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Bikeshare is a rapidly expanding form of transportation

• Cities worldwide are rolling out “3rd generation” bikeshare. 

– 980 cities in 2016, up from 450 in 2013 (MetroBike; O’Brien, 2014). 1.2M 
bikes.

– In the US: 5 systems launched in 2010, about 40 currently and 15 in 
deployment. 

• New York City launched Citibike on May 27, 2013.

– Designed for high density, high availability within zone.

– Designed for, and used by commuters:

• 89.0% rides are from annual members.

• Annual members exhibit commuter patterns.

– Footprint did not change from launch to summer 2015.

– Second phase expansion ongoing, started summer 2015.
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What has been the impact of Citibike on commuters and 
transportation alternatives, in particular taxis? 

• Evaluations of bikeshare as transportation alternative, for 
planning and cost-benefit analysis.

– Citibike is privately funded and operated.

– Increasing demand for service to outer boroughs, calls for subsidies.

• Ex-ante evaluation of the economic impact of transportation 
infrastructure relies on credible estimates of substitution effects. 
(Redding, Ahlfeld and Sturm, 2015)

• Fact: declining market value of taxi medallions

– Long run impact on “asset” price: 

• Uncertainty over long run, discounted licensing rents

– Short run impact on driver revenue:

• Citibike. 

• Boro taxis. Ongoing project w/ Daniel Mangrum @ Vanderbilt
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Results

• Passenger substitution of taxi service.

– Long-run substitution: Estimates in range of 3-4% decline in 
taxi trips due to roll-out of Citibike

• Back-of-the envelope:  288-385 taxis.

– Evidence of a short-run elasticity from outages of 
Citibike stations.

• Distributional impact on drivers.

– Revenues for most impacted drivers decline by 5-6%

– Somewhere between 50%-100% due to differential attrition.

• Driver responses (in progress) 
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Recent changes to urban transportation in NYC

• Citibike: launched on May 27, 2013.

– Second phase expansion ongoing, started summer 2015

• Boro medallion taxi (green taxi): launched on August 9, 2013.

– Medallion taxis regulated by NYC TLC, banned from 
pickups below W 110 St and E 96 St in Manhattan + airports.

– Medallion restriction is a “second best” approach to 
provision of street-hail service in outer boros.

• Growth of TNCs (e.g. Uber, Lyft) beyond black-car/livery.

• Subway: first additional station in >25 years

– No. 7 line Hudson Yards station opened Sep 13, 2015.

• Infrastructure: 24.2 miles of protected bike lanes since 2013.
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Trips by NYC medallion taxis and the competition

(spatial)
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Data

Taxi data

• Taxi and Limousine Commission TPEP trip records, obtained by FOIL. 
From 2009 to June 2015.

– GPS coordinates and exact time of pickup and drop-off.

• About 170 million records per year.

• Fares, tips, number of passengers, tolls, means of payment.

– For (only) 2009 and 2013, we also have matched medallion and hack 
license (i.e. driver) IDs.

Citibike data

Station locations. 

Bike trip records since July 2013. (used to reconstruct station inactivity).

Since March 2015: station status in 5 min intervals (online/offline status, 
bikes docked).

Other related data: Travel times by mode from Google Distance API. 



Spatial distribution of taxi pickups. October 2013. 

Each color shade on the map  
adds up to an equal number of 
pickups (total per hex labelled)
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Citibike roll-out. Station counts and distance to station

Avg. distance to 
nearest Citibike
station (km)

Number 
of Citibike
stations

May 27, 2013

Area of each hexagonal cell:  0.081 sq. km
(19.9 acres, 0.03 sq. miles) 
Width is ~3 short or 1 long Manhattan blocks
For 5 boros of NYC: 12,205 cells in total.
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Descriptive stats: a typical driver/day in May 2013
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Estimation strategy: substitution of taxi trips

• Subdivide NYC into 12K hexagonal cells. 

– Count trip flows between origin and destination cells

– Pairs of cells can be treated (Citibike trip possible) or not.

– Launch occurred sharply on Monday, May 27, 2013.

• Differences in differences:

log 𝑡𝑟𝑖𝑝𝑠𝑜𝑑𝑚 = 𝛽𝑡𝑟𝑒𝑎𝑡 × 𝑝𝑜𝑠𝑡 + 𝛿𝑚 + 𝛿𝑜𝑑 + 𝜀𝑜𝑑𝑚

For 𝑚 = {𝐽𝑎𝑛 2010,… , 𝐽𝑢𝑛 2015} and a subset of od-pairs.

• Alternative definitions of treatment: count vs. distance.

• Alternative control pairs

• All od-pairs

• od-pairs originating in CB zone (controls for driver response)

• Interactions with shifters of utility for bike vs. car 
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Results: trip flows
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• Citibike system footprint remained constant from launch 
through summer 2015.

• Down to the city block level, however, there has been 
variation in the proximity/convenience of Citibike:

– Small number of station moves

– Offline status (station maintenance, street repaving).

• In the data: 135 alterative “spatial configurations” of the 
Citibike station system from July 2013 to June 2015.

• We compute a cell’s “average distance to closest Citibike
station” under each alternative configuration.

Proximity to Citibike varies with station outages 
and relocations
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Shocks from variation in proximity to Citibike: 
outages and relocations
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Shocks from variation in proximity to Citibike: 
outages and relocations
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Shocks from variation in proximity to Citibike: 
outages and relocations
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Shocks from variation in proximity to Citibike: 
outages and relocations
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Shocks from variation in proximity to Citibike: 
outages and relocations
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Impact on driver revenue

• Exploit pre-existing heterogeneity in drivers.

– Driver A lives in Jersey City, across tunnel from downtown 
Manhattan. Starts day with hails in CB zone.

– Driver B lives in the Bronx. Starts day with hails in the Bronx.

– Driver C lives in Long Island. Starts day at JFK.

• Define a shift start as first trip that follows at least 6 hours of 
inactivity by same driver (as in Farber, QJE 2015).

• For each driver, calculate median distance of first trip in each 
shift to closest Citibike station. 

– For 1st decile, it’s < 200 m

– For 10th decile, it’s > 10 km (distribution)

Data on driver IDs is available only for 2009 and 2013.
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Specification

• Decile x normalized Citibike trips, by week from Citibike launch

• Decile x normalized Boro-taxi trips, by week from Citibike launch
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Revenue trends for drivers in 1st and 10th decile of 
distance to Citibike

Weeks from Citibike launch-date (May 27)
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Drivers with location advantage in CB zone see revenue decline with 
roll-out, relative to baseline drivers with location furthest from CB zone

Observation: 
Driver-week in 2009 or 2013

Dependent variable:
Weekly revenue (fare+surcharge)

Drivers binned into deciles by 
median distance to closest 
Citibike station of shift first 
trips, Jan-May, 2013 (specs 1-4), 
or Jan1-May, 2009 (spec 5).

Deciles are interacted with 
weekly, system-wide Citibike
(or Boro taxi) trips.

S.e. clustered at week-decile 
(104 clusters)

(  …   omitted, see here …  )
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Revenue decline decomposed into margins: 
robust effect on the extensive margin (differential attrition in shifts)
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Conclusions

• 17M Citibike trips from launch through June 2015.

– If 55.1% of Citibike trips substitute taxis

• 12,367 taxi trips substituted per day: 385 taxis

– If 42.3% of Citibike trips substitute taxis

• 9,513 taxi trips substituted per day: 288 taxis

• Alternative margins (walking/subway) not yet measured.

• Substitution is greater with:

• Proximity to station

• Availability of nearby station

• Infrastructure that supports cycling 
(measured indirectly through travel times)

• Drivers operating in the Citibike zone have seen relative 
decline in revenue.
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Future directions

• Working on driver supply response

– Changes to transition probability matrix when taxi is 
empty.

• Exploit station status at 5 minute frequency 
(since March 2015):

• Finer measure of station inactivity periods

• Station stock-out

• Substitution of walking and subway

– NYC data on pedestrian counts

– Subway station turnstile counts

• Quantify public transportation provision with a model of 
demand.



Available now: data on additional roll-outs

• Brooklyn rolled out in summer 2015.

• Upper East Side and Upper West Side 
rolled-out fall 2015.

• Jersey City rolled-out fall 2015. 

Compatible membership, but travel 
between states not possible.

Funded by Jersey City, not Citibike.

• Since: 3rd phase roll-out
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Extra stuff



Google Distance Matrix API data 
Travel times collected since June 2015 at 8.30 am EST



Google Distance Matrix API data 
Travel times collected since June 2015 at 8.30 am EST



Driver heterogeneity

(back)
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Driver starting
locations

Plotted: locations of 
first pickup in the shift 
for 10 drivers.

• In blue: top 5 
closest drivers

• In red: bottom 5 
furthest drivers
(mostly airport
pick-ups)

(back)
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Drivers with pre-existing 
location advantage in 
Citibike zone see 
revenue decline with 
Citibike roll-out, relative 
to baseline drivers with 
location advantage 
furthest from CBZ

Observation: 
Driver-week in 2009 or 2013

Dependent variable:
Weekly revenue (fare+surcharge)

Drivers binned into deciles by median 
distance to closest Citibike station of 
shift first trips, Jan1-May27, 2013 (specs 
1-4), or Jan1-May27 2009 (spec 5).

Interacted with weekly, system-wide 
Citibike (or Boro taxi) trips.


