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A Brief Summary
• We measure the benefits of ride-hailing services to urban travelers using data from
the SF Bay area (SF) where Uber launched its first ride-hailing services in 2010.
• We take the following steps to estimate those benefits because ride-hailing data are
mixed with taxi data. We estimate total benefits with and without Uber in different
periods and then take the difference.
• estimate a transport mode choice model of SF travelers under the 2016-2017
transportation market environment (with Uber/Lyft services);
• calibrate the choice model to replicate the 2008-2009 market outcomes before
the existence of Uber services; and
• run counterfactual simulations to estimate benefits without Uber and then
compare those benefits with the estimated benefits with Uber available.
• Benefits of ride-hailing services to SF Bay Area travelers amount to about $1
billion annually, suggesting that an estimate that accounts for all U.S. cities with
ride-hailing services is in the $ billions. Note: derived demand benefits.

Institutional Background
• The ride-hailing economy has grown rapidly since Uber launched its first on-demand car service called
‘UberCab’ in San Francisco in 2010.
• The ride-hailing economy consists of three agents: passengers (demand), drivers (supply), and
transportation network companies (TNCs) such as Uber or Lyft which provide a matching platform
between demand and supply via a smart-phone application.
• Major features of ride-hailing services compared with traditional taxi services:
• There are no regulations on the supply side.
• Operations are driven by “big-data” and algorithms. As a result, services are transparent, convenient and tailored to
heterogeneous preferences.

• As of 2019, Uber provides services to 14 million riders each day in more than 600 cities of 65 countries.
Lyft provides also services to 1 million riders per day in 300 US cities and 2 Canadian cities.

Related Literature on Measuring the Impacts
of ride-hailing services
• Effects of ride-hailing services on labor market (Cramer and Krueger 2016,
Angrist, Caldwell, and Hall 2017; Hall and Krueger 2018)
• Effects of ride-hailing services on taxi-cab services (Cramer and Krueger
2016; Chang 2017; Kim, Baek, and Lee 2018)
• Effects of ride-hailing services on consumer welfare:
• Improvement in service quality of private transportation services (Chang 2017)
• Expansion of geographic coverage of taxi drivers caused by increasing competition
(Kim, Baek, and Lee 2018).
• Consumer surplus gain from UberX derived from price-elasticities identified based on
a RDD approach; gains of $2.9 billion in 2015 in 4 US cities. (Cohn et al. 2016).
Other modes are not considered in their study, suggesting inflated surplus gains.

Research Design – Define study area and
transportation markets
• Study area: the 9 counties in San Francisco
(SF) bay area

• Transportation markets within the study area:
we divide the study area into one mile by one
mile mutually exclusive grids (zones). In total
there are 6,530 grids. Transportation markets
include OD pairs within a zone and ones
connecting two zones.

Figure 1. San Francisco Bay area as the study area

Research Design – Obtain information of Uber services on the
transportation markets
• Data on Uber services: with the
assistance of Uber engineers, we
collected information on trips using
Uber services in August of 2016 on
the transportation markets within the
study area.
• From the Uber data we are able to
construct the average time and fare of
using Uber services in a market

Table 1. Examples of Uber Data: Uber trips on a zone pair

Research Design – Obtain information on mode choices of
travelers with and without Uber available to estimate gains
• National Household Travel Survey (NHTS)

• A random digit dialing household survey conducted by the Federal Highway Administration
• Containing information on daily trips made by members in the chosen households. The
information of a trip includes time of day, locations of origin and destination, trip purpose,
mode of transportation and vehicle occupancy.
• The trip data are linked with household vehicle characteristics and rich socio-demographic
characteristics of both household and individual household members who made the trips.

• The 2009 NHTS survey was conducted in the period from March 2008 to March
2009, which is before Uber launched its services in SF.
• Containing 3460 households living in the study area and 28,916 trips in the markets

• The 2017 NHTS survey was conducted in the period from April 2016 to April
2017, in which ride-hailing services had already existed for many years.
• Containing 3408 households and 24,585 trips in the markets

Research Design – steps to quantify welfare
gain to travelers from Uber
• Step 1: Use the 2017 NHTS data to estimate a transport mode choice model
when ride-hailing services exist in SF bay area markets
• Step 2: Use the 2009 NHTS data to construct the counterfactual scenario in
which ride-hailing services do not exist.
• Step 3: Calibrate the estimated choice model to replicate the market
outcomes of the counterfactual scenario
• Step 4: Calculate consumer surplus in the counterfactual and base scenarios
respectively and compare their difference

Research Design – Construct the choice set of travelers in
the 2017 NHTS data using Google maps API
• In the 2017 NHTS data we observe choices made by travelers but not the choice set faced by them.
Choice set varies across markets because availability of transport options varies across markets.
• For each trip in the 2017 NHTS data, we use Google Maps API to obtain transport alternatives
along with their attributes (time, distance, and fare for public transport options) based on the
longitudes and latitudes of the origin and destination of the trip.
• Google Maps API data were collected twice – the first two months in 2017 and March – July of 2019.
• The time period of the first batch coincides with the one of the 2017 NHTS, but we did not know the
exact locations of trips contained in the 2017 NHTS data, which were published in 2018, in collecting
the first batch. We used the centroids of the zones to form OD pairs in collecting the first batch.
• We use the exact locations of trips in the NHTS to collect the second batch and check the validity of the
data in estimating the choice model by comparing the difference between the two batches in overlapped
markets. We find that the traffic conditions in SF bay area markets were quite stable between 2017 and
2019.

An Example of Google Maps API Data

1. Driving: 20mins / 25mins in traffic

2. Public Transit: 45mins / $3.00

3. Walking: 1hour 42mins

4. Bicycling: 35mins

Data Summary: Spatial distribution of trips in the 2017 NHTS data

Origin Zones

Destination Zones

Data Summary: Spatial distribution of trips by mode in the 2017 NHTS data

(a) Car Hire Origin

(b) Car Hire Destination

(c) Driving Origin

(d) Driving Destination

(e) Public Origin

(f) Public Destination

Data Summary: Comparing mode shares in 2009 and 2017 NHTS
2009

Mode

2017

# of Trips

Share

# of Trips

Share

(Sub Total)

23,477

81.19

18,055

73.43

Car

14,548

50.31

11,561

47.02

SUV

4,381

15.15

4,000

16.27

Pickup Truck

1,871

6.47

1,028

4.18

2,677

9.26

1,466

5.96

Car Hire

Van
Taxi/TNC (Uber,Lyft in
2017)

20

0.07

221

0.90

Public

(Sub Total)

591

2.04

1,071

4.35

Public Bus

423

1.46

636

2.58

Subway

168

0.58

435

1.77

Bicycling

431

1.49

480

1.95

Walking

3,932

13.60

4,448

18.09

Other

465

1.60

310

1.26

Total

28,916

100

24,585

100

Driving

Data Summary: A Breakdown of Market Shares in 2017 NHTS by OD
Distance
>= 2 miles
Mode

< 2 miles

# of Trips

Share

# of Trips

Share

(Sub Total)

9,482

87.67

8,573

62.27

Car

6,127

56.65

5,434

39.47

SUV

2,035

18.81

1,965

14.27

Pickup Truck

563

5.21

465

3.38

Van

757

7

709

5.15

Taxi

Taxi/TNC (Uber, Lyft)

123

1.14

98

0.71

Public

(Sub Total)

827

7.65

244

1.76

Public Bus

445

4.12

191

1.38

Subway

382

3.53

53

0.38

Bicycling

132

1.22

348

2.53

Walking

41

0.38

4,407

32.01

Other

211

1.96

99

0.72

Total

10,816

100

13,769

100

Driving

Data Summary: Summary Statistics of Uber Trips

UberX

UberPOOL

Obs.

Mean

S.D.

Min

Max

Fare (USD)

14,342

16.27

10.64

4.75

110.82

Duration
(min)

14,342

17.35

10.08

1.67

92.33

Distance
(mile)

14,342

5.33

5.19

0.03

46.81

Fare (USD)

12,868

10.89

5.74

4.27

68.2

Duration
(min)

12,868

20.38

10.22

2

75.5

Distance
(mile)

12,868

4.99

3.64

0

38.18

Data Summary: Geographic coverages of Car Hire (NHTS data) and
Uber (data from Uber) are different

Uber Origin Zones

Car Hire Origin Zones

Uber Destination Zones

Car Hire Destination Zones

Specifying the Choice Set
• The complete choice set in a market is:
Ω=

walking, bicycling , public transport, driving, car hire services
Non−vehicle Nest

Remarks:
• The choice set varies across markets.
• The choice set varies across travelers depending on:
• Car ownership of a household
• A valid driver license of a traveler
• Trip purpose
• Public transport includes bus, subway and the combination of the two. Fare of a trip using public
transport is the aggregate fare of using bus and/or subway in the trip.
• Private car services include taxi cab services (taxi, limo) and ride-hailing services. The NHTS
data do not distinguish between those services.
• We tried other nested structure, but we cannot reject the current specification.

Construct Monetary Costs of Alternatives
• Among the alternatives in the choice set, we can obtain monetary cost of public transportation of
an origin-destination (OD) pair from Google.
• We construct the average monetary cost of driving using cost-per-mile information calculated by
American Automobile Association (AAA); the unit cost is 55cents/mile.
• The fare of private car services in an OD pair served by Uber is the corresponding Uber fare in the
Uber data. The fare is the taxi cab fare in an OD pair without Uber services.
• The 2017 Transportation Decision Survey (TDS) conducted by the SF Municipal
Transportation Agency (SFMTA) shows that the ratio between ride-hailing riders and cab
riders in the bay area is 9:1.
• Uber coverage is determined by the Uber trip information in the Uber data.
• Taxi cab fare is calculated based on the common pricing policy adopted the major cab firms in
SF bay area. Cab fare is determined by distance, waiting and delay time (obtained from
Google Maps)

The Choice Model with Random Parameters to
Allow for Preference Heterogeneity
Individual 𝑖′𝑠 utility of choosing alternative 𝑗 for trip 𝑡 is:
𝑢𝑖𝑗𝑡 = 𝑐𝑖𝑗 + 𝛼𝑖 fare𝑗 + 𝛽𝑖 duration𝑗 + 𝜂𝑖 1 𝑗 ∈ walking, bicycling

𝑗

+ 𝜀𝑖𝑗𝑡

𝑐𝑖𝑗 = 𝑍𝑖ℎ 𝛌
𝛼𝑖 ~𝑁 𝑍𝑖ℎ 𝛉, 𝜎 2

𝛽𝑖 ~𝑁 𝑍𝑖ℎ 𝜗, 𝜒 2
𝜂𝑖 ~𝑁 0, 𝜔2
𝑍𝑖ℎ : a vector of socio−demographic variables of individual and household

Rich Socio-Demographic Information Contained in the
2017 NHTS Data
Individual level
age
age2
Driver license
College
Graduate
Head
Female
Asian
Black
Hispanic
Part time
Professional
Sales
Construction
Good Health
Bad Health
Non US
Household level
Rent
Household Size
Household Vehicles
High Income
Frequent Smart Phone User
Number of drivers
Young child
Distance

age
squared term of age
1 if the individual has a driver's license; 0 otherwise
1 if some college or associates degree or hachelor's degree; 0 otherwise
1 if graduate degree or professional degree; 0 otherwise
1 if household-head; 0 otherwise
1 if female; 0 otherwise
1 if Asian; 0 otherwise
1 if black or African American; 0 otherwise
1 if Hispanic; 0 otherwise
1 if part-time worker; 0 otherwise
1 if professional, managerial or technical job; 0 otherwise
1 if sales or service job; 0 otherwise
1 if manufacturing, construction, maintenance or farming job; 0 otherwise
1 if opinion of health is `very good' or `excellent'; 0 otherwise
1 if opinion of health is `fair' or `poor'; 0 otherwise
1 if not born in United States; 0 otherwise
1 if home ownership is a type of rent; 0 otherwise
Count of household members
Count of household vehicles
1 if household income from $125,000 or more; 0 otherwise
1 if `daily' smartphone use to access the internet; 0 otherwise
Number of drivers in household
Count of persons with an age between 0 and 4 in household
Straight line distance from origin coordinates to destination coordinates (unit: mile)

The Log-Likelihood to Estimate Mixed Logit
Panel Data Choice Model
Let 𝑦𝑖𝑗𝑡 = 𝑗𝑡 , 𝑗𝑡 ∈ Ω denote 𝑖′𝑠 choice for trip 𝑡, 𝑇𝑖 denote the number of trips
made by 𝑖 , the joint conditional choice probabilty is:
𝑇𝑖

Pr 𝑦𝑖𝑗1 = 𝑗1 , 𝑦𝑖𝑗2 = 𝑗2 , ⋯ , 𝑦𝑖𝑗𝑇𝑖 = 𝑗𝑇𝑖 ȁΓ𝑖 ≡ 𝛼𝑖 , 𝛽𝑖 , 𝜂𝑖

=ෑ
𝑡=1

exp 𝑢𝑖𝑗𝑡
σ𝑗 ′∈Ω exp 𝑢𝑖𝑗𝑡

The un−conditional joint choice probability is:
𝐿𝑖 𝛌, Θ ≡ Pr 𝑦𝑖𝑗1 = 𝑗1 , 𝑦𝑖𝑗2 = 𝑗2 , ⋯ , 𝑦𝑖𝑗𝑇𝑖 = 𝑗𝑇𝑖
𝑇𝑖

= නෑ
Γ𝑖 𝑡=1

exp 𝑢𝑖𝑗𝑡

σ𝑗 ′∈Ω exp 𝑢𝑖𝑗𝑡

𝜌 Γ𝑖 ; Θ 𝑑Γ𝑖
𝑁

and the log data likelihood is: ln𝐿 𝛌, Θ =  ln 𝐿𝑖 𝛌, Θ
𝑖=1

Consumer Welfare
Consumer welfare is calculated by the log-sum rule in Choi and Moon
(1997):



CS 
ln expvijt i   i ; di



i
i 1  t 1  j

where
N

Ti

  
1

i

τi : individual' s marginal utility of income derived from the Roy' s identity
νijt : the systematic part of the random utility function

Baseline Estimation Results
Variables
Fare
Fare x work trip
Fare x shopping trip
Fare x household size
Fare x high income
Fare x household size x high income
Fare x frequent smart-phone user
Std. dev. of fare coefficient
Duration
Duration x professional
Duration x work trip
Duration x shopping trip
Duration x household size
Duration x young child
Std. dev. of duration coefficient
Non-vehicle dummy
Std. dev. of non-vehicle coefficient
Walking
Public transportation
Car hire services
Interactions between alternative constants and socio-demographic variables included?

Estimates
-0.526 (0.071)
-0.005 (0.013)
-0.109 (0.024)
-0.055 (0.021)
-0.104 (0.072)
0.034 (0.022)
-0.031 (0.052)
0.370 (0.017)
-0.372 (0.014)
0.042 (0.006)
0.004 ((0.004)
-0.070 (0.007)
-0.015 (0.002)
-0.011 (0.012)
0.178 (0.007)
-3.449 (0.897)
2.635 (0.115)
7.227 (0.742)
-0.317 (0.723)
-9.081 (2.430)
YES

Estimation Results on Markets with and without Uber Coverage
Variables
Fare
Fare x work trip
Fare x shopping trip
Fare x household size
Fare x high income
Fare x household size x high income
Fare x frequent smart-phone user
Std. dev. of fare coefficient
Duration
Duration x professional
Duration x work trip
Duration x shopping trip
Duration x household size
Duration x young child
Std. dev. of duration coefficient
Non-vehicle dummy
Std. dev. of non-vehicle coefficient
Walking
Public transportation
Car hire services
Interactions between alternative constants and socio-demographic variables included?

With Uber
Coverage
-0.486 (0.145)
-0.006 (0.029)
-0.099 (0.035)
-0.056 (0.034)
-0.083 (0.109)
0.024 (0.041)
0.250 (0.134)
0.309 (0.031)
-0.252 (0.024)
0.001 (0.018)
0.011 ((0.012)
-0.054 (0.014)
-0.003 (0.007)
-0.017 (0.025)
0.119 (0.011)
-8.582 (2.421)
1.793 (0.181)
11.285 (2.275)
-0.023 (1.308)
-4.822 (2.968)
YES

Without Uber
Coverage
-0.471 (0.068)
-0.007 (0.018)
-0.084 (0.037)
-0.039 (0.018)
-0.130 (0.065)
0.066 (0.021)
-0.302 (0.069)
0.447 (0.024)
-0.415 (0.021)
0.025 (0.007)
0.003 (0.005)
-0.072 (0.009)
-0.012 (0.004)
-0.018 (0.011)
0.205 (0.010)
-2.662 (1.070)
3.071 (0.155)
6.419 (0.848)
-0.961 (0.992)
-32.840 (9.394)
YES

Remarks on Estimations
• The median value of time (VoT) in the 2017 NHTS data is about $42 per hour, close to the median
hourly wage in the Bay Area. The median VoTs are about $30 and $53 per hour in geographic
markets that were and were not covered by Uber in 2017 respectively. As mentioned, 40% of the
car-hire trips (221 in total) are on the markets without Uber coverage and majority of riders would
choose Uber/Lyft when ride-hailing services are available. The results imply that facing
competition of Uber, taxi cabs focus on markets populated with riders with high VoT.
• We validated the model by randomly dropping 10% of households as the testing sample and by
using the remaining 90% of households as the training sample to re-estimate the baseline model.
The estimated model is used to predict the travelers’ mode choice (assignment based on the largest
probability) in the testing sample and the accuracy rate is 70%

• As a sensitivity check, we drop trips on markets with OD distance less than 2 miles, basic findings
of the paper still hold.

Counterfactual Experiment
• We use the 2009 NHTS outcomes to construct the counterfactual scenario in which ridehailing services are removed from the 2017 SF markets.
• We do so by first replacing Uber fares, which are the fares of the “car hire services”
alternative in the markets served by Uber, with Taxi cab fares in the 2017 NHTS data.
• On the adjusted fares we then calibrate the constant of “car hire services” in the estimated
choice model such that the market share of this option drops from 0.9 to 0.07.
• The consumer welfare calculated using the calibrated model on the adjusted data is the
one from the counterfactual scenario in which ride-hailing services did not exist in SF bay
area in 2017.

Decomposing Welfare Gain of Ride-hailing
Services
• The benefits of ride-hailing services to travelers are decomposed into two components:
non-fare and fare benefits.
• Non-fare benefits come from sources such as higher service quality, more transparent
fares, personalized pricing and services, pushing cab companies to serve areas which they
did not serve before, etc. We quantify those benefits by using the estimated model to
calculate the consumer welfare on the adjusted data, in which fares of private car services
in all markets are cab fares. The difference between consumer welfare from this scenario
and the one from the counterfactual scenario measures the non-fare effects.
• Fare benefits are from the fare structure offered by Uber/Lyft in SF markets. We quantify
those benefits by redoing the previous step but on the original 2017 NHTS data in which
the fares of private car services in the markets served by Uber are Uber fares.

Welfare Results
• Fare benefits: As mentioned, 60% of the 221 car-hire trips are in the markets
covered by Uber services and average Uber fares in these markers are about $2
cheaper than taxi cab fares. However, 17448 trips of choosing other alternatives
are also in the markets covered by Uber services, and average Uber fares in 80%
of these trips are more expensive than taxi cab fares. As a result, if we replace carhire fares with Uber fares, the welfare loss is $0.006 per person per day.
• Non-fare benefits: holding the fares of private car services as the taxi cab fares,
and changing the value of the constant of car hire services from the one in the
counterfactual scenario to the estimated value from the 2017 data leads to a
welfare gain to Bay Area travelers of $0.82 per person per day.
• Overall: the average welfare gain from Uber services is $0.81 per person per day,
compared to about $20 transportation expenditure per person per day for SF bay
area residents. The grand total is close to $1 billion annually assuming only half of
the bay area population can access to Uber services. Extrapolating to all U.S. cities
would yield benefits in the multi-billions.

Discussion: why estimates are conservative
• The welfare calculations assume that the elasticity of total travel
demand with respect to the general costs of car hire services is zero.
This is plausible because the market share of car hire services in total
demand is very small (0.9%). To the extent that Uber generates
additional travel demand, we are underestimating the benefits from
Uber.
• We also underestimate the overall benefits of ride-hailing services to
travelers because we ignore trips generated by travelers living outside
SF bay area (e.g., travelers to airports).
• Finally, we do not account for the potential safety benefits of Uber
(e.g., late night travelers).

