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Executive Summary 

Suburban and exurban communities struggle to provide cost-effective public transportation. Traditional fixed-

route buses tend to perform poorly in these low-density areas due to low rider demand, leading to high per-trip 

costs and low service frequency. Dial-a-ride services offer greater flexibility but often require advance booking 

and can result in long wait times. In response, many communities have turned to on-demand transit solutions, 

delivered either through microtransit providers like Via or through partnerships with transportation network 

companies (TNCs) such as Uber or Lyft. However, despite the fundamental differences between these service 

models, transit planning guides rarely clarify when a community would want to use one mode over the other.  

Microtransit functions similarly to dial-a-ride, using a fixed fleet of vehicles and employee drivers to serve 

shared trips. The mode has high fixed costs and low variable costs, making it well-suited to settings where rider 

demand can be consolidated into shared vehicles. For its part, a TNC serves individual trips using a flexible, 

crowdsourced network of independent contractor drivers. Its cost structure is the opposite of microtransit: low 

fixed costs and high variable costs, with fares typically priced based on trip distance. Although TNCs offer 

greater flexibility and dynamic driver supply, many communities have avoided working with them due to 

concerns about limited data sharing, regulatory compliance, and service reliability. As a result, microtransit has 

become the default on-demand transit choice, even though it is often unsustainable in settings where demand 

is too low to efficiently consolidate trips.  

This research addresses two pressing questions for communities seeking to improve their on-demand transit 

service: first, is there a business plan for partnerships that can induce TNCs to cooperate with low-density 

communities? Second, what characteristics make a community better suited to a TNC partnership than to 

microtransit? To answer these questions, we developed a new business plan for cooperative TNC partnerships, 

compared the plan’s performance against real-world microtransit systems in three Northern California 

communities, and introduce a simple metric, which does not depend on the specific design of the transit 

system, that can guide communities in selecting the most suitable on-demand mode. 

The proposed business plan employs a community-appointed service manager to coordinate all aspects of the 

on-demand service. This manager receives trip requests on its own custom smartphone application that it runs 

separately from the TNC’s platform. This separation ensures the community maintains access to demand-

related trip data and can implement its own local service policies through the service manager’s app. After 

receiving trip requests, the service manager estimates each trip’s regular TNC fare, then sets incentives for 

drivers (and a bonus for the TNC) and forwards the trip information to the TNC partner. The incentives are 

designed to attract drivers to serve trips in the low-density community by matching their expected earnings in 

nearby higher-demand areas. The bonus compensates the TNC for allowing its drivers to serve a lower demand 

area, which would otherwise be unprofitable. This extra compensation ensures ample driver availability and 

TNC cooperation, thus delivering a high level of service to the low-density community. Once the TNC accepts 
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the trip and compensation offers, it handles routing and dispatching drivers using its own algorithms, serving 

the request as usual.  

Under this proposed partnership plan, each stakeholder (i.e., riders, drivers, the TNC, the community’s local 

government, and the service manager) benefits in a way that leaves them at least as well off as under their 

next-best alternative. Riders compare the partnership to whichever transit option previously existed (e.g., 

microtransit, fixed-route bus, or no transit at all), while drivers and the TNC compare against serving trips in 

busier urban markets. The business plan guarantees stakeholders benefit by distributing subsidies and 

compensation offers. The local government subsidizes rider fares to cover most of the cost of service.  Drivers 

earn a share of regular TNC fare revenue plus incentive payments from the service manager. The TNC receives 

fare revenue and the per-trip bonus. The service manager earns a per-trip commission from the local 

government. And, by working with a service manager, communities can maintain control over their on-demand 

service and its trip data while leveraging the TNC’s flexibility and scale. Because at least one party benefits 

from switching to the partnership (e.g., riders receive a higher level of service for a low fare) without any being 

made worse off, the business plan is Pareto improving. 

To evaluate the business plan in realistic settings, we compared the performance of existing microtransit 

systems in three Northern California communities (West Sacramento, Cupertino, and Rocklin/Loomis) to 

simulated TNC operations under the proposed plan. The simulation uses real trip request data provided by each 

community, along with community-specific estimates of TNC driver availability, vehicle speed distributions, 

and costs. The findings demonstrate that cooperative TNCs can offer substantial benefits, particularly in 

communities with low demand or small service areas where there is limited potential for trip consolidation. In 

Cupertino and Rocklin/Loomis, the simulated TNCs outperformed microtransit in both level of service and cost. 

In West Sacramento, where trip demand and consolidation are high, microtransit remained more cost-effective, 

though the TNCs still delivered higher levels of service and driver earnings. 

The results of the case study comparison suggest that a community’s ability to consolidate trips is the key 

determinant of which on-demand mode is most appropriate for that community. To quantify this, we propose a 

simple discriminating metric, 𝜌, defined as the result of multiplying a community’s average trip demand by the 

average on-board travel time of a typical rider in that community. The value estimated for this metric is the 

number of new trip requests that arrive while a rider is en route to her destination, and it serves as a proxy 

measure of the community’s potential to consolidate trips via microtransit. Higher values of 𝜌 indicate that 

microtransit is likely to be more cost-effective (as there are more opportunities to consolidate trips), while 

lower values of 𝜌 suggest that TNC partnerships may be the lower cost option. The metric was validated using 

case study data and used to identify a boundary value (𝜌𝑏) where TNCs become more economical than 

microtransit. 

Applying the metric to 46 California communities currently operating microtransit revealed that over half had 

metric values below the boundary, indicating that they might be better served by TNC partnerships. The metric 

was also extended to 154 California communities classified as underserved by public transit. Using a regression 

model that estimates the metric’s value with population density and service area size as proxy variables, 78 of 
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these communities were identified as strong candidates for TNC partnerships. These results highlight TNCs’ 

potential for cost savings and improved service quality in a wide range of communities across the state. 

In conclusion, this report provides a practical framework for rethinking how on-demand transit might be 

delivered in low-density communities. By offering a cooperative business plan that preserves community 

control and a simple yet discriminating metric to guide mode selection, this research equips planners and 

policymakers with actionable tools to make smarter decisions. With careful implementation, these strategies 

can help reduce public costs, improve levels of service, and expand equitable access to high-quality 

transportation in communities that have long been underserved. 
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Introduction 

Suburban and exurban communities face persistent challenges in providing cost-effective public 

transportation. Traditional options like fixed-route buses and dial-a-ride services are often poorly suited to 

these low-density settings. Fixed route buses have high fixed costs and tend to be underutilized due to low, 

spatially dispersed rider demand. This results in high per-passenger trip costs and limited service coverage (1). 

While dial-a-ride systems offer greater flexibility in routing, they require advanced booking and often result in 

long wait times for riders (2, 3). As a result, many low-density communities have turned to on-demand transit 

to expand their service coverage and improve rider convenience (4, 5). 

On-demand transit services allow riders to request trips through a smartphone or call center and receive curb-

to-curb service, often within minutes thanks to dynamic routing. These services are typically provided either by 

microtransit providers, such as Via, or through partnerships with transportation network companies (TNCs), 

such as  Uber or Lyft (3, 6).  

Microtransit, like dial-a-ride before it, provides pickup and drop-off service using a fixed fleet of community-

owned vehicles operated by salaried drivers; and riders with similar origins and destinations are grouped (i.e., 

consolidated) into the same shared vehicles (3). (A key distinction is that microtransit serves on-demand trips 

typically requested through a smartphone app, whereas dial-a-ride usually requires advance reservations 

placed by telephone.) In low-density areas where demand is low and trips cannot be consolidated, microtransit 

pays drivers to circulate the service area even when vehicle utilization is low to stay available to serve 

infrequent trips. This distributes the community’s capital and salary costs from operating the vehicles over few 

riders, resulting in high fixed costs per passenger-trip. Under these circumstances, microtransit’s variable cost 

per passenger-trip is low, consisting primarily of fuel expenses for the duration of each rider’s trip.  

On the other hand, TNCs operate in low-density areas much like private taxis, serving individual trips with a 

crowdsourced fleet of independent contractor drivers.1 When a community funds a TNC partnership, fixed 

costs are low because each TNC driver supplies her own vehicle and works only when trip requests arise (i.e., 

TNC drivers are not paid when not serving trips). This eliminates the need for capital investment or employee 

salaries (4). However, because the costs of vehicle use, driver labor, and access to the TNC’s digital 

infrastructure are encompassed within a  single, dynamically-priced fare, TNCs have a high variable cost per 

passenger-trip.  

Although the two modes differ markedly in both service delivery and cost structure, few transit planning guides 

clarify when a community should use one mode over the other. Instead, mode selection is left to the discretion 

 
1 Some TNCs offer pooled or shared-ride options; however, many (e.g., Lyft) have largely discontinued these services or 
limit them to high-density urban areas during periods of high demand (7, 8). Shared TNC rides would reduce the variable 
cost per trip by dividing the fare over multiple, simultaneous riders, though this is impractical in areas with low, sparse 
demand. 
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of the community itself (6). In practice, most communities opt for microtransit, largely due to concerns about 

working with TNCs that have historically resisted public input for service policies, withheld access to trip data, 

and have at times flouted local regulations (9, 10). Rather than funding a service over which they have limited 

control, communities instead partner with microtransit providers, who share their data more freely and are 

more responsive to tailoring their service delivery according to local policies (4). 

However, treating microtransit as a default solution has drawbacks. Due to microtransit’s need to consolidate 

trips, it struggles to keep costs low in communities with very low demand. Because of the unsustainable costs, 

many microtransit pilot programs never last beyond the initial funding period.  In many cases, paying for 

carefully crafted, individual TNC trips would have been cheaper.  

Even so, using TNCs to provide on-demand service would require finding ways to obtain their cooperation with 

the community. This raises the two questions that have driven the present research: 

1) Is there a business plan for TNC partnerships that can induce TNCs to cooperate with communities? 

2) What characteristics make a community better suited to using a cooperative TNC partnership for on-

demand transit versus contracting with a microtransit provider? 

The findings in this report address these questions in the following way. First, a business plan for TNC 

partnerships is presented that centers around giving the community organizational control, transparency, and 

reliable on-demand service, while preserving the TNC’s operational flexibility. Second, we simulate TNC 

operations under this plan in three Northern California communities used as case studies. Each community is 

currently served by microtransit, and we compare this service against the simulated TNCs. Third, we summarize 

the results of the case studies with a simple metric that communities can use to help decide in advance which 

mode (TNCs or microtransit) would likely be more effective given their characteristics. With these tools, we 

equip decision makers with the means to improve on-demand transit results, reduce costs, and better serve the 

residents of low-density communities.   
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Background 

Transit agencies and local governments in low-density communities have pursued on-demand transit through 

partnerships with both microtransit providers and TNCs. Although TNCs were common partners in early pilot 

programs during the mid-2010s, communities have largely shifted toward microtransit, motivated by a desire 

for greater service control, data transparency, and service reliability (11). To systematically determine which 

mode is more appropriate for a given setting, researchers have developed quantitative planning tools. 

However, both the partnership structures and the planning tools currently suffer from important limitations. 

This section reviews the key lessons learned from past and proposed TNC partnerships and highlights the 

limitations of existing mode selection measures.  

Past and Proposed TNC Partnerships 

Early TNC-based partnerships were often structured as subsidized-fare programs, where transit agencies 

offered flat discounts or capped fares for trips within geofenced service areas (4, 12). These arrangements were 

attractive because they required little upfront investment and were easily terminated, making them well-suited 

for short-term experiments. The TNCs typically filled the role of replacing low-demand bus routes, providing 

first-mile/last-mile access to transit stations, providing off-peak service, and as an alternative to ADA or dial-a-

ride services.   

Despite the initial promise, many of these pilot programs were discontinued once grant funding expired. 

Communities struggled with limited control over service provision, such as driver hiring practices or routing 

policies, and they often had little access into trip-level data due to the proprietary nature of TNC platforms 

(13). Moreover, service in low-density areas was inconsistent. TNC drivers, as independent contractors, are free 

to choose when and where they work. This leads drivers to congregate in high-demand areas and leaves smaller 

or more remote communities underserved (14).  

These challenges notwithstanding, a few TNC partnerships have endured. The communities of Innisfil, Ontario, 

Canada and Monrovia, California continue to subsidize TNC service in lieu of traditional forms of public transit 

(15, 16). These programs are popular and save costs when compared to fixed-route or dial-a-ride alternatives 

(17, 18). However, both programs still face uneven driver availability and limited community oversight of 

service quality (17, 19). These challenges illustrate the structural tensions that arise when local governments 

rely on privately controlled platforms. 

In response, researchers have proposed new partnership arrangements intended to give communities greater 

leverage when working with TNCs. One such arrangement introduces a non-profit intermediary that serves as a 

liaison between the community and the TNC (20). The non-profit uses a customized interface on the TNC’s 

app, helps manage rider bookings, and distributes fare subsidies. This partnership arrangement may also 

involve installing tablets or kiosks in community centers to support riders without smartphone or internet 
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access. This approach is advantageous as the intermediary gains access to trip-level information by 

coordinating bookings with the TNC. Riders also benefit from the additional support and tailored subsidies.  

However, this arrangement also carries significant limitations. Because the custom interface is built into the 

TNC’s app, the non-profit intermediary remains dependent on the TNC’s platform for dispatching riders and 

coordinating trips. This means the community still has no means of enforcing service policies or setting its own 

service standards. Additionally, all trip data are confined to the TNC’s platform. Though the intermediary may 

be able to see real-time performance information, it does not have full transparency or after-the-fact access to 

the data collected. Finally, this partnership arrangement, which has a stated goal of improving transportation 

for underserved populations, does not address the fundamental problem of driver supply in low-demand areas. 

Thus, the level of service provided with this partnership is still vulnerable to changes in the TNC’s service 

policies. 

Another proposal recommends partnering with TNCs to provide first-mile/last-mile service to bus routes 

during low-demand periods or in sparsely populated areas (21). Segments of bus routes that are underutilized 

during such periods are truncated at transfer points. Riders pay a single fare and transfer seamlessly between 

the transit and TNC segments to complete their trips. To ensure ample driver coverage in the truncated areas, 

the proposal includes driver compensation schemes to make working in low-demand areas financially viable, 

otherwise drivers would likely not choose to work in these areas. With this mechanism in place, the partnership 

arrangement addresses the driver supply issue more directly than previous efforts and integrates private 

service into a broader transit network.  

However, this partnership model falls short in other areas. TNC service is still accessed through the TNC’s 

rider-facing app. This limits the transit agency’s ability to monitor performance or enforce service policies. 

Because all aspects of service are handled on the TNC’s platform, the agency also lacks control over supply-side 

operations (e.g., where and when drivers work) and remains vulnerable to unilateral TNC policy changes. 

The two partnership proposals reflect growing awareness of the limitations inherent in current partnership 

structures. Each proposal introduces mechanisms to address a subset of concerns, but neither fully resolves the 

tension between public accountability and private platform control. In particular, both arrangements leave 

communities dependent on TNC infrastructure for core service functions and fall short of delivering 

operational control, data transparency, and service reliability in low-density areas.  

Modeling On-Demand Transit Performance as a Function of Community 

Characteristics  

Researchers have compared on-demand transit modes under different service conditions to identify the types 

of communities where TNCs or microtransit are most effective. The two classes of models used for this purpose 

are analytical models and agent-based simulation. 
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Analytical models often represent transit operations as simplified queueing systems (22–24). These models 

assume steady-state conditions and define queues corresponding to three vehicle states: idle, assigned 

(traveling to pick up a rider), and serving (traveling to drop off a rider) (23). Performance measures such as 

average rider wait time or on-board travel time are derived using Little’s formula, and results are expressed as 

functions of demand, service area size, or fleet size.2 While these models are useful for theoretical insight, they 

are not very practical as they typically rely on strong assumptions such as uniform demand distributions, 

constant vehicle speeds, and instantaneous matching of riders to vehicles (26, 27).  

To offer a more realistic alternative, researchers also use agent-based simulations (28). These emulate the 

movements of individual riders and drivers over space and time (29). They can incorporate detailed roadway 

networks, demand over different time periods, and stochastic (random) driver behavior (30). The models are 

commonly used to evaluate the performance of different service designs and operating policies under specified 

local conditions. However, they are computationally intensive and require fine-grained input data, which may 

not be available during planning stages. 

Researchers use both types of models to generate “modal spectra,” which are curves depicting optimal 

performance factors (such as cost) for distinct modes over a range of community types (31). For example, a 

spectrum might plot cost per trip for microtransit and TNCs as functions of demand density, service area size, 

or population (24, 32, 33). Composite measures, such as the product of demand per vehicle-hour and trip 

distance, have also been proposed (21, 34). By analyzing the performance curves, one can identify a lower 

envelope which represents the lowest cost attainable by any mode for each value on the x-axis, i.e., a Pareto 

frontier. The boundaries between the curves along the Pareto frontier, at which one mode becomes more cost-

effective than the other, can serve as decision criteria for planners (23). 

However, existing community measures (including composites) have two important limitations. First, few 

directly account for a mode’s ability to consolidate trips within a given community, even though this factor is 

central to the cost-effectiveness of microtransit (and transit in general). Measures that ignore this facet may 

underestimate the efficiency of transit in areas where trip consolidation is feasible. A composite measure 

proposed in Wright (34) comes closest, as it uses the product of demand and trip distance, which properly 

accounts for transit’s ability to consolidate trips when demand is high and/or when trips are long.  

The Wright measure falls short, however, as it suffers from the second, more important limitation: most 

existing measures rely on assumptions of how service is structured. In the case of the Wright measure, it 

measures demand by trips per vehicle-hour, making the resulting measure dependent on the fleet size, 

matching algorithms, etc. This makes it difficult to use the measure in the planning process before system 

design details have been established. 

 
2 Little’s formula, L=λW, relates the average number of items in a queueing system (L) to their arrival rate () and the 
average time they spend in the system (W) (25). Modeling a TNC operation as a steady-state queueing system implies that 
the required fleet size equals the average request rate multiplied by the average time each rider spends in the system from 
request to drop-off time. The latter is a function of the service area size, desired level of service, etc. (23). 
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While prior work has laid the foundation for comparing TNCs and microtransit, current tools fall short of what 

communities need. Existing partnership structures do not offer the community sufficient control over service 

policies or mechanisms for driver reliability, and existing community measures are too dependent on the 

specific design of the transit system to serve as reliable future planning aids. This report addresses both of 

these failings, by proposing a new, cooperative business plan for partnering with TNCs, and by introducing a 

simple, design-independent metric to guide mode selection.  
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Research Approach 

A three-part approach was used to answer the research questions. First, we developed a business plan for 

cooperative TNC partnerships. We then evaluated this plan in three case study communities by comparing the 

measured performance of existing microtransit systems against the simulated performance of TNCs under the 

business plan. Key results from the comparisons are synthesized below into a simple metric, which 

distinguishes which mode best suits a community by relying only on aggregate service area data. This research 

approach is described in the following three subsections.  

Business Plan for TNC Partnerships 

The business plan described below addresses the shortcomings of prior arrangements between communities 

and TNCs. The proposed plan uses a community-appointed intermediary called the “service manager” to run all 

operations. The service manager balances the interests of all stakeholders, administers subsidies, and 

coordinates the delivery of on-demand services in the low-density community. Unlike past partnership 

arrangements where the TNC had control over all aspects of service delivery, this partnership maintains 

community authority while leveraging the TNC’s existing infrastructure and driver network. 

The proposed plan involves five key stakeholders. Riders, the users of the service, expect to receive high quality 

and accessible transportation service at fares comparable to those charged for other public transit modes (such 

as bus or microtransit). Drivers, who are the independent contractors that respond to trip requests, expect to 

earn wages on par with those available in nearby high-demand urban areas, and will only serve trips for the 

partnership if this expectation is met. The TNC supplies the technical infrastructure and driver network 

necessary for matching riders and drivers and efficiently routing trips. In exchange for giving up some control 

over local operations and for allowing its drivers to stay in a low-demand area (which would typically result in 

the TNC receiving less revenue), the TNC expects to be compensated. The community’s local government serves 

as the partnership funder and primary public-sector authority. It expects the service to be reliable, equitable, 

and to come in under a budget. The service manager coordinates all other stakeholder interactions, oversees the 

flow of money and information through the system, and ensures that each stakeholder’s expectations are met. 

In exchange, the service manager expects to be well compensated. 

Each stakeholder will only participate in the plan if they stand to benefit at least as much as under their next-

best alternative. Riders and the community’s local government will compare the costs and level of service of 

the partnership to that of whichever transit option previously existed (e.g., microtransit, fixed-route bus, or no 

transit at all). The TNC and its drivers will compare serving trips for the partnership against continuing to serve 

trips in busier urban markets. Because the service manager is created for the business plan, it will participate in 

the partnership if it can profit from doing so.  
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The mechanisms of the proposed business plan proceed as follows. The service manager collects all trip 

requests through its own rider-facing smartphone application. By separating this operation from the TNC’s 

platform, the local government can monitor performance, enforce service rules, and interact directly with 

riders (including gathering feedback with customer surveys) in real time. The service manager’s app can also be 

accessed via call centers and physical kiosks to ensure inclusive accessibility.  

After collecting trip requests, the service manager uses the TNC’s application programming interface (API) to 

request an estimate for each trip’s regular TNC fare. From the fare estimates, the service manager sets driver 

incentive prices that reflect trip distance, wages in nearby urban areas, and vehicle operating costs (e.g., gas 

and maintenance expenses incurred by the driver during the trip’s expected duration). These incentives are 

designed to attract drivers to the service area by ensuring their expected wage remains competitive despite the 

low-density area’s lower demand. The service manager also sets bonuses for the TNC so that it profits from 

cooperating and allowing its drivers to serve the low-density area. It is assumed that the incentive and bonus 

offers are set such that both drivers and the TNC find them profitable, and therefore always accept partnership 

trip requests. (The conclusion of this report discusses future research that could relax this assumption and 

employ dynamically adjusting incentives should acceptance rates fall.) 

Following the compensation calculations, the service manager sends the trip requests and incentive/bonus 

offers to the TNC via its API. The TNC uses its proprietary matching algorithms to share the incentive offers 

and trip information with nearby available drivers. Once a driver accepts an offer, she serves the trip as normal 

and receives her compensation following the trip’s completion.  

The service manager coordinates the flows of money between stakeholders in a carefully structured manner. 

This is pictured in Figure 1. A rider pays a fixed government-subsidized fare (around the price of a bus fare) 

directly to the service manager (arrow 1). The service manager supplements this fare with public funding from 

the local government (arrow 2). This public funding is set to ensure that the full cost of the trip, including the 

driver incentive and bonus to the TNC, is covered (see box in figure). After the trip is completed, the TNC 

receives the regular TNC trip fare from the service manager (arrow 3) and an additional per-trip bonus for 

making its platform and drivers available (arrow 6). The driver receives her share of the regular TNC fare 

revenue through the TNC as usual (arrow 4), as well as the incentive for serving the on-demand trip, which is 

received directly from the service manager (arrow 5). The service manager is compensated by the local 

government with a per-trip commission for each trip request it fulfills (arrow 7). The value of this commission is 

set so that the service manager must fulfill all trip requests in order to receive a desired annual salary. 

Mathematical expressions for incentives and compensation are provided in Appendix A. 
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Figure 1. The flow of money per trip served in the proposed business plan. 

The service manager coordinates information sharing among stakeholders in a similar manner, as pictured in 

Figure 2. Before any trips are served, the local government provides the service manager with policies and 

constraints, such as fare rules and geographic boundaries for the service area (arrow 1). A rider provides his trip 

origin and destination through the service manager’s app (arrow 2). The service manager then shares this 

information (alongside incentive and bonus offers) with the TNC to facilitate trip matching and service delivery 

(arrow 3). The TNC shares the trip request and incentive information with available drivers (arrow 4) until one 

accepts the trip. Upon accepting the trip, the driver begins sharing her real-time location with the TNC as she 

travels towards the pickup location (arrow 5). The TNC sends the driver’s information and expected time of 

arrival (ETA) at the pickup location to the service manager (arrow 6), which then relays the ETA to the rider. The 

rider’s trip is served normally. Afterwards, trip records and performance data are stored by the service 

manager, allowing the local government to monitor service quality both in real time and over longer evaluation 

periods (arrow 8). 
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Figure 2. The flow of information per trip served in the proposed business plan. 

The community is responsible for several key components of the plan. These include providing the service 

manager’s smartphone application, establishing a call center, and strategically placing kiosks throughout the 

community. The smartphone app must support rider and driver accounts, secure payments, and interface with 

the TNC’s API. The smartphone app should also allow for GPS tracking and real-time communication with all 

parties. The call center and kiosks ensure that riders without smartphones and internet access can still utilize 

the service, with all trip requests routed through the same backend system to maintain consistent performance 

monitoring. 

The proposed business plan is arranged so that every participant does at least as well as they would under their 

next-best alternative, with some participants benefiting (such as the riders, who receive a higher level of 

service due to individually served trips). The partnership plan is thus Pareto improving, as at least one party is 

better off from participating without making anyone else worse off. The plan also allows communities to 

exercise local control over TNC operations to leverage the company’s technology and scale of operations to 

provide high-quality on-demand transit service in low-demand areas. In this way, past concerns about TNC 

partnerships are addressed, in a cooperative, mutually-beneficial manner. 
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Case Studies of Microtransit and TNCs in Three Northern California 

Communities 

To determine if the proposed TNC partnership can deliver comparable or superior on-demand service in low-

density communities, the research team compared the performance of existing microtransit services to a 

simulation of cooperative TNC operations. Three Northern California communities that currently operate 

microtransit services were selected as case studies: West Sacramento, Cupertino, and Rocklin/Loomis. Each 

community reflects distinct service area characteristics. West Sacramento is an inner suburb of Sacramento 

with relatively high trip demand and a large service area. Cupertino is a city located in Silicon Valley with 

moderate trip demand and a small service area. Rocklin and Loomis are adjacent exurban communities 

northeast of Sacramento and together have a very large service area but very low trip demand. These 

communities’ wide-ranging demand densities and operational contexts make them well-suited for our 

comparisons across modes.  

The microtransit case studies draw on real-world trip request data, service contracts, and publicly available 

operating information obtained through public records requests (35–39). Key measures of performance include 

rider wait time, rider on-board travel time, consolidation (i.e., trip-sharing) rates, total and per-trip operating 

costs, and driver wages. The level of service measures (rider wait and on-board travel times) were calculated 

separately for shared and unshared trips to highlight the effect of consolidating trips.  

As TNC operations under the proposed business plan do not yet exist, to evaluate the plan’s potential 

performance in the case study communities, we developed an agent-based simulation that models how a 

cooperative TNC might operate under the same demand and geographic conditions as the existing microtransit 

systems. The simulation uses actual microtransit trip data as input; however, the simulation models driver 

supply and assignment decisions according to the logic of our proposed business plan.  

The simulation model draws on several key inputs to mirror case study conditions as closely as possible. First, it 

incorporates the actual trip request patterns from each of the case study communities, using the same request 

times and pickup and drop off locations observed in the microtransit systems. Second, it estimates the baseline 

TNC driver supply using historical Uber data, which allows the model to represent the density and availability 

of drivers near each service area. Third, the model applies hourly speed distributions drawn from the 

microtransit data to assign realistic vehicle speeds at different times of the day throughout the simulation 

period. In addition, the simulation bases costs on community-specific parameters, including driver wages in 

nearby urban centers, TNC fare rates and platform fees, and per-kilometer fuel and maintenance expenses. 

Finally, the service manager’s incentive prices are calculated using formulas that estimate a driver’s distance to 

the pickup location since the service manager has only limited access to information about driver locations. 

Comparing the performance of actual microtransit systems against that of simulated TNC partnerships enables 

a fair and controlled evaluation of levels of service and costs. By using identical trip demand and only varying 
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operations and pricing, we isolate the implications of using cooperative TNCs in place of microtransit. The 

simulation model and parameters are described in greater detail in Appendix B.  

Metric for Choosing Between On-Demand Modes 

While simulation is a powerful tool for evaluating service designs, it is often too complex and time-consuming 

to use routinely, particularly if the details have not been finalized. To address this, the final phase of this study 

focused on using the results of the simulation to create a simple, design-independent metric to help planners 

decide (without simulation) whether microtransit or a TNC partnership is more appropriate given the 

community’s characteristics. 

The metric, denoted 𝜌,  is based on two easily accessible community characteristics: trip demand (how many 

rides are requested per hour) and average on-board travel time (how long those rides take). The product of 

these two variables, which corresponds to the number of requests that arrive while a rider is en route to her 

destination, serves as a measure of a community’s potential to group trips via microtransit. High trip 

consolidation potential favors microtransit, where economies of scale can significantly lower costs. In contrast, 

communities with low consolidation potential may be better served by TNC service. The metric’s value at the 

boundary between the two regimes was determined by finding the Pareto frontier of the performance (cost) 

curves for microtransit and the simulated TNCs.  

The metric was tested against the simulation model and then applied to California communities beyond the 

three case studies, namely, other communities that currently have microtransit, and communities that are 

currently underserved by public transit. A regression model was developed to estimate the metric in places that 

lack operational data. The model uses population density and service area size as proxy measures for trip 

demand and on-board travel time, respectively. This allows the metric to be applied at any scale, even in areas 

where transit service does not yet exist. Appendix C provides further information about the development of 

the metric and regression model.  



 

 

Partnering with Transportation Network Companies to Serve Low-Density Communities  17 

 

Results 

This section compares existing microtransit services and simulated TNCs for each of the three case study 

communities: West Sacramento, Cupertino, and Rocklin/Loomis. The key findings from these comparisons are 

then synthesized into a simple, discriminating metric that describes a community’s potential to consolidate 

trips via microtransit. The metric is used to determine when TNCs become a more economical option than 

microtransit. The metric is then applied to numerous California communities to identify where TNC 

partnerships would likely improve on-demand transit.  

Case Study Comparisons 

Outcomes are evaluated in terms of both level of service and the monetary cost to the community. Expected 

earnings for drivers, the TNC, and the service manager are also duly considered.  

Costs and earnings are presented as a range to capture low and high pricing scenarios. Because TNC fares are 

dynamically priced, contract terms with the TNC may vary, and the service manager’s salary expectation is 

uncertain, each pricing scenario reflects a plausible best-case or worst-case outcome. Together, they provide an 

estimated interval representing pricing variability. Scenario parameters are based on observed real-world 

values (see Appendix B.1 for details). 

West Sacramento 

West Sacramento’s microtransit system, operated by Via, serves approximately 445 trips per day. Over half of 

these (56%) were shared, or consolidated, trips thanks to the city’s large service area and high demand. As 

shown in Table 1, consolidated trips resulted in longer rider wait and travel times, consistent with the detours 

required to pick up and drop off multiple passengers. In comparison, the simulated TNC partnership in West 

Sacramento offered improved levels of service, with average rider wait times 20% shorter across all trips. On-

board travel times via TNC remained nearly identical, even though TNCs did not consolidate trips. It seems that 

West Sacramento’s microtransit service prioritizes consolidating trips that minimally impact on-board riders. 

For example, a trip that adds very little distance to a vehicle’s current route might be prioritized over earlier 

requests that require lengthy detours. This sort of operating policy would cause longer wait times but result in 

shorter on-board travel times. 
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Table 1. Level of Service Comparison – West Sacramento. 

 Measured Microtransit Simulated TNCs 

 
All Trips 

Consolidated 

Trips 

Unconsolidated 

Trips 

All 

Trips 

Consolidated 

Trips 

Unconsolidated 

Trips 

Average rider 

wait time 

(minutes) 

15.43 16.84 13.65 12.34 13.54 10.84 

Average rider 

on-board 

travel time 

(minutes) 

11.05 13.36 8.13 10.99 13.26 8.13 

However, as shown in Table 2, the TNC partnership imposed significantly higher costs on West Sacramento’s 

local government than the existing microtransit system due to the community’s ability to consolidate trips. 

Thanks to the high demand and large service area, microtransit was able to achieve economies of scale to 

reduce its per-trip cost as demand increases. Conversely, the TNC’s costs increase linearly with demand and the 

large service area worked against this, as TNC fares are largely distance-based. Although driver wages improved 

substantially under the TNC partnership, the increase in community costs meant that the TNC partnership 

would not be a Pareto improvement for West Sacramento.  

Table 2. Cost and Earnings Comparison – West Sacramento. 

 Measured Microtransit Simulated TNCs 

Average total daily cost  $8,207 $13,399–$17,968 

Average cost per trip  $18.44 $30.11–$40.38 

Average driver net hourly wage  $22 $39.22 

Average TNC revenue per driver-hr -- $23.83–$47.66 

Average service manager commission per 

trip  
-- $0.77–$1.54 

Cupertino 

In Cupertino, the Via-operated microtransit system averaged 112 trips per day with only 21% of trips 

consolidated. Short trip distances in the small service area made consolidation difficult and less effective. As 

shown in Table 3, consolidated trips again resulted in noticeably longer wait and on-board travel times for 

riders. The simulated TNC partnership in Cupertino substantially improved riders’ levels of service, reducing 
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wait and on-board travel times by approximately 17% and 18%, respectively.  These were reduced across both 

consolidated and unconsolidated trips. 

Table 3. Level of Service Comparison – Cupertino. 

 Measured Microtransit Simulated TNCs 

 All 

Trips 

Consolidate

d Trips 

Unconsolidate

d Trips 

All 

Trips 

Consolidated 

Trips 

Unconsolidated 

Trips 

Average rider 

wait time 

(minutes) 

10.35 11.54 10.03 9.12 9.57 8.99 

Average rider 

on-board travel 

time (minutes) 

8.38 10.82 7.71 7.96 8.86 7.71 

Table 4 shows that switching from microtransit to a TNC partnership would result in cost reductions ranging 

from 21% to 44%, depending on the pricing scenario, largely because of Cupertino’s small service area. Its 

small size leads to shorter trip lengths, which makes it difficult for microtransit to consolidate trips. As a result, 

Cupertino pays for a (very expensive) microtransit service that tends to serve individual trips. In this instance, 

the short trip lengths make the TNC’s distance-based fares low, rendering it the lower cost option. Drivers also 

benefit under the TNC partnership, earning 4% more than TNC drivers in the nearby urban area of San Jose, 

and more than double what drivers for Cupertino’s microtransit system earn.  

Table 4. Cost and Earnings Comparison – Cupertino. 

 Measured Microtransit Simulated TNCs 

Average total daily cost  $5,555 $3,095–$4,388 

Average cost per trip  $49.60 $27.63–$39.17 

Average driver net hourly wage  $22 $44.63 

Average TNC revenue per driver-hr -- $28.76–$57.52 

Average service manager commission per 

trip  

-- $3.56–$7.12 

The data indicate that a TNC partnership in Cupertino could make all stakeholders better off. This includes the 

local government, which would benefit from substantially lower costs. The key factor is Cupertino’s small 
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service area, which makes trips shorter and more difficult for microtransit to consolidate. Switching to a TNC 

partnership would be Pareto improving in Cupertino.  

Rocklin/Loomis 

Rocklin/Loomis had the lowest demand of the three case studies, with only 27 trips served per day. Despite the 

low demand, microtransit consolidated 36% of trips. This moderate consolidation rate was likely aided by the 

fact that Rocklin/Loomis’ microtransit service allows trips to be booked on-demand or reserved in advance. 

Advanced notice gives the operators greater lead time to more optimally schedule and route trips. From a level 

of service comparison, however, the simulated TNCs still significantly improved rider wait times by 

approximately 17%. On-board travel time improvements were smaller, likely due to the reserved trips helping 

improve microtransit’s routing. Results from the level of service comparison are presented in Table 5. 

Table 5. Level of Service Comparison – Rocklin/Loomis. 

 Measured Microtransit Simulated TNCs 

 All 

Trips 

Consolidated 

Trips 

Unconsolidated 

Trips 

All 

Trips 

Consolidated 

Trips 

Unconsolidated 

Trips 

Average rider 

wait time 

(minutes) 

23.78 26.14 22.16 21.72 22.38 21.28 

Average rider 

on-board 

travel time 

(minutes) 

17.87 21.68 15.25 17.20 20.04 15.25 

The cost per trip under the simulated TNC partnership was relatively high. Three factors contribute to this. 

First, the large service area leads to longer trip distances, which increases TNC fares. Second, Rocklin/Loomis 

has the fewest number of available TNC drivers nearby, due to its distance from the nearest urban center 

(Sacramento). As a result, pick-up distances are greater, resulting in increased driver incentives and TNC 

bonuses. Third, because of Rocklin/Loomis’ low demand, the service manager commission must also be very 

high (comprising 25–35% of the per-trip costs) to reach a desirable annual salary. That said, the TNC costs are 

still lower than those of microtransit, reducing the community’s costs by 9–37%, depending on the pricing 

scenario. Other cost and earnings measures are presented in Table 6.  
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Table 6. Cost and Earnings Comparison – Rocklin/Loomis. 

 Measured Microtransit Simulated TNCs 

Average total daily cost  $2,527 $1,585–$2,304 

Average cost per trip  $93.36 $58.70–$85.33 

Average driver net hourly wage  $23.15 $39.94 

Average TNC revenue per driver-hour -- $18.16–$36.32 

Average service manager commission per 

trip  
-- $14.80–$29.60 

Switching from microtransit to a TNC partnership in Rocklin/Loomis would leave stakeholders better off, 

though a high pricing scenario would only lower the local government’s costs by 9%. Riders would receive a 

better level of service and drivers would earn nearly double what microtransit drivers earn (and 2% more than 

what TNC drivers in Sacramento earn). Hence, switching from microtransit to a TNC partnership would be a 

Pareto-improving decision for Rocklin/Loomis.  

Planning Metric 

A key outcome of this study is the formulation and application of a simple, design-independent metric to help 

planners determine whether a community would be better served by microtransit or a TNC partnership. The 

metric, denoted 𝜌, describes the number of new trip requests that arrive while a typical rider is on board a 

vehicle traveling to her destination. This metric is closely related to a community’s potential for consolidation 

via microtransit. It is calculated as the product of the average rate of demand and the average rider on-board 

travel time. A higher value of 𝜌 implies a community has a greater potential to consolidate trips, making 

microtransit more cost-effective. Conversely, low 𝜌 values suggest a community has limited consolidation 

potential, favoring TNC partnerships. 

Applying this metric to the three case study communities revealed a strong relationship between 𝜌 and the 

average cost per trip for microtransit services. As shown in Figure 3, communities with higher values of 𝜌, such 

as West Sacramento, achieved substantially lower per-trip costs. In contrast, Cupertino and Rocklin/Loomis, 

with lower values of 𝜌, experienced higher costs due to limited trip consolidation. This finding confirms that 𝜌 

serves as a strong indicator of consolidation, and thus a community’s suitability for microtransit. 
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Figure 3. Microtransit performance curve (per-trip cost vs metric). 

To establish a criterion for identifying low consolidation communities where TNC partnerships would work 

best, performance curves were generated by testing the simulated TNCs in each case study community under a 

range of demand levels (from 10% to 100% of actual demand). These curves are presented in Figure 4 

alongside the microtransit performance curve, with curves derived from simulations under a low pricing 

scenario presented in Figure 4a and those from a high pricing scenario presented in Figure 4b. The point 

where the performance curves intersect defines a boundary value of the metric, 𝜌𝑏, beyond which microtransit 

becomes the more cost-effective option. Under a low pricing scenario, this boundary value was identified as 

𝜌𝑏= 2.0 requests per average on-board time, and under a low pricing scenario, 𝜌𝑏= 1.1 requests per average on-

board time. 

 

Figure 4. Performance curves for microtransit and simulated TNCs. 
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To identify where TNC partnerships could likely save communities money, the metric was applied to 46 

California communities that currently have microtransit systems. For a conservative estimate, the high pricing 

scenario was assumed, making the cost-equivalence boundary 𝜌𝑏 = 1.1 requests per average on-board time. 

Among the communities with microtransit, 24 had 𝜌 values below the boundary, suggesting that TNC 

partnerships could deliver comparable (or better) service at a lower cost. These communities are indicated in 

Figure 5 with a “T.” These results highlight that nearly half of the microtransit systems currently in California 

may not be able to consolidate enough trips to be cost-effective. 

 

Figure 5. Locations of 46 communities with microtransit, including 24 that might be better served with 

TNC partnerships. 

To extend this analysis and see the potential market for TNC partnerships, the metric was estimated for 154 

California communities classified as currently underserved by public transit. Because detailed trip data were 

unavailable for these communities, the metric was estimated using population density and service area size as 

proxy variables. The resulting estimates showed that 78 of the 154 underserved communities had predicted 

𝜌 values below the boundary and thus would likely find TNC partnerships more economical than microtransit. 

The 78 communities are indicated in Figure 6 with a “T.” Importantly, this result does not imply that TNC 

service would be inexpensive or universally affordable for all of these communities, but rather that it would be 

more economical than microtransit. 
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Figure 6. Locations of 78 underserved communities that are suitable for partnering with a TNC. 

  



 

 

Partnering with Transportation Network Companies to Serve Low-Density Communities  25 

 

Discussion and Conclusion 

This study offers new insights into how low-density communities can more effectively design TNC partnerships 

and evaluate on-demand transit service by comparing microtransit systems against cooperative TNCs. Through 

the crafting of a new business plan for cooperative TNC partnerships, case study comparisons against present-

day microtransit services, and the formulation of a metric for evaluating cost effectiveness, the present 

research can help low-density communities better plan their on-demand transportation services. 

Discussion of Results 

The study reveals that a carefully-crafted partnership with a TNC can offer significant advantages over 

microtransit in many low-density communities, particularly those where low demand or short trip distances 

limit opportunities for consolidating trips. While microtransit has been the default choice for many low-density 

communities, it is not universally effective. Its cost-efficiency depends heavily on trip consolidation, which 

many communities cannot achieve due to low demand or small service areas. Communities have resisted 

partnering with TNCs in the past due to their lack of transparency and limited opportunities for community 

control. These shortcomings have motivated many low-density communities to choose microtransit, even when 

TNCs are likely to be the better option.  

To address this concern, the present study introduced a new business plan for TNC partnerships that gives 

communities greater control over operations while ensuring that drivers and the TNC itself are suitably 

compensated for their cooperation. Central to this plan is a community-appointed service manager who 

collects trip requests through a custom smartphone application and sets and distributes financial incentives for 

drivers. In this way, the service manager can provide the community with greater access to trip-level data, 

operational control over local demand, and improved service.  

This new partnership plan was evaluated under real-world conditions and compared against existing 

microtransit systems using an agent-based model. The model was created to simulate cooperative TNC 

operations in three Northern California communities: West Sacramento, Cupertino, and Rocklin/Loomis. The 

results of the case study comparisons showed that TNC partnerships consistently outperformed microtransit 

on level of service measures (e.g., rider wait time and on-board travel time) and were more cost-effective than 

microtransit in two of the three communities. In these two communities, partnerships were shown to be 

Pareto-improving: all parties (riders, drivers, the TNC, and the community’s local government) would be at least 

as well off, if not better off, by switching to a TNC partnership. These findings point to a critical insight: trip 

consolidation is the key determinant of a community’s most cost-efficient on-demand transportation mode. 

When consolidation potential is low, TNCs likely offer the community less costly service. 

To support transit planning without the need for detailed analysis, the study also developed a simple, 

discriminatory metric, 𝜌, that expresses a community’s consolidation potential and is comprised of just two 
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variables describing a community’s service area: average hourly trip demand and average on-board travel time. 

A regression-based version of the metric using widely available proxy variables (population density and service 

area size) was created to support its application in communities lacking current transit data. Using a 

performance curve analysis, the value of the metric at the boundary where TNC and microtransit costs are 

equal was identified for use as a decision criterion when planning on-demand services.  

The metric was applied to 46 communities in California that currently operate microtransit. Outcomes suggest 

that over half of these communities might be better served by the proposed TNC partnership. When the metric 

was applied to 154 communities currently underserved by public transit, 78 were identified as strong 

candidates for TNC-based service. These results suggest that microtransit may currently be overused as an on-

demand mode and that there is a large untapped market for TNC partnerships. 

Future Research 

The present research has limitations that suggest directions for future work. First, one important extension 

would be to leverage the flexibility of the proposed business plan to accommodate participation from multiple 

TNCs or taxi providers. Currently, the business plan is reliant on a single TNC partner, which could result in 

monopolistic behavior during contract negotiations. Because local trip requests go through the service 

manager’s app and not through any one TNC’s platform, the community has flexibility in how it connects 

requests to a provider. This opens the door for presenting requests and incentives to multiple competing 

providers through a marketplace structure. Each provider could bid on trips, with competition driving down 

per-trip costs. Providing a user interface for the marketplace could further reduce the business plan’s reliance 

on API access and create opportunities for participation from smaller, less technology-enabled providers, such 

as local taxi companies or driver cooperatives.  

Second, several enhancements could be made to the simulation model to better reflect real-world complexities. 

For simplicity, several assumptions were made when designing the simulation model, such as randomly 

matching requests to available drivers, assuming all drivers share the same expected wage (based on their 

value of time), and assuming a baseline supply of available drivers exists near each service area. These 

assumptions are conservative; they err on the side of underestimating TNC level of service and overestimating 

its costs. However, future work could relax these assumptions to add realism and refine the performance 

estimates. Modifications could include implementing proximity-based matching between riders and nearby 

drivers or simulating wage-sensitive drivers who only accept trips if their compensation meets their value of 

time. An urgency bonus could be introduced that increases the value of the incentive over time, to ensure that 

unaccepted requests eventually get served by wage-sensitive drivers. The simulation could also account for 

limited driver supply in isolated communities by introducing idle time compensation by paying drivers to stay 

for long periods of time in areas they would otherwise find unprofitable.  

Third, the planning metric could be refined in several ways. One refinement would entail improving the 

microtransit performance curve by simulating different service area scenarios (if proprietary microtransit 
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operating algorithms are made available) or incorporating data from many additional microtransit systems. 

Another refinement would be to improve the regression-based version of the metric by training the regression 

model on a larger dataset that reflects a more diverse set of communities (as opposed to just those in 

California that currently have microtransit). Additional explanatory variables could also be added to the 

regression, reflecting the role that household income, access to major trip generators, or local government 

budgets have in dictating microtransit’s success. These refinements could enhance the metric's accuracy and 

broaden its applicability across different types of communities and service goals. 

Finally, the framework used for the overall mode comparison could be expanded from comparing only two on-

demand modes to include additional transit modes. While the present study focused on cost and level of 

service (as they are the most common measures of transit performance) future work could incorporate other 

community-relevant outcomes, such as greenhouse gas emissions, vehicle-kilometers traveled, user mode shift, 

access to employment, and social equity. Expanding the modal comparison in this way would ensure that 

cooperative TNC partnerships meet broader community goals in addition to efficiency. 

Policy Implications 

The findings from the present study carry several important policy implications for local governments, regional 

transportation agencies, and mobility service providers. 

1) With the right incentive structures and mechanisms in place, TNC partnerships are viable and often 

superior alternatives to microtransit in communities with low trip consolidation potential. These 

partnerships should be considered as a first-choice solution in such settings. Suitable settings can be 

identified using the planning metric developed in this study. 

2) The choice between microtransit and TNCs should be data-driven, not political. The metric introduced 

in this study provides a simple, accessible tool that can help planners identify the most cost-effective 

service type before committing significant resources. 

3) The proposed business plan for cooperative TNC partnerships can address common community 

concerns such as data access and transparency, control over local operations, and service reliability. A 

community-appointed service manager can align the interests of private companies with public goals. 

4) Strategic deployment matters. Neither TNC partnerships nor microtransit are one-size-fits-all 

solutions, and a greater emphasis should be placed on using each mode only in the communities where 

the mode excels. The metric formulated in this work provides a simple tool for TNCs and microtransit 

providers to identify these communities where their services are most likely to succeed, avoiding the 

reputational risks and extra community costs of failed pilots. 

5) Rural and underserved communities should not be left behind. With the right incentive structures in 

place, isolated communities can also be well served by TNCs. Cooperative partnerships provide an 

opportunity to expand access to mobility in places where fixed-route transit (and even microtransit) is 

less effective. 
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In conclusion, this study equips planners and policymakers with practical tools for improving on-demand 

transit through smarter partnership design and mode selection. With careful implementation, the approaches 

developed here can reduce costs, improve service quality, and bring equitable transportation to communities 

that need it most. 
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Appendix A: Stakeholder Incentive Formulas 

This appendix presents the incentive formulas that underpin the proposed TNC partnership. Each formula is 

designed so that every stakeholder — drivers, the TNC, the service manager — has a financial motive to 

cooperate. The goal is to align each stakeholder’s interests with the goals of the community while preserving 

equity and efficiency. 

A.1 Driver Incentives 

To attract drivers in high-demand areas to serve trips in a neighboring, low-density community, the service 

manager pays the driver an incentive. It guarantees that the driver’s net wage is at least equal to that available 

in the nearby high-demand (urban) area. 

Regular TNC Fare per Trip, 𝑭𝒅 ($/trip) 

𝐹𝑑 = (𝑓𝑚𝑖𝑛,    𝑓𝑏𝑎𝑠𝑒 +
𝑑𝑑

𝑣
⋅ 𝑓ℎ𝑟 + 𝑑𝑑 ⋅ 𝑓𝑘𝑚)  #(𝐴. 1)  

● 𝑓𝑚𝑖𝑛:  Minimum fare ($/trip) 

● 𝑓𝑏𝑎𝑠𝑒 : Base fare ($/trip) 

● 𝑓ℎ𝑟: Time-based fare rate ($/hr) 

● 𝑓𝑘𝑚: Distance-based fare rate ($/km) 

● 𝑑𝑑: Distance to drop off rider (km) 

● 𝑣: Average vehicle speed (km/hr) 

Duration for a driver to complete a trip (i.e., pick up and drop off a rider), 𝑻 (hr) 

𝑇 =
𝑑𝑝 + 𝑑𝑑

𝑣
#(𝐴. 2)  

● 𝑑𝑝: Distance to pick up rider (km) 

Driver Fuel and Maintenance Cost per Trip, 𝑮 ($/trip) 

𝐺 = 𝛾 ⋅ (𝑑𝑝 + 𝑑𝑑)#(𝐴. 3)  

● 𝛾: Vehicle operating cost ($/km) 
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Minimum Driver Incentive, 𝑰𝒅 ($/trip) 

At a minimum, the driver incentive is set as the driver’s opportunity cost of working in the low-density 

community instead of a nearby urban area. 

𝐼𝑑 = [𝑊 ⋅ 𝑇 − (𝐹𝑑 − 𝐺)]+#(𝐴. 4)  

● 𝑊: Target hourly net wage (e.g., in nearby urban area) ($/hr) 

● [𝑥]+ = (0, 𝑥)  

A.2 TNC Incentive 

In addition to its share of the regular TNC fare, the TNC receives a per-trip bonus. It compensates the TNC for 

allowing a third-party service manager to oversee trip request collection, and to cover the opportunity cost to 

the TNC from allowing its drivers to work in a less profitable service area. 

TNC Bonus per Trip, 𝑰𝑻𝑵𝑪 ($/trip) 

𝐼𝑇𝑁𝐶 = 𝑞 ⋅ [𝑊 ⋅ 𝑇 − 𝐹𝑑]+#(𝐴. 5)  

● 𝑞: Negotiated fraction of the driver incentive (reflecting the TNC’s share of a driver’s opportunity cost) 

A.3 Service Manager Compensation 

The service manager is compensated through a per-trip commission and an annual bonus. The latter is received 

if the service manager facilitates all trips under a community budget. The bonus motivates the service manager 

to fulfill as many trip requests as possible, while doing so in cost-efficient ways. 

Service Manager per-trip Commission, 𝑪 ($/trip) 

𝐶 =
𝑌

𝐻 ⋅ 𝜆
#(𝐴. 6)  

● 𝑌: Target annual salary ($/year) 

● 𝐻: Operating hours per year (hr/year) 

● 𝜆: Average hourly demand (trips/hr) 

Annual Surplus Bonus, 𝑺 ($/year) 

𝑆 = 𝑝 ⋅ [𝐵 − 𝐻 ⋅ 𝜆 ⋅ 𝑍]+#(𝐴. 7)  

● 𝑝: Percentage of unspent funds awarded as bonus 

● 𝐵: Annual budget ($/year) 
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● 𝑍: Total per-trip cost ($/trip) 

𝑍 = 𝐹𝑑 + 𝐼𝑑 + 𝐹𝑇𝑁𝐶 + 𝐼𝑇𝑁𝐶 + 𝐶 + 𝑓𝑚𝑘𝑡#(𝐴. 8)  

● 𝐹𝑇𝑁𝐶 : TNC’s share of regular TNC fare ($/trip) 

● 𝑓𝑚𝑘𝑡 : State/local taxes and marketplace fees 
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Appendix B: Simulation Model and Parameters 

This appendix describes the simulation model used to evaluate the TNC partnership in each of the three case 

study communities. The simulation replicates rider demand, driver behavior, and incentive-based trip 

assignments to test whether the proposed business plan can outperform existing microtransit systems. 

B.1 Community-Specific Inputs 

Disaggregated trip request data from each case study community’s microtransit system are used as the basis 

for the agent-based TNC model. Simulated trip requests generate at the same time and locations as in the real-

world data. Simulated TNC vehicles travel at speeds drawn from empirical distributions (grouped by hour and 

day of week) created from the microtransit vehicle speeds (unconsolidated trips only). Several additional 

community-specific inputs are used in the simulation: 

● Estimates of available TNC driver supply , 𝜂 (drivers/km2-hr), were derived from 2019–2020 Uber data 

(40). Estimates were calculated by averaging the number of accepted trip requests per five-minute 

interval, divided over the area within which drivers are likely to respond to incentives. The latter was 

taken to be the circular area around each low-density community with radius equal to the community’s 

distance from the closest urban center. 

● TNC driver wages in nearby urban centers (Sacramento or San Jose), adjusted to 2024 dollars (41).  

● TNC fare parameters obtained from Uber’s 2024 fare estimator (42) 

Parameter values used in the simulation model are presented in Table B.1. 

Table B.1. Simulation inputs for each case study community 

Community 

TNC Driver 

Density, 𝜼 

(drivers/km2-

hr) 

Nearest 

urban 

area net 

wage, 𝑾 

($/hr) 

Minimum 

TNC fare, 

𝒇𝒎𝒊𝒏 

($/trip) 

Base TNC 

fare, 𝒇𝒃𝒂𝒔𝒆 

($/trip) 

Time-based 

fare rate, 

𝒇𝒉𝒓 ($/hr) 

Distance-

based fare 

rate, 𝒇𝒌𝒎 

($/km) 

West 

Sacramento 

0.047  39 6.46 1.96 8.40 0.53 

Cupertino 0.150 43 7.97 2.57 22.20 0.54 

Rocklin/Loomis 0.021 39 6.46 1.96 8.40 0.53 
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Several additional inputs were estimated to calculate the simulated TNC partnership costs. Fuel and 

maintenance costs were valued at $0.42/km (IRS 2024 rate) (43). Regular TNC fees, TNC bonus percentages, 

and the service manager salary were modeled under low-pricing and high-pricing scenarios. To capture dynamic 

TNC fare pricing (which varies by time of day, location, demand, and driver availability), the TNC’s share of the 

fare, 𝐹𝑇𝑁𝐶  , was set to the minimum and maximum platform fees observed on Uber’s fare calculator across the 

case study locations calculated at different times of day.  Variation is also likely for the TNC’s per-trip bonus 

percentage (𝑞) and the service manager’s annual salary (𝑌) as each depends on local conditions and contract 

negotiations. Value estimates were drawn from estimated TNC-driver revenue splits and salary ranges for 

comparable technical positions with local governments. Values for each pricing scenario are presented in Table 

B.2. 

Table B.2. Simulation cost inputs for low and high pricing scenarios. 

Parameter Low Pricing Scenario High Pricing Scenario 

TNC’s share of regular TNC fare, 

𝐹𝑇𝑁𝐶  

$7.50/trip $15/trip 

TNC’s bonus percentage, 𝑞 25% 50% 

Service manager salary, 𝑌 $125,000/year $250,000/year 

B.2 Simulation Logic 

Each simulation run proceeds chronologically through the microtransit trip request data. Each new request is 

offered to nearby available TNC drivers through a simulated service manager, along with an incentive. The 

latter is based on the distance that the driver must travel to pick up and drop off the rider.  In an ideal setting, 

the service manager would have access to drivers’ real-time locations and could calculate these distances 

exactly. However, due to the structure of the business plan, the service manager does not have access to the 

locations of idle drivers; the service manager only knows the number of drivers actively serving trips in the 

service area (𝐾).  

Thus, the service manager must set incentives by estimating drivers’ expected pick up distances. To do so, a 

small, but steady baseline supply of available TNC drivers are assumed to be available in and around the 

community’s service area. The service manager estimates the number of available drivers within the service 

area as 𝑁 = 𝜂 ⋅ 𝐴, where 𝐴 (km2) is the service area’s physical size and 𝜂 (drivers/km2-hr) is the driver supply 

density. We assume the number of drivers available in any 5-minute interval is approximately constant, making 

the rate a quantity over short durations of time (e.g., idle time between trips).   

The service manager estimates the expected pickup distance by comparing the actual quantity of drivers 

demanded (those serving trips) against the estimated supply of available drivers in the service area. If the 

actual quantity demanded is less than the estimated supply (i.e., 𝐾 < 𝑁), the service manager assumes there 
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are enough available drivers in the service area to match to a new trip request. In this case, the manager 

determines the expected pickup distance using: 

𝐸[𝑑𝑝
(1)

] =
2

3
√𝐴#(𝐵. 1)  

Equation (5.1) is the expected Manhattan distance between two random points uniformly distributed over the 

same square area. An example of a trip route for this case is shown in Figure B.1a. 

If the actual quantity of drivers demanded is at least as great as the available supply (i.e., 𝐾 ≥ 𝑁), the service 

manager assumes there are no available drivers within the service area. The service manager must instead 

attract an available driver from the surrounding region. The size of this concentric “driver attraction area” is 
𝐾+1

𝑁
⋅ 𝐴. Thus, the service manager estimates the pickup distance in this case using: 

𝐸[𝑑𝑝
(2)

] =
√𝐴(3 ⋅ (𝐾 + 1) + 𝑁)

6√(𝐾 + 1) ⋅ 𝑁
#(𝐵. 2)  

Equation (B.2) is the expected Manhattan distance between a random point in a larger, square area (the driver 

attraction area) and a random point in a smaller, concentric square area (the service area).  An example of a trip 

route for this case is shown in Figure B.1b. 

 

Figure B.1. Example TNC trip route in the simulation, with the following locations labelled: the driver’s 

location when matched with a rider (M), the rider’s pickup location (P), and the rider’s drop-off location 

(D). 
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All available drivers are assumed willing to accept the service manager’s incentives so long as their average net 

wage is at least as great as the net wages in a busier urban area nearby.  In other words,  drivers will accept 

requests if driver incentives are priced using Equation (A.4). To be conservative, the trip request is randomly 

assigned to an available driver within either the service or driver attraction areas, depending on the service 

manager’s evaluation of driver supply. The assigned driver serves the trip request at a speed drawn from the 

microtransit vehicle speed distribution for the corresponding hour and day of week of the request. The driver 

travels along the shortest Manhattan distance path from the matching location to the pickup location, and 

onward to the drop off location. 

After completing the trip, the driver receives compensation, the TNC collects its share of the fare revenue and 

a bonus, and the service manager earns a commission. To be conservative, idle drivers (i.e., those not currently 

assigned to or serving a trip request) do not circulate in the service area but immediately exit the area until the 

estimated baseline supply, 𝑁, is reached. 

B.3 Simulation Outputs and Evaluation 

For each simulation run, the following outputs are recorded: 

● Rider wait and on-board travel times 

● Total monetary cost of service per day and cost per trip 

● Average driver net wage 

● Average TNC revenue 

● Service manager commission  

For each case-study community, these results were collected across five simulation runs and then averaged. 

The average measures of performance from the simulation were then compared against those from each 

community’s existing microtransit system. This allows for an assessment of the proposed cooperative TNC 

partnership plan under real-world conditions. 
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Appendix C: Metric Estimation and Regression 

Model 

This appendix provides technical details on the development and estimation of the proposed design-

independent metric. The metric, denoted 𝜌 (requests per average on-board time), offers a simple way to 

estimate a community’s potential for trip consolidation, which in turn informs whether microtransit or a TNC 

partnership is likely to be more cost-effective. 

C.1 Metric Definition 

The metric is defined as: 

𝜌 = 𝜆 ⋅ 𝜏#(𝐶. 1)  

where: 

● 𝜆: average rate of trip request (trips/hr) 

● 𝜏: average time a rider spends on-board a vehicle during a trip (hr) 

Equation (C.1) gives the expected number of trip requests that arrive during a typical rider’s trip. Intuitively, 

this reflects the likelihood that a rider could share a vehicle with other riders, as trips can only be consolidated 

if other requests arrive while the rider is on board a vehicle. This formulation uses only two community-specific 

characteristics that can be derived from aggregate data. Therefore, 𝜌 can be calculated even before a service is 

designed or implemented. 

C.2 Approximating Metric with Proxy Variables 

In communities where on-demand trip data are not available (such as where transit service does not exist), one 

can estimate 𝜌 using the following proxies: 

● Population density, 𝜙 (people/km2), is used as a proxy for trip demand (𝜆) 

● The square root of the service area, √𝐴 (km), is used as a proxy for average trip time (𝜏) 

These proxies were chosen as they reflect empirical findings in the transportation literature linking population 

density to demand (44) and spatial models relating trip length to the square root of the service area (45). 
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We use linear regression to estimate the relation between 𝜌 and the two proxy variables, 𝜙 and √𝐴. A log-log 

functional form is chosen, as the predictors exhibit a multiplicative relationship and span several orders of 

magnitude (46). The transformed regression model is:   

𝑙𝑜𝑔 𝑙𝑜𝑔 (𝜌̂)  = 𝛽̂
0

+ 𝛽̂
1

𝑙𝑜𝑔 𝑙𝑜𝑔 (𝜙) + 𝛽̂
2

𝑙𝑜𝑔 𝑙𝑜𝑔 (√𝐴)   #(𝐶. 2)  

The model was estimated using data from 46 California communities that currently operate microtransit 

services. Table C.1 below summarizes the regression output: 

Table C.1. Coefficients for the regression model that estimates the metric using proxy variables. 

 Coefficient Std Error t P > |t| 0.025 % 0.975 % 

𝛽̂0 -9.8521 1.281 -7.691 0.000 -12.431 -7.274 

𝛽̂1 0.8746 0.160 5.466 0.000 0.553 1.197 

𝛽̂2 1.8071 0.240 7.531 0.000 1.324 2.290 

The model was statistically significant (F(2,46) = 40.70, p < 0.001) and explained 64% of the variance in 𝜌, with 

an adjusted R² = 0.623. 

The coefficient estimates imply that 𝜌 is approximately proportional to the product of population density and 

service area size: 

𝜌̂ ∝ 𝜙𝐴#(𝐶. 3)  

This suggests that the total population of a community may be a strong underlying driver of its consolidation 

potential, regardless of the specific layout of the service area. However, because the model was estimated 

using only data from communities that already operate microtransit, there may be some selection bias.  

C.3 Evaluating Communities with the Metric 

Estimating 𝝆 in communities with microtransit 

For communities that currently have microtransit, the metric 𝜌 was calculated directly using average hourly 

demand (𝜆) and average travel time (𝜏).  

These communities were selected based on criteria such as supporting smartphone-based on-demand requests 

and operating within a defined service area. Communities where services were exclusively reservation-based, 

first-mile/last-mile only, or checkpoint-based were excluded. 
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When demand or travel time data were unavailable: 

● Hourly demand was estimated from monthly or annual ridership divided by total operating hours 

(obtained from publicly-available community sources). 

● On-board travel time was estimated using average trip distances and an assumed vehicle speed of 30 

km/hr (the average vehicle speed across the three case study communities). 

● If average trip distance was also unavailable, it was estimated using the formula: 

𝐸[𝑑𝑑] =
2

3
√𝐴#(𝐶. 4)  

where 𝐴 is the service area size in km2. 

Estimating 𝝆 in communities underserved by public transit  

Communities were classified as being underserved by public transit if the average weekday morning peak 

headway in a one kilometer radius centered on the community’s downtown was greater than 60 minutes. This 

headway was selected as it is typically associated with a failing level of service (47). The TransitLand API was 

used to calculate average weekday morning peak headway for each California municipality (48). Out of 

California’s 483 municipalities, 154 were classified as underserved by public transit.  

Several of these communities have a population density that is high enough to support future fixed-route 

transit service (greater than 3000 people/mi2, or 1159 people/km2) (49, 50). To avoid recommending TNC 

partnerships to communities where fixed-route transit could be viable, communities with a density above this 

threshold were not considered. 

Because of their lack of public transit service, direct demand and on-board travel time data were not available. 

Instead, 𝜌 was estimated for each community using proxy values, population density (𝜙) and the square root of 

the service area (√𝐴), in the regression model in Appendix C.2. Wikipedia was used to find the values of these 

proxies for each community. The community’s area was assumed to be the service area.   
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