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ABSTRACT
There has been a range of predictions about the effects that shared autonomous vehicle taxi 

services may have on fixed-route transit, from complementing it with first and last mile services to 
eliminating the need for it. This paper describes a methodology to evaluate the viability of 
fixed-route transit services following the introduction of shared autonomous vehicle (SAV) 
services at various price points and performance levels.

The methodology evaluates individual routes by time period throughout the week, 
identifying both broad geographic patterns (e.g. urban vs. suburban, cross-town vs. radial) and fine 
grained temporal opportunities (e.g. weekday peak vs. evenings and weekends) for operators to 
potentially reallocate resources between traditional and emerging services. Initial results will be 
presented for several real-world services from four perspectives:

• Society - Would society be better off if the bus route were replaced by SAVs?
• Agency - Could the resources spent on the bus route be better used elsewhere in the 

system?
• Taxpayer - Would it be cheaper to pay every bus rider’s SAV fare?
• Customer - Would I be better off by taking the SAV for my trip instead of the bus?

The initial results will be used to inform some basic policy questions:
• What might be the role of fixed-route transit be in the future?
• How might SAVs affect the demand for fixed-route transit?
• Where might SAVs provide more value than fixed-route transit, especially as fares 

decline?
• Where might it make sense to replace a fixed-route transit service with SAVs?

Keywords: Shared Autonomous Vehicle, Driverless Taxi, Fixed Route Transit



Kopp, Huff, Sherman, and Walker

BACKGROUND

2 The Rise of Transportation Network Companies
3 New technologies and services are beginning to disrupt traditional approaches to urban mobility.
4 Transportation network companies (TNCs), such as Uber and Lyft, now allow people to move around cities
5 at lower cost than traditional taxi services. Though TNCs originally began as an alternative to the taxi, new
6 mobility services, such as UberPool and Lyft Line, allow users the option to share a ride for an even lower
7 fare, similar to many taxi pricing strategies. Today’s broader spectrum of transportation options (Figure 1)
8 is blurring the line between taxi and transit.
9 Microtransit services, such as Bridj and Via, take this concept one step further using larger vehicles. 

10 Routes and stops are determined by customer requests. Like other TNC services, customers first request a
1 1 Jo +1-» rt Tv* tF *-v> o Fr»li ozl itzi bln rvf Vi ore FtO's yzil Imo in a oitwilat* /i ll’#^rvFt rvt1 tltln
1 i UliWULii <X l5XJ-1C41 VL'XXXXXX**' <XlJ\J•. L/U-t ax v uivi i nxiuv'j.iwu rvim vvuvxo uurviunji m Ommux wnuii uni*

12 directed to a nearby pick-up point.

13 FIGURE 1: Today's mobility spectrum
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15 As TNCs become an increasingly popular choice for urban mobility and expand to more markets,
16 the traditional model of fixed-route transit is being challenged on cost and convenience. While taxis,
17 vanpools, and jitneys have operated in cities for years, the use of technology makes TNCs easier to use,
18 more convenient, more affordable, and potentially more attractive to customers. The near universal
19 adoption of smartphones makes hailing a ride easy for a growing majority of travelers. Instead of being
20 constrained to a fixed schedule and route, TNCs offer on-demand transportation directly to a customer’s
21 destination. Once limited to a few major markets, TNCs have penetrated most major urban areas and
22 continue expanding.1

23 Transit and TNCs
24 Transit agencies are recognizing the potential benefits of TNCs. The American Public
25 Transportation Association found that TNCs currently complement transit by acting as feeder services to
26 fixed routes.2 Agencies are now exploring TNC partnerships, including:
27 • Altamonte Springs, Florida - The central Florida city partnered with Uber to subsidize
28 rides beginning and ending in the city.3 The partnership was developed as a lower-cost
29 alternative to a proposed demand-responsive flex-route bus service. By providing an
30 alternative to park-and-ride for “first and last mile” connections, the program also aims to
31 encourage ridership on SunRail, a commuter rail line to nearby Orlando.
32 • Kansas City Area Transit Authority (KCATA) - In Kansas City, Missouri, KCATA
33 partnered with Bridj in a one-year pilot program that will allow KCATA to evaluate how
34 microtransit users interact with the transit system.4 During the program, KCATA drivers
35 will operate Bridj vans, and customers will request and pay for rides through the Bridj app.
36 • Pinellas Suncoast Transit Authority (PSTA) - In Pinellas County, Florida, PSTA
37 partnered with Uber and United Taxi to offer free overnight (9 p.m. to 6 a.m.) rides to
38 eligible low-income customers.5 The program is aimed at helping workers travel to and
39 from service-sector jobs, many of which end or begin when transit does not operate. PSTA
40 is serving as the central coordinator and dispatcher of these on-call services. As an
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alternative to requesting a ride through a smartphone app, which is often cited as a barrier 
to TNC services for individuals who do not have access to a smartphone, riders may call a 
dispatch telephone number.

The Promise of Autonomous Vehicles
Concurrent with the rise of TNCs is the development of autonomous vehicles (AVs), otherwise 

known as driverless cars. AVs are expected to begin operating on public streets in the coming years. Experts 
acknowledge that AVs have the potential to significantly increase overall vehicle miles traveled (VMT) in a 
number of ways. These include:

• Altering travel behavior by removing the inconvenience of driving and thus encouraging 
more personal trips by automobile,

• Encouraging further sprawl away from city centers by allowing commuters to make better 
use of the time spent traveling, and

• Increasing congestion by introducing additional empty vehicles shuttling to parking 
facilities or in between passenger pick-ups.
On the other hand, AVs have the potential to positively transform cities. Specifically, AVs can:

• Reduce parking requirements needed to store personal automobiles, thus freeing up 
right-of-way and land for more productive uses,

• Reduce the right-of-way required to move the same amount of traffic, allowing limited 
street widths to be given to other modes, such as transit, biking, and walking,

• Increase safety for all users, including vehicle passengers, transit riders, bicyclists, and 
pedestrians, by removing distraction and human error from vehicle operation,

• Increase the market for transit by providing new first- and last-mile connections to 
fixed-route transit, and

• Increase the efficiency of transit agencies by providing a more efficient way to serve 
low-density areas, or heavy congested urban corridors, allowing agencies to focus 
resources and service on highly productive corridors.
Transportation officials are now considering how to address these possible outcomes. The National 

Association of City Transportation Officials (NACTO) recently recommended policies on AVs.6 These 
policies recognize the transformational potential AVs have in cities while also suggesting ways to mitigate 
their negative consequences. One way NACTO seeks to dilute the negative and amplify the positive 
impacts of AVs is by encouraging a shared use model.

Shared Autonomous Vehicles
With the introduction of AVs, TNCs are expected to shift from driver-operated automobiles to 

shared AV (SAV) mobility services. SAVs are likely to significantly decrease the operating cost of TNC 
services by removing the labor costs associated with drivers. Reduced operational costs can be expected to 
make TNCs more attractive to customers through lower fares.

PURPOSE
Although consensus has yet to develop on the timeframe in which SAV mobility services may 

become available in cities, most estimates place widespread adoption within the 20 to 30 year planning 
horizon of typical long-range plans. While TNCs today have shone potential to complement transit, not 
compete with it, the impending introduction of AVs leaves many unanswered questions:

• What will the role of fixed-route transit be in the future?
• How will SAVs affect the demand for fixed-route transit?
• Where might SAVs provide more value than fixed-route transit, especially as TNC fares 

decline?
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1 • Where might it make sense to replace a fixed-route transit service with SAVs?
2 A systematic approach to understanding how the performance of SAVs may compare with
3 fixed-route transit is needed to allow transit agencies and local governments to prepare for the coming age
4 of driverless taxi services.

5 METHODS
6 Building on techniques frequently used in the development of transit mode choice models and
7 benefit-cost analyses, a spreadsheet-based economic evaluation model was developed to evaluate where
8 and when SAVs could provide more relative value than fixed-route transit. Conversely, the model also
9 identifies the most ‘durable’ routes which may remain superior to lower occupancy SAVs over time.

10 The model compares the long-term costs of serving local travel demand with existing fixed-route
11 transit services and SAVs. In contrast to system-wide simulations, this approach evaluates individual routes
12 by time period throughout the week, identifying both broad geographic patterns (e.g. urban vs. suburban,
13 cross-town vs. radial) and fine grained temporal opportunities (e.g. weekday peak vs. nights and weekends)
14 for operators to potentially reallocate resources between traditional and emerging services.
15 The model uses fixed-route operating data commonly prepared by transit agencies, including:
16 • Transit agency cost structure, fare revenue per passenger trip, and average trip length, such
17 as from the National Transit Database (NTD);
18 • Transit schedules, such as General Transit Feed Specification (GTFS) timetables and stop
19 locations; and
20 • Ridership by route and trip or time period as available.
21 The model can evaluate all modes of fixed-route transit,7 such as bus, streetcar, and light rail.
22 Routes are evaluated at the trip level by time of day and day of week.

23 Performance Measures
24 Because of the broad range of stakeholders with interests in urban mobility, there are a range of
25 valid viewpoints from which the question of relative performance should be assessed. The model evaluates
26 the thresholds of ridership, relative travel time, and relative cost where SAVs may be superior to fixed-route
27 transit from four perspectives:
28 Society Would society be better off if the bus route were replaced by SAV s?
29 (Transit user cost, emissions cost, and crash cost vs. SAV costs)
30 Vgcncy Could the resources spent on the bus route be better used elsewhere in the system?
31 (Route productivity in passengers per vehicle revenue hour vs. system average)
32 Would it be cheaper to pay every bus rider’s SAV fare?
3 3 (Transit subsidy per passenger vs. SA V fare cost)
34 Customer Would I be better off taking an SAV for my trip than the bus?
35 (Transit value of travel time and out-of-pocket fare cost vs. SA V travel cost)
36 The model assigns a perfonnance score to every transit trip for each of the four perspectives. A
37 score greater than or equal to 1.0 means SAVs are more advantageous than transit from that perspective.
38 Because each perspective may be more important to one stakeholder group than another, the performance
39 scores should not be added or combined to create a single overall performance measure.

40 Assumptions
41 In addition to the system-level, route-level, and trip-level operating data described above, the
42 model includes assumptions about transit access and egress distances, transit wait times, future SAV
43 operating characteristics, emissions rates, crash rates, societal costs of emissions and crashes, and future
44 SAV fare costs. These assumptions can be modified to calibrate the model to the conditions of a given
45 community and support sensitivity analysis. Sensitivity analysis is particularly important as many
46 characteristics of future shared mobility services and AVs are not yet known.
47 The values used in this analysis represent typical mid-level values derived from existing TNC



1 experience, existing literature, or the authors’ estimate. Some variables can also be overridden at the trip
2 level if more detailed data is available. Table 2 and Table 3 describe global parameters related to transit and
3 SAVs, respectively.

4 TABLE 1: Transit Characteristics
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Parameter Value
Transit Access/Egress Distance 0.2 mile
The assumed distance transit users must walk to and
from a transit stop
Transit Wait Time Half the route’s
The assumed time transit users must wait for a transit headway, up to 5
vehicle minutes

5

TABLE 2: SAV Characteristics

Parameter Value
Shared AV Access/Egress Distance 
The assumed distance SAV users must walk to and from 
their assigned pick-up and drop-off points
Shared AV Wait Time
The assumed time SAV users must wait for a vehicle to 
pick them up
Vehicle Occupancy
Assumed average occupancy of shared vehicles
Delay per Other Passenger
The maximum delay of an SAV route deviation to pick 
up another passenger, as compared to the same trip 
without the deviation 
Maximum Other Passenger Delay 
The maximum delay (as a percentage of total travel time) 
of an SAV route deviation to pick up another passenger, 
as compared to the same trip without the deviation 
Crash reduction for AVs
AVs are assumed to be much safer than driver-operated 
vehicles by eliminating distraction and human error
Timidity Factor
An allowance for reduction in AV average running speed 
compared to general traffic, reflecting potential AV 
speed limits or behavior differences compared to human
drivers_______________________________________

7
8 Societal costs associated with emissions and crashes are monetized with standard,
9 industry-accepted values. Because these costs have long-term effects, they are presented as net present

10 values for avoided annual emissions or crashes over a 20-year period at a 3 percent discount rate. The costs
11 are then normalized to a cost per vehicle revenue mile (VRM). The societal costs per ton of emissions or per
12 fatal or non-fatal crash is taken from USDOT TIGER benefit-cost guidance.* 7 8 9 10 Transit emission rates by
13 mode are derived from the NTD. SAV emission rates are based on a battery electric vehicle.11 Crash rates
14 are based on information from the U.S. Bureau of Transportation Statistics.12 13 14

0.1 mile

3 minutes

1.8 persons8 

3 minutes

30% of travel 
time

90% reduction in 
crash rates9

10% reduction in 
speed
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TABLE 3: Societal Costs (per VRM)

Mode
Autonomous Vehicle 
Bus
Bus Rapid Transit 
Commuter Bus 
Commuter Rail 
Heavy Rail 
Light Rail 
Street Car Rail

Emissions Cost Crash Cost
$1.43 $0.30
$3.80 $6.39
$4.81 $6.39
$4.08 $6.39

$77.86 $57.49
$66.71 $57.49
$28.47 $57.49
$12.46 $57.49

Value of Time - The monetary value of time was assumed to be $13.42 per hour.13
Annualization - All calculated costs are annualized. A year is assumed to have 255 weekdays, 52 

Saturdays, and 58 Sundays/holidays.
Ridership - Ridership for both transit and SAVs is assumed to be equal to unlinked passenger trips 

(UPT). Because the analysis focuses on the potential effects of SAVs on trips currently served by transit, the 
model does not consider any changes in travel behavior that may be caused by SAVs, such as an increase in 
total trips taken along a corridor due to the added convenience SAVs may offer customers.

Trip Length - The agency’s average trip length (passenger-miles/UPT) is used as the assumed trip 
length for all transit and SAV trips. However, the model allows for an override at the trip level if more 
detailed data is available.

Travel Time - Transit travel time is based on timetables. SAV travel time is based on the average 
speed of general traffic as determined from Google Maps trip direction information. An origin-destination 
trip comparable to that of the fixed-route was entered in Google Maps at a comparable time of day. The 
corresponding distance and travel time were used to determine the average speed of traffic at that time of 
day. To reflect potential AV speed limits or behavior differences compared to human drivers, a “timidity 
factor” is applied to SAV travel times.

Average SpeedSAV = Average Speed of General Traffic x (1 + Timidity Factor)

Transit Operating Cost - The model estimates the marginal operations and maintenance cost of 
each trip using a cost allocation model derived from agency NTD reports for each mode. Vehicle operating 
costs (less energy) are computed per vehicle revenue hour (VRH). Vehicle maintenance costs and energy 
costs are computed per vehicle revenue mile (VRM). Non-vehicle maintenance and general administration 
costs are considered to be fixed.

Fares - Transit fares are assumed equal to the agency’s average fare (total fare revenue/UPT), thus 
reflecting all fare discounts experienced by customers in practice. SAV fares are calculated using costs per 
initial boarding, costs per mile, costs per minute, and other parameters that support simulation of a wide 
range of potential SAV fare structures.

28 Calculations
29 The model calculates a transit vs. SAV score for each transit trip from each perspective as described
30 below. When available, more accurate route- or trip-specific data overrides default global parameters in the
31 calculations.

32 Society
33 The combined social costs of travel, crashes, and emissions of transit are compared to that of SAVs.
34 This can be calculated as:
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Score

Travel Costs = Fare + (Value of Time x Travel Time)

Social Cost of Crashes — Crash Cost per VRM x Trip Length 

Social Cost of Emissions = Emissions Cost per VRM x Trip Length 

Travel CostsTransit + Social Cost of CrashesTransU + Social Cost of EmissionsTranslt

1
2
3
4
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When the quotient is less than or equal to 1.0, the societal costs of transit are less than SAVs, and it 
is better to continue operating the fixed route. When the quotient is greater than 1.0, the societal costs of 
transit are greater than SAVs, and it is better to serve travel demand with SAVs from the perspective of 
society as a whole.

A&encv
The productivity of the SAV route is compared to the agency’s average productivity. Productivity is 

measured as UPT per vehicle revenue hour (VRH). This can be written as the following equation:

Score
(UPTAgency/VRHAgency) 

(UPTSAV Route/VRHSAV Route)

When the quotient is less than or equal to 1.0, it is more advantageous for the agency to continue 
operating the fixed route. When the quotient is greater than 1.0, it may be more advantageous for the agency 
to discontinue the route, serve its customers with SAVs, and potentially reinvest resources in the system.

The transit subsidy per passenger for a particular trip is compared to the SAV fare for a similar trip. 
This is calculated as follows:

Fare Revenue = Fare x UPT

Marginal Transit 0&.M Cost — Fare Revnue
Transit Subsidy per Passenger

Score

UPT

Transit Subsidy per Passenger 
SAV Fare

When the quotient is less than or equal to 1.0, the transit subsidy of that transit trip is cheaper than 
an SAV fare of a similar trip. This suggests that fixed-route transit is a better value for taxpayers than a 
direct subsidy of SAV fares, and the fixed route should continue operation. When the quotient is greater 
than 1.0, the transit subsidy of that transit trip is more expensive than the SAV fare of a similar trip. This 
suggests that subsidized SAVs could offer a more cost-effective way to serve the transit market.

Customer
The combined out-of-pocket fare cost and value of travel time for fixed-route transit and SAVs are 

compared. This can be written as the following equation:

Score
FareTransit + VoT * [Ride TimeTransit + 2 * (Walk TimeTransit + Wait TimeTransit)\

FareSAV + VoT * [Ride TimeSAV + 2 * (Walk TimeSAV + Wait TimeSAV)]

When the quotient is less than or equal to 1.0, fixed-route transit is more attractive to the customer.
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1 When the quotient is greater than 1.0, SAVs offer better value and may erode transit market share. This
2 simple comparison of overall cost and travel time is not intended to simulate a mode choice decision among
3 multiple competing modes (including private automobile), so no logic structure is used. However, walk
4 time and wait time are weighted at a multiple of two times in-vehicle travel time to reflect typical traveler
5 behavior.14

6 Fare Scenarios
7 The model tests the sensitivity of comparison results under a range of assumed SAV fare levels,
8 from traditional taxi services to potential low-cost driverless taxi services:

9
10
11
12
13
14
15
16

17
18
19
20 
21 
22
23
24
25
26 
27

T3
T2

A3
A2
A1

Taxi - Comparable to traditional taxi
TNC Single - Comparable to existing single-occupancy TNC 

services (Uber, Lyft)
TNC Shared - Comparable to existing shared-occupancy TNC 

services (UberPOOL, Lyft Line)
SAV High - An assumed high-level SAV per mile cost 
SAV Medium - An assumed medium-level SAV per mile cost 
SAV Low - An assumed low-level SAV per mile cost

Traditional taxi fare values are based on the current taxi fare structure in the Tampa, Florida area.15 
Single-rider TNC fares are based on the current UberX fare structure in Tampa, not including surge pricing. 
Due to the complex fare stmcture of shared TNC (UberPool and Lyft Line) services, T1 fares were 
approximated as 75% of T2 fares.

There is a wide range of speculation in the literature about the future costs of SAV mobility 
services. For example, an early study of a driverless taxi fleet in Ann Arbor, Michigan found that fully 
allocated costs could range from $0.41 per mile using standard sedans to as little as $0.15 per mile using 
smaller purpose-built vehicles.16 A more recent study in Austin, Texas applied typical transit agency 
overhead rates and transportation industry profit margins and found that an electric SAV fleet could operate 
at costs of $0.66 to $0.74 per mile.17 Three values from $0.25 to $0.75 per mile were used to represent a 
range of possible cost structures and marketing approaches for future shared mobility services.

TABLE 4: Fare Scenario Assumptions

T3 T2 T1 A3 A2 A1
Per Initial 

Boarding $2.50 $2.70 $2.03 $0.00 $0.00 $0.00
Per Mile $2.40 $0.80 $0.60 $0.75 $0.50 $0.25
Per Minute $0.30 $0.11 $0.08 $0.00 $0.00 $0.00
Minimum Fare $0.00 $5.50 $4.13 $0.00 $0.00 $0.00

30 RESULTS
31 The model was applied to existing services operated by the Lakeland Area Mass Transit District
32 (dba Citms Connection), which provides transit services in a portion of Polk County, Florida. Two routes
33 were selected for analysis:
34 * 30 Legoland
35 • 50 Aubumdale
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1 Summary
2 Each route was evaluated by the model at each fare scenario for the four perspectives. Routes were
3 evaluated for each hour they are in operation on weekdays, Saturdays, and Sundays. This hour-by-hour
4 analysis identified the days of the week and times of day where SAVs are more advantageous than
5 fixed-route transit.
6 A weekday summary of each route follows. Each figure shows when transit (darker color) or SAVs
7 (lighter color) will be more advantageous (quotient greater than or less than 1.0) under each of the fare
8 scenarios. The figures reflect the times of day and days of week when each service operates.
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FIGURE 2:30 Legoland
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FIGURE 3:50 Auburndale
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1 Findings
2 The results presented above are based on an analysis of a limited sample of routes for one agency.
3 Differences between places, including travel market characteristics, agency cost structures, and roadway
4 congestion conditions, as well as changes in SAV parameters, mean the results of this analysis will not be
5 directly transferable to other agencies and communities. It is important to consider the unique
6 circumstances of an agency and community when performing a similar exercise. However, some general
7 findings may provide insight on results that could be expected elsewhere:
8 SOCIETY
9 Fixed-roufe service is more advantageous to society even when ridership is very low.

10 The societal cost associated with emissions and crashes, even using electric vehicles and
11 significantly reduced crash rates associated with driverless technology, does not appear to outweigh the
12 advantages of carrying a number of people in a single vehicle.
13 All routes evaluated remained advantageous under all fare scenarios, with the exception of the SS
14 Smart Shuttle. This outlier has a productivity of 0.1 passengers per VRH.
15
16 ,S 11 \ may provide a way for agencies to increase overall system effectiveness.
17 By replacing their lowest performing services with SAVs, agencies have the opportunity to
18 reallocate resources to SAV subsidies in low demand areas and more frequent service in high demand
19 corridors.
20 All routes evaluated were below the agency’s system-wide average productivity of 18 passengers
21 per revenue hour. The agency could potentially improve its overall productivity by replacing these routes
22 with SAVs.
23
24
25 At lower SAV fare levels, only the highest performing transit routes remain more advantageous to
26 taxpayers. Low ridership routes are more heavily subsidized on a per-passenger basis, and are therefore
27 more costly to taxpayers. Transit agencies should consider partnering with TNCs or directly operating
28 SAVs to serve less-productive areas and at less-productive times.
29 At $0.75 per mile, each of the routes evaluated required greater subsidy to operate than the
30 equivalent SAV fare for a typical trip of 5.9 miles.
31 CUSTOM HR
32 Fixed-route transit remains a greater value to customers until TNC fares drop well below today’s
33 levels.
34 With a fixed fare, transit provides greater relative value on longer trips as SAV services become
35 more expensive.
36 At $0.75 per mile, each of the lines evaluated had a higher composite travel cost than traveling by
37 SAV for a typical trip of 5.9 miles.

3 8 Threshold Analysis
39 These findings are further illustrated by a threshold analysis (Figure 9), which identifies the
40 break-even productivity levels at which SAV value exceeds transit under each fare scenario and
41 perspective. This analysis reveals the productivity level required for a fixed-route to be more competitive
42 than SAVs based on the conditions in Polk County, Florida. This type of information allows transit agencies
43 to quickly screen candidate routes for more detailed assessment of SAV opportunities.
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FIGURE 4: Fixed-Route Threshold Analysis

2

3 CONCLUSION
4 The model provides insights which transit agencies should consider as they develop long-range
5 plans and prepare for the arrival of driverless cars. Although specific findings will vary by place, some
6 general policy recommendations that can be drawn from the Florida analysis include:
7

8 1. Focus fixed-route transit on the densest corridors

9 Highly productive fixed routes offer durable value when compared to SAVs from a variety of
10 perspectives. Agencies should focus their resources in their densest corridors with the strongest market
11 demand. These corridors are likely to remain attractive for fixed-route transit after the introduction of
12 SAVs.
13 How will SAVs affect the demand for fixed-route transit? While TNCs today have been shown
14 to complement transit, it is likely that lower costs and increased convenience will divert some riders from
15 transit to SAVs. However, the mode shift may be mitigated by more congested traffic conditions where
16 SAVs contribute to higher VMT. In dense corridors where transit agencies can afford to deliver frequent
17 service and reliable travel times, SAVs have the opportunity to complement these services and boost
18 ridership.
19 Where might SAVs provide more value than fixed-route transit, especially as TNC fares
20 decline? SAVs will provide more value to agencies, taxpayers, and customers than fixed-routes in
21 lower-density areas and at off-peak times. If some SAV services are able to operate at the lower fare levels
22 suggested in the literature (e.g. below $0.50 per mile), SAVs could serve a large share of the total travel
23 market in small to medium-sized urban areas.
24 Where might it make sense to replace a fixed-route transit service with SAVs? NACTO has
25 recommended that SAV speeds be restricted on city streets to 25 mph. SAVs may be particularly attractive
26 as an alternative to fixed-route services during evenings and weekends in urban areas with relatively
27 low-speed street networks. Likewise, SAVs may be very effective in suburban areas as feeders to transit
28 corridors via low-speed street networks at all times. Depending on the capabilities of SAVs, including their
29 ability to operate on relatively high-speed suburban arterials, SAVs may also provide an effective
30 alternative to fixed route transit in some suburban corridors.
31 What will the role of fixed-route transit be in the future? Fixed-route transit will continue



1 playing an important role in the future. Transit will be critical to serving mobility needs along dense
2 corridors and in major activity centers. Moreover, the same automation technology that will drive down the
3 operating costs of SAVs will have transit applications as well.

4 2. Invest in transit priority features

5 The introduction of AVs has the potential to increase overall VMT. Congestion, especially in dense
6 urban cores, may increase in the future. Transit agencies should plan for and invest in transit priority
7 infrastructure, such as dedicated lanes, signal priority, and separated guideways where appropriate. These
8 investments are vital to ensuring that transit in dense corridors provides a durable competitive advantage
9 over automobile and SAV travel in terms of travel speed and reliability. As in some of the largest cities,

10 transit may become the fastest way to get across town in many smaller markets.
11

12 3. Expand TNC partnerships for integrated trip planning and payment

13 Transit agencies should view TNCs as partners. There is no correct answer to mobility. Customers
14 will opt for the mode and service appropriate for them at a particular time. TNCs have demonstrated the
15 convenience of mobile apps to plan, request, and pay for rides. Microtransit, with its ability to deploy the
16 right sized vehicle at the right time based on market demand, may fill an important niche between
17 traditional fixed route corridors and areas served primarily by SAVs. TNCs may continue to serve markets
18 with human drivers where SAVs are not suitable due to speed restrictions, road characteristics, or other
19 policies.
20 Many transit agencies have mobile apps to plan trips, and some even allow customers to pay fares
21 through the app. Transit agencies would benefit from integrated mobile apps allowing users to plan and pay
22 for a variety of mobility options, including TNCs and transit. Studies have shown that TNCs complement,
23 not compete with, public transit today. Simplifying the planning and payment process for both modes will
24 benefit transit agencies.
25

26 4. Explore taxi/A Vfare subsidy programs

27 It may be more efficient for taxpayers and transit agencies to offer subsidies for taxi or TNC/SAV
28 rides instead of operating low-productivity fixed-route services. In many cases, these subsidies would be
29 less than the subsidies already being paid by transit agencies per rider on low-productivity routes.
30 Customers would also benefit from the added convenience these on-call services provide (as opposed to
31 being constrained to the fixed alignment and schedule of transit).
32

33 5. Monitor advances in Mobility Technology

34 The rapid rise of TNCs has demonstrated the speed of technological advances in mobility. The
35 introduction of AVs is likely to result in similar disruption. It is essential that transit agencies monitor
36 advances in shared mobility and autonomous vehicles. The agencies most responsive to the opportunities
37 and threats associated with new technologies are likely to benefit the most.
38
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