Based on these
strategies, as well as on lessons learned from the literature review update, a
proposed long-term program of research has been developed to address the
problem. This research program consists of three stages, which include
determination of distraction, basis for possible regulation, and relationship of
distraction to crashes.
The present report only addresses the first stage of the proposed research program
in detail. For this first stage, three candidate studies, which are an on-road
instrumented vehicle study, a naturalistic driving study, and an unobtrusive
observation study, have been introduced and compared. An analysis of the relative
advantages and disadvantages of each study indicate that the on-road instrumented
vehicle study is the best choice as the recommended first stage in answering the
basic research question.
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Itai Kloog/•4 Boris A. Portnov/ Hedy S. Rennert? and Abraham Haim3
1Department of Natural Resources and Environmental Management, Graduate School of Management,
University of Haifa, Haifa, Israel
2Department of Community Medicine and Epidemiology, Carmel Medical Center and Bruce Rappaport Faculty
of Medicine, Technion-Israel Institute of Technology and Clalit Health Services National Cancer Control Center,
Haifa, Israel
3The Israeli Center for Interdisciplinary Research in Chronobiology, University of Haifa, Haifa, Israel
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Address correspondence to: Prof. Abraham Haim, The Israeli Center for Interdisciplinary Research in
Chronobiology, University of Haifa, Mount Carmel, Haifa, Israel 31905. Tel.: 972-4-8288784; E-mail:
ahaim@research .haifa.ac.il

Due to its disruptive effects on circadian rhythms and sleep deprivation at night, shiftworking is currently
recognized as a risk factor for breast cancer (BC). As revealed by the present analysis based on a comparative
case-control study of 1679 women, exposure to light-at-night (LAN) in the "sleeping habitat" is significantly
associated with BC risk (odds ratio [OR]= 1.220, 95% confidence interval [CI] = 1.118-1.311; p < .001),
controlling for education, ethnicity, fertility, and alcohol consumption. The novelty of the present research is that,
to the best of the authors' knowledge, it is the first study to have identified an unequivocal positive association
between bedroom-light intensity and BC risk. Thus, according to the results of the present study, not only should
artificial light exposure in the working environment be considered as a potential risk factor for BC, but also LAN
in the "sleeping habitat." (Author correspondence: ahaim@research.haifa.ac.il)

Keywords
Breast cancer, Circadian disruption, Light-at-night, Light pollution, Sleeping habitat
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CEQA Narrat ive: ENV 2009-0009-CE
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) NARRATIVE:
CALIFORNIA ENVIR ONME NTAL QUAL ITY ACT (CEQA
ENV 2009- 0009- CE
PROJECT DESCRIPTION

I.

12.07, 12.08, 12.10. S, 12.11. 5, 12.21, 12.21. 1,
A propo sed ordina nce amend ing Sectio ns, 12.05, 12.06,
I and Sectio n 91.621 6 of Chapt er IX of the Los
12.221 12.23, 12.32, 13.11, 19.01, Article 4.4 of Chapt er
ishme nt of sign distric ts; create new relief
Angel es Municipal Code to enact new criteri a for the establ
establ ish admin istrati ve civil penalt ies for
provis ions for certain deviat ions from the sign regula tions;
cal correc tions and other measu res to contro l
violati ons of the sign regula tions; and enact relate d techni
enviro nment .
the potent ial impac ts of signs on traffic safety and the visual
II.

PROPOSED ORDINANCE

tions. The major chang es propo sed by the
The propo sed ordina nce amend s the citywi de sign regula
s, and other requir ement s to establ ish a Sign
ordina nce are the tighten ing of eligibility criteri a, finding
digital displays; and increa sed penalt ies for
District; the introd uction of regula tory standa rds for
the propo sed ordina nce is below , follow ed by a
violati ons of the sign regula tions. A brief backg round on
ordina nce.
more specifi c invent ory of the propo sed provis ions of the
Backg round
In 2002, the City enacte d citywi de bans on offThe City's sign regula tions were initially enacte d in 1986.
create d a new regula tory tool, Sign Districts,
site signs, superg raphic signs and mural signs, and also
where the requir ement s of a Sign District
which could allow excep tions to the bans in specif ic areas
ercial or indust rial, or RS in downt own); size
could be met. These requir ement s includ ed zoning (comm
ement al Use Districts. Excep tions were also
(1 block or 3 acres) ; and the requir ed findin gs of Suppl
a specific plan, supple menta l use distric t,
allowe d for signs specifically permi tted pursu ant to
develo pment agree ment or reloca tion agreem ent.
ic Inspec tion Progra m (OSSPIP}. to enable the
Also in 2002, the city adopt ed the Off-Site Sign Period
fee to all off-sit e sign owner s to inspec t and
Depar tment of Building and Safety (DBS) to charge a
nies sued. The case was ultima tely resolv ed
invent ory all the off-sit e signs in the city. Severa l sign compa
in the conve rsion of more than 100 existing
throug h a 2006 settle ment agreem ent, which result ed
ment agree ment was later invalid ated by the
billbo ards throug hout the city to digital displa ys. The settle
courts and curren tly still remain s in litigati on.
challe nging the consti tution ality of its sign bans
At this time, the City was dealin g with multip le lawsui ts
tution al challe nges were on the groun ds that
as well as other aspect s of the sign regula tions. The consti
d for Sign Districts to be locate d almos t
the City's loose eligibility standa rds and findin gs allowe
judgm ents that could infring e upon applic ants'
anywh ere, with their approv al vulner able to subjec tive
First Amen dment (free speech ) rights.
issues raised by the lawsui ts led to a call for
Comm unity oppos ition to the digital conve rsions , and the
Planni ng Depar tment propo sed compr ehens ive
revisio ns to the citywi de sign regula tions in 2008. The
in severa l releva nt lawsui ts agains t the City.
revisio ns that were later put on hold pendin g the rulings
nge to the City's sign bans and to compl etely
Finally, in 2010, the City prevai led in the last major challe
1

