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Table A.2: Aggregate Welfare Effects: Robustness

No Migration ~ Migration

Panel A: Alt. Estimated Params

Baseline 2.34 0.69
v 2.33 0.43
IV-Loc 2.36 0.62
Alternative Times 2.18 0.20
f# OLS 2.66 0.83
01V 1.17 0.31
Panel B: Alt. Calibrated Params
oc=4 2.60 1.60
c=28 2.23 0.54
5 =0.8 2.57 0.83
8 =0.7 2.26 0.64
p=~0 2.34 1.69

Note: Table shows the percentage change in average welfare (as defined in Table 6) under alternative parameter values using the sufficient statistics approach.
Panel A examines sensitivity to alternative values of estimated parameters. The first row recreates the baseline results. The second row uses the CMA elasticities
from the second column of Table 5 which instrument for the realized change in CMA (i.e. the term that does not hold residential population and employment
fixed at their initial value in the post-period) using the baseline measure. The third row uses the CMA elasticities from the third column of Table 5 when
instrumenting for the realized change in CMA using the LCP and Tram instrument. The fourth row uses the coefficients from column 6 of Table 2, using an
alternative method to aggregate mode-specific commute times. The fifth row uses an alternative value for § = 3.97 estimated via OLS in column 3 of Table
A.6. The six row uses a value for § = 6.15 estimated via IV using the LCP and Tram instrument in column 4 of Table A.6. Panel B varies the value of
calibrated parameters.



Table A.3: List of Parameters and Sources of Identifying Variation

Panel A: Externally Calibrated Parameters

Parameter Description
o Elasticity of substitution between labor
types
oD Elasticity of demand

Panel B: Internally Calibrated Parameters

Parameter Description
Qs Cost Share of Commercial Floorspace
B Long-run housing expenditure share
Qsg Skill-specific labor demand shifters
h Subsistence housing requirement
Da Cost of cars
T, Location parameter of worker

productivity distribution

Panel C: Estimated Parameters

Parameter Description
bm, Travel mode preference shifter
K Dependence of commute costs on
travel times
A Correlation of preference shocks in
public mode nest
Oy Commuting elasticity
Tg Resident supply elasticity
HU,g Amenity externality
A Productivity externality

Identification Source

Card (2009)

Feenstra et al. (2018)

Identification Source

Same as description

Expenditure share on housing at high income levels
Share of industry wage bill paid to high-skill workers
Average expenditure on housing
Average expenditure on cars

College wage premium

Identification Source

Mode choice shares conditional on travel times

Sensitivity of mode choices (within commutes) to travel times

Differential sensitivity of mode choices to travel times amongst

public modes

Sensitivity of commute choices to travel times (in changes)

Sensitivity of residential populations to instruments for RCMA

Sensitivity of residential populations to shifts in the share of
high-skilled residents induced by instruments*

Sensitivity of model productivity residual to shifts in labor
supply induced by instruments for FCMA

*Note: Instruments are the differential growth in instrumented RCMA for high-skill vs low-skill, and the growth of instrumented RCMA for high-skill
interacted with initial house prices (controls allowing for a separate effect of initial house prices on population growth also included).



Table A.4: Multigroup Model: Robustness

Panel A: Main Robustness

Avg Welfare Inequality Output Rents

Baseline 1.197 0.585 2136 2316
Migration 0.176 0.049 5239  6.010
oL =25 1.479 0.497 2.093  2.323
Census Employment 1.199 0.584 2.137  2.322
oc=4 1.088 0.626 2.190 2192
c=9 1.282 0.554 2.096  2.396
6 PPML 2.838 0.469 3.052  3.300
6 PPML Diff 0.982 0.858 1.944  2.050
6 OLS 2.079 0.231 2773 3.047
Joint Pref. Shock 0.716 1.115 0.513  0.730

Panel B: Net Benefit Under Multigroup Model

No Migration Migration
% Net Increase GDP 1.52 4.62

Notes: Panel A shows main results (constructed in the same way as Table 9. Row 1 reproduces the main results. Row 2 uses the open city model with migration
elasticity of p = 3 for both groups. Row 3 uses a larger value of the elasticity of substitution between skill groups in production, using the value of 2.5 from
Card (2009) estimated at the MSA-level in the US. Row 4 uses census employment measured in 2005 instead of the CCB employment measured in 2015 as the
measure of employment in the baseline equilibrium. Rows 5 and 6 use alternative values for the elasticity of demand. Rows 7, 8 and 9 use alternative values
of 64 estimated in columns 1, 3 and 5 of Table 7 respectively. Row 10 has a joint decision over residence and workplace location (with workers having an
idiosyncratic preference for each pair). Panel B recreates the net increase in GDP from Panel B of Table 6 for the multigroup model.

Table A.5: Alternative Weighting

In(Establishments)  In(Res Pop)

Weighted 1.508* 0.450%*
(0.788) (0.235)
N 2,026 2,276
Unweighted 0.864 0.732%*
(0.588) (0.318)
N 2,026 2,276

Note: Table reports the main specification (column 3 of Table 2) for weighted and unweighted regressions with different outcomes. The first column uses
the log change in establishments from 2000 to 2015. The first row reports the specification from Table 2, where observations are weighted by the share
of establishments in a tract in the initial period. The second row reports the same specification unweighted. The second column reports the same set of
specifications as the main table using the log change in residential population from 1993 to 2018 as the outcome, where the first row uses initial population
shares as weights. The second row corresponds to the unweighted specification in the main table. Heteroscedasticity and Autocorrelation Consistent (HAC)
standard errors (Conley (1999)) with a 0.5km bandwidth reported in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.



Table A.6: Gravity Equation: Single Group, Full Estimates

Panel A: Main Regression

PPML PPML OLS v
In Commute Cost -0.036%*  -0.039**  -0.035* -0.071%%%*

(0.017) (0.016) (0.020) (0.024)
N 710 710 576 576
Controls X Year FE X X X
Panel B: Alternative Clustering

PPML PPML PPML
In Commute Cost -0.039**  -0.039**  -0.039*

(0.016) (0.018) (0.023)
N 710 710 710
Clusters 355 38 19
Clustering O-D O-t&D-t O&D

Note: Panel A Outcome is the commute shares in levels (PPML) or logs (OLS). Observation is an origin-destination-year cell. Only trips to work during rush
hour (hour of departure 5-8am) by individuals 18-65 are included. Data is from 1995 and 2015 mobility surveys. Columns 1-2 estimate PPML models, 3 and
4 OLS and IV models respectively. The last column instruments for travel times in the post-period using the average change in times across the LCP and tram
instruments. Route-level controls are (i) the average number of crimes per year from 2007-2014, (ii) the average log house price in 2012 and (iii) the share of
the trip that takes place along a primary road along the least-cost routes between origin and destination. Robust standard errors are reported in parentheses.
Panel B repeats the baseline specification (column 2 of Panel A) with alternative levels of clustering (origin-destination pair; origin-year and destination-year;
origin and destination). * p < 0.1; ** p < 0.05; *** p < 0.01

Table A.7: Costs and Benefits

No Migration Migration
NPV Increase GDP (mm) 45376.46 244407.13
Capital Costs (mm) 1449.75 1449.75
NPV Operating Costs (mm) 7180.53 7180.53
NPV Total Costs (mm) 8630.28 8630.28
NPV Net Increase GDP (mm) 36746.17 235776.85
% Net Increase GDP 2.63 16.87

Note: Table shows the costs and net benefits, computing net present values (NPV) over a 50-year time horizon with a 5% interest rate. All numbers are in
millions of 2016 USD. The NPV of the increase in GDP is simply the NPV of the change in Bogotds GDP in dollar values. Capital costs are the one-time
infrastructure costs of building the network. Total costs are the one-time capital costs associated with building the network combined with the NPV of operating

costs. The NPV net increase in GDP nets this out from the gross gains in the first row, while the final row converts this back into a fraction of 2016 GDP.



Table A.8: oy Across Industries

Industry aps  Relative HS Wage Bill
Domestic Services 0.160 0.055
Hotels & Restaurants 0.420 0.376
Social & Health Services 0.508 0.623
Transport & Storage 0.515 0.647
Construction 0.552 0.802
Wholesale, Retail, Repair 0.583 0.959
Manufacturing 0.599 1.056
Real Estate 0.601 1.066
Agriculture 0.628 1.254
Arts, Entertainment & Recreation 0.639 1.342
Other Services 0.701 2.016
Water Treatment and Distribution 0.729 2.441
Public Administration 0.769 3.322
Foreign Orgs 0.773 3.430
Elec, Gas 0.800 4.303
Social & Health Services 0.801 4.343
Information & Communication 0.804 4.458
Professional, Scientific and Technical Activities 0.837 6.154
Mining 0.846 6.761
Education 0.854 7.436
Financial Brokerage 0.865 8.455

Note: See Section D.6 for details.

Table A.9: Employment Data Summary Statistics

Year N Est.  Mean Emp. pl0O p50 p90
Panel A: Census

1990 219,812 5.41 1 2

2005 625,852 4.93 1 2
Panel B: Chamber of Commerce

2000 34,322

2015 126,867 2.37 1 1

Note: The first column provides the number of establishments in each dataset, column (2) provides the average employment while
columns (3)-(5) report percentiles of the firm size distribution. Employment is not reported in the raw 2000 Chamber of Commerce

establishment data.



Table A.10: Trip Characteristics in 2015

Bus Car  Walk ™

Share of all trips 0.343 0.137 0360 0.161
Mean Distance (km) 6.536 6.105 1.461 10.091
Share of (trip purpose)

To work 0478 0.150 0.158 0.214

Business trips 0.289 0333 0.184 0.193

To school 0.292 0.042 0.502 0.164

Private matters 0.267 0.163 0450 0.120

Shopping 0.149 0.121 0.678 0.052

Note: Table created using data from the 2015 Mobility Survey.

Table A.11: Commute Characteristics over Time

Mode Bus Car Walkk TM
Panel A: Commute Shares

1995 0.74 0.17 0.09

2005 0.66 0.17 007 0.11

2011 046 0.16 0.19 0.19

2015 048 0.15 0.16 0.21
Panel B: Commute Speeds (km/h)

1995 16.31 25.69 8.20

2005 12.88 15.69 6.53 16.88

2011 1049 14.12 795 13.08

2015 1037 13.00 636 13.04
Panel C: Ownership shares

1995 0.29

2005 0.28

2011 0.25

2015 0.25

Note: Only trips to work included in trip-level data (car ownership is at the household level).



Table A.12: Effect of TransMilenio on other Mode Speeds

Outcome: In(Speed) (1) (2) 3 4)

Panel A: Car Trips

TM Route X Post 0.007 0.027 -0.056 -0.050
(0.151) (0.150) (0.122) (0.124)

R? 0.83 0.83 0.83 0.83

N 9,525 9,525 9,525 9,525

Panel B: Bus Trips

TM Route X Post -0.047 0.076 -0.029 0.011
(0.060) (0.059) (0.047) (0.046)
R? 0.72 0.73 0.72 0.73
N 35,882 35,882 35,882 35,882
Route Measure Share TM  Share TM  TM>75% TM>75%
Baseline Controls X X X X
Locality Origin X Post FE X X X X
Locality Destination X Post FE X X X X
Log Distance X Post FE X X

Note: Observation is an Origin UPZ-Destination UPZ-Year. Outcome is log reported speed from the 1995 and 2015 Mobility Surveys. Share
TM is the share of a car trip’s least cost route that lies along a TM line. TM>75% is a dummy equal to one if the share is greater than 75%.
Baseline controls are a gender dummy, hour of departure dummies and age quantile dummies, each interacted with year dummies. Only trips to
work included during rush hours included. Panel A includes only trips by car, while panel B includes only those by bus. Standard errors clustered
at the origin-destination pair-level. p < 0.1; ** p < 0.05; *** p < 0.01

10



Table A.13: Relationship between Predicted and Observed Times Over Time

(1 (2) (3 “4)
In(Predicted Time) 0.705%**  Q.511%*%*  (.746%**  (.697***
(0.034) (0.020) (0.024) (0.023)
Post 0.317* -0.662%**  (.52]1%***
(0.190) (0.126) (0.198)
In(Predicted Time) X Post 0.018 0.187**:* -0.046
(0.051) (0.030) (0.047)
Car -0.037
(0.167)
™ 0.020
(0.193)
In(Predicted Time) X Car 0.026
(0.044)
In(Predicted Time) X TM 0.003
(0.047)
R? 0.42 0.34 0.41 0.42
N 2,219 6,671 2,757 5,005
Mode Car Bus ™ All
Post Only X

Note: Observation is a UPZ Origin-UPZ Destination- Year. Outcome is log reported time from Mobility Survey. Post is a dummy equal to one in 2015 and
zero in 1995 (2005 for TM). Trips include journeys to and from work during rush hour (hour of departure between 5 and 8 am, hour of return between 4 and
6pm). Individual observations averaged to the trip-year level, and regressions weighted by number of individual observations in each trip-year-mode. Columns
(1)-(3) include observations for pre- and post-years and consider only one mode; column (4) includes only observations from the post period and includes all

modes. Robust standard errors in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01

11



Table A.14: Effect of TransMilenio on Growth in Floorspace

Outcome: Floorspace Growth (D 2) 3) (@)

Aln RCMA 0.044
(0.193)
Aln FCMA -0.073
(0.265)
In Distance F1 0.013 0.014
(0.013) (0.018)
In Distance F2 0.016 0.014
(0.015) (0.019)
In Distance F3 -0.001 -0.006
(0.027) (0.029)
In Distance F1 X Far CBD 0.005
(0.025)
In Distance F2 X Far CBD 0.006
(0.025)
In Distance F3 X Far CBD -0.001
(0.037)
N 2271 2271 2206 2,206
R? 0.52 0.52 0.51 0.51

Note: Specification is baseline specification from main table with full controls (column (3)), but outcome is growth in floorspace between 2018 and 2000
using the Davis-Haltiwanger measure. In column 3 the coefficients report the log distance from the closest station in each phase of TransMilenio. Column 4
interacts this with a dummy for whether the tract is above the median distance from the CBD (Far CBD). The full interaction is included. Heteroscedasticity
and Autocorrelation Consistent (HAC) standard errors (Conley (1999)) with a 0.5km bandwidth reported in parentheses. *p<0.1; ** p < 0.05; *** p < 0.01

12



Table A.15: TransMilenio’s Effect on Income

(1) 2 3

Panel A: Clustered by UPZ X Post

In(RCMA) 0.982*** (,510%* (.522%*

(0.349) (0.224) (0.224)

N 87,674 87,673 87,673

R? 0.48 0.56 0.1563

P-val Coef = 1/6 0.31
Panel B: Clustered by UPZ

In(RCMA) 0.982%* 0.510%* 0.522%*

0.451) (0.288) (0.287)

N 87,674 87,673 87,673

R? 0.48 0.56 0.1563

P-val Coef = 1/6 043
UPZFE X X X
Region X Year FE X X X
Log Dist CBD X Region X Year FE X X X
Basic Tract Controls X Year FE X X X
Historical Controls X Year FE X X X
Land Market Controls X Year FE X X X
Basic Worker Demographics X Year FE X X X
Education X Year FE X X
Hours Worked X Year FE X

Note: Outcome variable is the log average weekly labor income for full-time, working age (18-65) individuals reporting more than 40 hours worked per week.
Data covers 2000-2005 in the pre-period and 2015-2019 in the post period and comes from the ECH and GEIH. Post is a dummy for the post period. RCMA
is measured at the UPZ-level using the pre-TM network in the pre-period, and using the 2013 network in the post-period, and at the UPZ-level. Region are
dummies for the North, West and South of the city. Controls present are the same as in the main specification (interacted with year dummies), other than basic
worker demographics which contain dummies for age (in ten year bins) and gender. Columns 2 and 3 contain dummies for each category of highest education
level attained. Column 3 contains dummies for hours worked per week in 10 hour bins. Standard errors are clustered by UPZ and period. The p-value tests the
null that the coefficient on log RCMA equals 1/6 as predicted by the model, with § = 3.39. Standard errors are clustered by UPZ and Post in Panel A, and by
UPZ in Panel B. * p < 0.1; ** p < 0.05; *** p < 0.01.

Table A.16: TransMilenio’s Effect on the College Share of Residents

() (2
A InRCMA 0.139%**  (.139%**
(0.037) (0.033)
N 2,276 2,276
R? 0.12 0.26
Init. Coll Share X

Note: Outcome is the change in the share of college educated residents in a tract between 1993 and 2018. Specification includes all controls from baseline
specification, excluding the initial college share in column 1 but including it in column 2. HAC standard errors are reported with a 500m bandwidth. *
p < 0.1; % p < 0.05; *** p < 0.01.

13



Table A.17: Impacts of Both Types of CMA

(1) 2 3
Panel A: Residents
A In(Res Price) A In(Res Pop)
AInRCMA 0.147 1.069%**
(0.188) (0.398)
AInFCMA 0.594 % -1.157*
(0.266) (0.685)
N 2,236 2,276
R? 0.43 0.36
Panel B: Firms, Floorspace
A In(Comm Price) A Comm Share
AInFCMA 0.589* 0.449%%*
(0.307) (0.104)
AInRCMA 0.179 -0.243%%*
(0.268) (0.070)
N 2,116 2,270
R? 0.11 0.16

Panel C: Firms, Employment

AlnFCMA

AlnRCMA

N
R2

A In(Est, CCB)

-0.500
(1.009)

3.424%**
(0.800)
2,026

0.68

A In(Emp, Census)

1.799*
(1.084)

-0.103
(0.511)
2,012

0.19

A In(Emp Formal, Census)

2.248
(1.378)

-0.596
(0.737)
1,701

0.12

Note: Table repeats the baseline specification i.e. column (3) from Table 2 and columns (1) and (3) from Table 4 for census employment, including both the
change in RCMA and FCMA in the same regression. Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors (Conley (1999)) with a 0.5km
bandwidth reported in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01.

14



Table A.18: Robustness to Outliers

ey
A In(Emp, Census)

(2
A In(Emp Formal, Census)

Panel A: Table 4, Employment
In(FCMA)

In(FCMA) Later Phase

Panel B: Table A17, Res Price

In(RCMA)

In(FCMA)

2.262%%
(1.071)

2.734
(2.477)

A In(Res Price)

0.356*
(0.205)

0.178
(0.280)

2.199%
(1.294)

2.416
(3.392)

Note: Table repeats select specifications, dropping 1% tails of change in log CMA variables. Panel A repeats columns (2) and (4) of
Table 4, dropping 1% tails of the log change in FCMA terms. Panel B repeats the specification in column 1 of Table A.17 (panel A),
dropping the 1% tails of both CMA terms. Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors (Conley (1999))
with a 0.5km bandwidth reported in parentheses. * p < 0.1; ** p < 0.05; *** p < 0.01

Table A.19: Commuting in 1995

InSpeed InSpeed Bus Bus

Bus -0.359%*%  -0.3]17***
(0.020) (0.017)
Low-Skill 0.229%**  (,134%%*
(0.011) (0.011)

R? 0.06 0.75 0.15 0.47
N 14,868 12,903 14,859 12,894
UPZ O-D FE X X
Time of day Controls X X X X
Demographic Controls X X X X

Note: Data is from 1995 Mobility Survey. Low-Skill is a dummy for having no post-secondary education. Bus is a dummy for whether
bus is used during a commute, relative to the omitted category of car. Time of day controls are dummies for hour of departure, and
demographics are log age and a gender dummy. UPZ O-D FE are fixed effects for each UPZ origin-destination. Only trips to work
during rush hour (hour of departure between 5-8am) included. Standard errors clustered at UPZ origin-destination pair. * p < 0.1; **

p < 0.05; ¥+ p < 0.01

15



B Additional Figures

Figure A.1: TransMilenio Network and Bogota

(a) TransMilenio Routes (b) Population Density in 1993
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Figure A.2: TransMilenio Routes: Before and After

(a) Previous bus lanes, Avenida Caracas (Sur) (b) TransMilenio Station, Avenida Caracas (Norte)
L ,/7//,///

Sources: Panel A: Fig 6.29, Wright and Hook (2007). Panel B: Diaz (2008)
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Figure A.3: Planned Networks From Previous Studies

(a) Ineco-Sofretug, 1981 (b) Intermetro-SPA, 1987
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(c) JICA, 1996 (d) Bechtel-Systra-Ingetec, 1997
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Note: Each panel corresponds to the plan by a different consortium of consultants, in the corresponding year. The colored lines are the
proposed networks (dashes sometimes indicating different lines), the black dashed line is the limit of the city in that year. Network maps
obtained from

https:/ /www.metrodebogota.gov.co/sites/default/files/documentos 1l7roducto%2015.%20T0m0%201 .%20Formulacién%20y%20caracterizacion%20de%20las



Figure A.4: Change in Residential Floorspace Share: Model vs Data
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Regression of the observed change in the data on the model-predicted change has
coefficient 1.454 (0.722),and a p-value for the F-test that the slope is 1 of 0.530.

Note: Graph plots a binscatter (50 bins) the observed change in the share of floorspace used for residential purposes in the data (y-axis) vs the
model (x-axis). Both are normalized to have unit mean on the plot. The caption reports results from regression of the change in the share of
floorspace used for residential purposes in the data on that from the model.
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Figure A.5: College Share in Observed vs Counterfactual Equilibrium with Faster TM
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Note: Graph shows share of high-skill residents in tracts in 100m cells from their nearest TransMilenio station. 1500m cell includes all tracts
1500m or more from their nearest station. Red bars show the observed shares in the post-period, blue bars show those from a counterfactual
where TransMilenio runs at 35 km/h.

Figure A.6: Event Study on Floorspace Area
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Note: Figure plots event study similar to Figure 3 but using log floorspace area as the outcome.
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Figure A.7: Employment in Chamber of Commerce vs Census

(a) 2015 Establishment Comparison by Locality (b) 2000 Establishment Comparison by Locality
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Density Census (2005), normalized
Correlation is 0.901 in 2015, 0.746 in 2000.

Figure A.8: Cadastral vs Reported Property Values
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Correlation is 0.944.

Note: Reported value is the reported purchase price per room as observed in the Multipurpose survey in 2014, for properties bought after 2005
(both the purchase price and year are reported). The cadastral value is the average residential property value per m2 in the locality in that year.
Prices are averaged over the period, and normalized so that each variable has mean one.

20



Pr (Own Car)

Note: Figures plot the average reported trip time between pairs of UPZs in the Mobility Survey versus the times computed in ArcMap using
the pre speeds for 1995 and post speeds for 2015. Only trips to and from work during rush hour included. Marker size is proportional to the

Figure A.9: Engel Curves for Car Ownership and Housing

In Computed Time
Regression slope is 0.522 in 1995 with an R2 of 0.307, and 0.715 in 2015 with an R2 of 0.406.
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Figure A.10: Computed vs Observed Commute Times
(a) Buses (b) Cars
67 - 1905 P 67 - 1995 T
2015 7 2015
51 g 54 -2 <”
g g
E 4 E 4
5 T
£ 2
8 g
& 3 & 3
£ £
2 S 2 - g
B -7 _ -7 © ax o
11" PR
: : : ‘ : ‘ : : : : :
1 2 3 4 5 6 1 2 3 4 5 6

In Computed Time
Regression slope is 0.723 in 1995 with an R2 of 0.373, and 0.746 in 2015 with an R2 of 0.357.

(c) TransMilenio
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In Computed Time
Regression slope is 0.755 in 2005 with an R2 of 0.425, and 0.713 in 2015 with an R2 of 0.261.

number of commuters in each pairwise combination (reported coefficients from regressions weighted by this number).
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Figure A.11: Instruments
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(a) Raw Land Use Map 1980 (b) Cost Raster
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(c) LCP Instrument (d) Tram Instrument
— Least Cost Paths — Tram Route 1921
== TransMilenio System 2006 — Tram Route 1921 Extended

== TransMilenio System 2006
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C Using A Special Case of the Model to Derive Sufficient Statistics for the

Impact of Transit Infrastructure on Economic Activity

This section considers a special case of the model where there is one type of worker and firm, no fixed element of
expenditure or income and a fixed allocation of floorspace to residential and commercial use. For simplicity, I
assume workers make a joint decision over home and workplace, but this is later relaxed to have separate
decisions as in the main model. This special case is shared by a wider class of quantitative urban models. Section
C.1 sets up and characterizes this simple model from scratch, and shows it admits a reduced form representation
where changes in endogenous variables can be written as log-linear functions of changes in CMA. Section A shows
that (i) the change in CMA and elasticities of economic activity to CMA turn out to be sufficient statistics that
speak to the impact of transit infrastructure on aggregate outcomes (such as house prices, output and welfare) as
well as the reorganization of activity across space. Section C.3 derives a relationship between first order welfare
effects in this class of general equilibrium models and the value of time savings approach typically used to

evaluate gains from transit infrastructure. Section D.1 provides proofs for the results in this section.

C.1 A Simple Quantitative Urban Model

Setup. I consider a simple quantitative model of a city in the spirit of Ahlfeldt et al. (2015) and Allen et al. (2015).
There are i € I locations that differ in their exogenous amenities @;, productivities A;, residential and commercial
floorspace supplies Hg;, Hr; and the time ¢;; it takes to commute to any other location.® A continuum of workers
with mass L choose where to live and work and have Cobb-Douglas preferences over a freely-traded numeraire
good and housing. Commuting reduces effective labor supply at workplace so that an individual living in ¢ and
working in j receives income wj;/d;;, where d;; = exp(kt;;) converts average commute times into commute costs.
These average commute times ¢;; aggregate times across all modes as defined in Appendix C.2. In each location, a
representative firm produces a freely traded variety under perfect competition that are aggregated by consumers

in CES fashion to form the final numeraire good.

Individuals. Indirect utility across pairs of residential and employment locations (i, j) is given by

B—1
Ui W5T gy

Uij(w) = g i (w), (21)

where ¢;;(w) is an idiosyncratic productivity for worker w on commute (4, j), 1 — /3 is the expenditure share on
housing, and u; is the amenity enjoyed by residents who live in . To allow for the possibility of local spillovers,
amenities depend on both exogenous location characteristics @; and the number of residents through u; = @; L] .
Workers choose the commute pair that maximizes their utility. Assuming these are drawn iid from a Fréchet
distribution with shape parameter ¢ yields a simple expression for the number of commuters for each live-work
pair

g ww;r? ! ’
Lij _ LU79 )" Ri , (22)

38Appendix G shown housing supply was unaffected by TransMilenio, so I consider these as fixed location characteristics.
This assumption is relaxed in Section 5.3. Appendix G also shows that there were no significant relative changes in car and bus
speeds along routes most affected by TransMilenio, so I assume those travel times are fixed in the baseline model. This is relaxed
in Panel C of Table 6.
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1/6
where U = v > (uiw; it dig) } is average utility, v = I' (%5%) and I'(") is the Gamma function. The supply

of residents and workers to each location can be computed by summing these flows over all destinations and

origins respectively to get

_ [’
Lpi= LU° (u,-rggl) D 23)

Lp; :E079w6¢p'. 24
J J J

The ®r; and ® r; terms are what I refer to as commuter market access terms. Residential commuter market access
(RCMA) @g; =3, (w;/ di;)? reflects residents” access to well-paid jobs from location 4. Firm commuter market
access (FCMA) &p; = Zi(uirfgl /d;;)? reflects firms” access to workers from location j (i.e. being close to locations
with high amenities or low rents). The resident supply curve (23) therefore tells us that more residents will move
to locations with high amenities, low house prices, and better access to well-paid jobs through the commuting
network. The labor supply curve (24) tells us that firms will attract more workers to locations with high wages and
better access to workers via the commuting network.
The supply of effective labor units to a location can be computed by leveraging that, under the Fréchet
distribution, the average productivity of workers who have chosen (4, j) is inversely related to the share of
workers choosing that pair &; oc m;;~1/% where m;; = L;;/L. Total effective labor supply is simply

=LY, T / d;;, which simplifies to

EF]' = EUi(ail)’wQ_lfbpj (25)

where ®5; = 37, (u; Tgl )= 1d is adjusted FCMA capturing access to effective units of labor.
Consumers spend a constant fraction 1 — B on housing, so that residential floorspace (inverse) demand is given by

1-pB_

i = ZL 19 2
rRi = T YilRi (26)

1/6 _—1/6 .
where ; = ® R/Z TR /% s average income of residents in ¢, and 7, = > ;. %

Firms. The production side of the model assumes an Armington structtire ‘With no trade costs. In each location, a
representative firm produces a differentiated variety using the Cobb-Douglas technology Y; = A; L%, H . As for
amenities, I allow for the possibility of productivity externalities of the form A; = A; L% *° Solving firms’ profit

maximization problem delivers labor demand
(1 O'D) le'D 1T(1 O’D)(l a)E (27)

Lp; = aw,;

where E = ). ; Lg; is aggregate expenditure and o p is the elasticity of demand across varieties. Firm (inverse)

¥1n the model with separate residential and employment location decisions covered in Appendix C.4, average income has the
more familiar form ; = <I>1/ o

“Given evidence on hlghly localized spatial spillovers (Rossi-Hansberg et al. 2010; Ahlfeldt et al. 2015), I do not allow for
spillovers across locations given the size of census tracts. Previous versions of the paper show how the regression framework in

that model still holds but outcomes depend both on a location’s own CMA and those nearby.
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demand for commercial floorspace is given by

(28)

Aqul'U\)»ia(UDil)(l _ a)E 1+(UD—11)(1—<¥)
Jp— 2 1
TFi HFz

Equilibrium. Given model parameters {«, 3,0p, 0, k, ju7, pa } and location characteristics { Hpi, Hri, tij, i, A;},
an equilibrium of the model is a vector {Lg;, L Fj,Wj,TRi,Trj, U} such that (i) the supply of residents and labor is
consistent with worker optimality (23) and (25), (ii) the demand for labor is consistent with firm optimality (27),
(iif) demand for floorspace is consistent with firm and worker optimal and equals suppl}; 0(26) and (28) and (iv) the
i

population of the city L is fixed, and welfare U is given by U = |3, (usw et Jdi)P | A

C.2 Estimating the Commute Elasticity 0

Taking logs and first differences of the expression for commute flows (22) yields a gravity equation relating the

change in commute flows to changes in commute times
In Lije = oy + vie + 850 — Oktje + €444, (29)

where «;;,7;: and §;; are origin-destination, origin-year and destination-year fixed effects. While other estimation
approaches typically leverage cross-sectional variation, this paper uses the change in commute times induced by
TransMilenio to difference out time-invariant characteristics potentially correlated with commute times. Changes
in origin- or destination- specific unobservables—such as amenities and productivities—are absorbed in the fixed
effects.

Commute times ¢;;; are formed using the same mode choice model as in the full model in Section 3.1, but
incorporating car ownership according to an exogenous probability rather than an endogenous decision. Workers
become car owners according to a Bernoulli distribution with parameter p.,,. Expected utility conditional on car

ownership is
wiw; T e (w)
exp (Htijm —+ 'Ul‘jm(w)) )

Uijm\a(w) =

Expected utility prior to drawing the mode-specific preference shocks shocks is given by

B [ (U] ] = w650 [ | s, 01/ )] + 1 = prar) | s 01/ ()|

_ wwyry teig(w)
exp (Kti;)

where

1 _ _
lij = Tk In [pear exp (_”tijl) + (1 = pear) €xp (_“tijo)]

_ A K
where t;;0 = - In Z exp (bm - Xtijm>

mEBpup

1 _
tijl = 7; lIl (exp(bcm, — KtijCar) + exp (K:tijo)) .

' Existence of the equilibrium and conditions for uniqueness were established in a previous version of the paper. Alternative
assumptions over population mobility between Bogota and the rest of the country are covered in Proposition 1.
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The expressions 50, t;j1 are exactly the same car-ownership-specific commute time indices as in the baseline
model. The only difference is that they are averaged using the parameter p.,, which reflects the probability of
owning a car. I then compute ¢;;; for different years, where variation over time is induced by the changes in the
TransMilenio network. I set p.q, = 0.181 equal to the share of car owners in 2015.

The estimates for (29) are presented in Table A.6. Columns 1 and 2 run PPML regressions to account for the
presence of zeros in the data. Controlling for route observables interacted with year fixed effects implies a value of
0 = 3.398 reported in Table 1. Column 3 runs the same regression via OLS which do not account for pairs with zero
commute flows, finding similar but mildly smaller estimates. The last column instruments for the change in travel

times using the instrument from Section 5 for travel times in the post-period, delivering a larger estimate.

C.3 First Order vs Equilibrium Effects

The standard approach to evaluate the gains from transit infrastructure is based on the Value of Travel Time
Savings (e.g. Small and Verhoef 2007), in which its benefits are given by minutes saved times the value of time.
The following proposition shows that, under certain conditions, this is precisely the first order welfare impact

from a change in infrastructure in the full general equilibrium model.

Proposition 2. In a version of the baseline model with (i) no amenity or productivity spillovers, (ii) preference shocks over
residential locations, (iii) workers owning an equal share of all floorspace and (iv) a labor income tax 1/(1 + 0) redistributed

lump sum, the elasticity of welfare to a change in commute costs is
w;j L
dinU = —afk g >N :ﬂm redtij7 (30)

where w;; is average labor income of commuters along pair (i, 7).

The proof of the proposition first establishes that under these conditions the equilibrium is efficient. An
application of the envelope theorem then shows that—to a first order—only the time savings from new
infrastructure matter for welfare. This is simply proportional to a labor income-weighted average of the commute
time reductions, scaled by « and a/5. The former converts commute times to commute costs, while the latter
reflects that a share of the gains go to floorspace owners rather than directly to workers.*? Lastly, as explained in
the proof of the proposition, technical reasons require the restrictions (ii)-(iv) to be imposed to derive this result.
However, simulations of small shocks in the model from Section C.1 with only condition (i) imposed confirm this

expression correctly captures the first order welfare effects in that model as well.*>

“2While these gains ultimately make their way back to workers who own the housing stock, these equilibrium price effects do
not matter to a first order.
# A previous version of the paper showed that the welfare elasticity in the full model is

dinU, = aﬁmz Zw”qufija,

ija rso wrsgo T5go

where w;j4, is average labor income of type-g commuters along (i, j) with car ownership status a. The average welfare elasticity
in the full model is therefore proportional to a population-weighted average of group-specific average reductions in time costs

ie.dlnU =3 B %d In U,. This highlights the similarity in first order welfare effects between the two approaches.
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C.4 Examples of Isomorphic Models in Proposition 1

Endogenous Housing Supply. Consider an extension of the model in which housing floorspace for each type of
floorspace is produced using land 7T; and capital K; according to a Cobb-Douglas production function

H; = T "K]. Capital is freely traded across the city with price px. Each unit of land is owned by an atomistic
developer who chooses h; = k' units of housing to construct per unit of land, where k; units of capital are used per
unit of land. Profit maximization by developers yields a density of development h; = (nr;/px)'/(1="). Total

housing supply is therefore

1

= N\ T
H = T (nrRZ> and HFi = Ti (TITF1>
Pk PK

All that changes in the model is that H;, Hr; are now endogenous since they depend on floorspace prices.

Adding these equations into the system and rearranging yields

L o900 = LU0 gyul

—01 14 1 _
Ly " rg; " = (1= B)px/n) = q)}:g/ieTi !
op— —a)t-1 ~(ep=D(a—pa(0-1)) B o ~ elop=1)
7‘;:( p—1)(1 )+1_,,LFi -1 _ (1 N a)(pK/n)ﬁA?D—l ((LU—(G—l)) (ij) o1 T;lE
L 8t(ep=—D(a—pua(6=1) _ 5 ltalop-1)
TED*I)(l*&)LFi -1 —a ((LU—(G—l)) (I)F]) o1 AidD_lE
This is of the same parametric form as the system (51). Writing the system in log changes yields
1~ buy 0(1—B) 0 0 In L]
-8 1+ 0 0 In#g;
0 0 14(op-DA—a)ty (Gl |y,
0 0 (op —1)(1—q) f+(op= 1>9<f1ﬂA<" D | L
1 0 Glnﬁi—&—lni—ﬂlnﬁ |
% R A lnT
T lo| MR aon | PP o) 1A, n Ay + 202 2 (mk—(0-)W0) +mE
0 %’:{1) (cp — 1)lnA + 1+a(0D 1) <lni/ 0 - 1) In U) +InE

assuming the cost of capital px is unaffected by the system. This model admits exactly the same parametric form
of regression equations as the baseline model, and so the results of part 4 apply.
This model allows the share of floorspace used for commercial purposes in a census tract to respond to a change in
commute costs. This would occur if the price of commercial floorspace changed relative to that of residential
floorspace, since
FL/(A=m)
i _ Fi
P g Al/(1— 1/(1—
191'7'1«“/1‘( m o4 (1— ﬁi)rR/i( )

where ¢; = Hp;/(Hp; + Hg;) is the share of floorspace allocated to commercial use in the initial equilibrium.
Sorting of Individual Entrepreneurs. Consider a production side where each variety is produced by a monopolist
who can choose where to locate in the city. The entrepreneur has the same Cobb-Douglas production function over

labor and commercial floorspace, so profits are a fraction 1/op of sales. Entrepreneurs have idiosyncratic
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preferences for producing in each block so that the return from locating in j is given by

Viw) = mieiw)

wheren; = op (w TFJ“/A) E

where op = 07" (op — 1)7(“?~1 and ¢;(w) is the preference of entrepreneur w in to produce in j. If these
preferences are drawn from a Fréchet distribution with shape 67 > 1, then (normalizing the mass of firms to 1) the

number of firms producing in j is

Or(ocp—1)
( J/wa’rllz‘]a) o

N; =
LR, (Afugr) Y

of sales so w;¢; = a(op/(op — 1)) 7" (w TFJ(’/A ) " E. Since total labor

The wage bill is a fraction o "’;;1
demand is simply Ly; = N,¢;,

Z/FJ - a (O_D/(O_D - 1))70‘[) U;l/QF(O'D—l) > A§1+9F)(O'D—l)wj—(l—‘r(l—‘r(gp)a(o'[)—1))T;§0D—1)(1—(x)(1+9p)E

- 1/6p(op—1)
)GF( o 1)} A Using the same logic as for labor, demand for commercial

where Ur = [Z (As/wrp®

floorspace is

HFJ _ (1 _ a) (O_D/(O_D _ 1))—O'D ﬁ;l/ep(a'pfl) % A§1+9F)(0D71) j (1+9F)O((O'D 1) ;I(O'D 1)( )(1+9F) 1E

Since floorspace is fixed, this is the commercial floorspace clearing condition.
Only the labor demand and commercial floorspace market clearing conditions have changed. Since they have the
same log-linear parametric structure, the same reduced form representation as in the baseline model will hold. To

see how, the equilibrium system becomes
_ 5-1\?
Ly = LU~* (uirR; ) O p;
LFj = EU_HU)O-(I)F]'

Lpj = (LU~ 0T w; P

LFj _ (UD/(UD . 1))70’D UF—l/GF(a'D—1)w§1+9p)a(1—gp)—1A§1+6p)(oD—1)T(F}i—a)(1_gD)(1+9F)E
1-p 1/9
= (I) L 9
TR HR
~ . A (140p)(ocp—1) —(1+0p)a(aD—1)E 1+(GD71)(LQ)(1+9F)
TRy = ((1—04) (op/(cp —1))77" U_l/ rlop=1) HJ )
F1i

where the CMA definitions are unchanged. Using the third line to substitute out for wages and ignoring the

second line (which pins down Lr; given the other variables of the model), one arrives at a system of 4 equations in

{LRi, Lri,rRi,rri) given {®p,;, Oy}

1-6 0(1— _
L 09070 = X\ gl
_u

LR

2

= N0y Hy!
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a(anl) (1+0F)

g (0—1 (op—1)(1+0F) 7 —52
1+(<7D—1)(1—0)(1+9p)£("D*1>(%)(H@ﬂ ) AP Topf
Tpi Fi =A3 o
F1i
_0+A+0p)(op—1)[a—py(6-1)] B _14+(0+6p)a(op—1)
rg‘Tinl)(lfa)(lJr@F)LFj =1 _ /\4A§_1+9F)(UD*1)¢)Fi 6—1

where the (endogenous) constants are given by \; = LU ™%, Ay = 1 — 83,
_ 10p(op—1) 7 _alop-1(1+65)
A3=(1—a)(op/lop — 1)) 7P Ug /7727 (LUY) ¢ E,and
_ - _1+A+6p)alcp—1)
M =al(op/lop—1))777 U7~ (LT-9) S

system (51), and thus admits the same reduced form as the baseline model. To see this explicitly for this example,

E. This is of the same parametric form as the

write the system in changes and take logs to get

1—0uy 6(1—P) 0 0 InLg|
-4 1 0 0 In g
0 0 14 (op—1)1-a)1+0r) (op—1) (%W) (1+0p)| |Inrp;
0 0 (op —1)(1 —a)(1+6p) 9+(1+9F)(UDef_ll)[a*#U(efl)] In I~/Fi_
1 0 f1n 5 + In LU° T
7 Indp, + In® s + ~ln H
= n i i a A _ 2 A ~
0 f L(UDT«;‘%HQF) e (cp—1)(1+0r)InA; —InHp; — alop=1+0r) 19)(1+9F) ImLU?+InE - GF(O'lDfli) InUp
0 1+(+8r)a(on—1) (op = D)1 +0p)In A; — =D in [T0 4 In B — ;b n U

By the results of part (iv), the relative impacts of changes in the commuting network are the same in this model as
the baseline model given estimates of # and the reduced form elasticities. (Note the reduced form elasticities have
the same parametric form in this model as the baseline, since B, B have zero entries in the first and last two
entries respectively.) The level effects would differ, however, since these depend on the structural parameters that
appear in the A matrix and the error term e.

Eaton and Kortum. In the Eaton and Kortum (2002) setup, there is a continuum of goods w € [0, 1]. Each location
has an idiosyncratic draw for each good from a Fréchet distribution with location parameter A; > 0 and shape

6r > 1. There is perfect competition so that p;(w) = w;/z;(w). Goods market clearing implies that sales are given

by

—Or
-«
W /A) —0
G L= (ugrk;®) AP E
T2 (werp*/AS)

This yields the same system of equations as in the baseline model, with op — 1 replaced with 6, and thus the

X; =

results of part 4 apply.

Capital. Consider an extension of the model in which firms can invest in capital to respond to changes in transit
networks. Suppose firms use the production function Y; = A; L%* Hp# KX . Capital is freely traded across the city
and available at price pg. Profit maximization implies firms spend constant fractions of sales on each factor, with

factor demands given by

170'D
~ 1 (witrETpeX
wilp; = — (LiTRiPr E
L A;
lfo'D
1 [ wiErSHpik
rpilp = —  ——F—— jl K E
H i
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1 ar o 1—op
prKpi = — (w i P > E.
[077¢ Al

I assume Colombia is a small open economy so that the price of capital is pinned down in international capital
markets, i.e. px is a constant exogenous to the model. Only the condition for labor demand and commercial
floorspace market clearing change. The equilibrium system is given by a system of 6 x I equations in as many
unknowns (given {®g;, D ;, ) i}, themselves auxiliary variables of these same unknowns in the same system as

the baseline model)

- 0
L= L0 (wirfy") @
L p = EU_QUJQ(I)F]‘
Lpj= (LU~ ) w! ™ ®p;

1 4 (—0pn)— o o o o o
LFi:—wiL(l D) 1AiD 17’Ff(1 D)pKK(1 p) g

1-B_1/0, %"
— &0 L2
Hp;

1
(AaD—1w—O£L((7D—1)pOlK(1—UD)E> Ttapg(ep—1)
Tri =

TRi =

7

agHp;

Note that with these solved for, capital demand can be recovered using the demand equation above. This is of the

same parametric form as the system (51). Writing in relative changes and taking logs yields

1—0uy 01— ) 0 0 InLp |
—5 1 0 0 In7g;
0 0 Lt ap(op —1)  (oe=tlormal) | g,
0 0 OCH(O'D - 1) 9+(UD71)(90£_L17#A(071)) In LF’L_
) 0 Oln % +InL— 0l ]
% A 2 lIlfv{Rz
= lo| "] o | PP () 1) A, — In Ay — 2lop=D (L~ 0mT) ~ax(op — 1) njx +n B
0 % (UD—l)lnji—%(lnL—Gan)—aK(aD—l)lnﬁK+lnE

The only changes from the baseline model are that the labor and housing elasticities have been relabeled, and the
change in the price of capital has entered the residual. The results of part 4 apply.
Leisure. I consider an extension of the model where consumers derive utility over goods, housing and leisure.

When preferences are Cobb-Douglas, the individual’s problem is
CI'n}E}XL UZ'CQH’BL’YQJ'(W) s.t. C+TR¢H+1UjL = w](l _tij)

Solving for commute flows yields
0
Lij = (uiw] " Ri /dw)

where d; . This has the same parametric form as the baseline model, but with alternative exponents on

i = T4, t
wages and house prices in the resident and labor supply terms and CMA definitions. The equilibrium can once

again be written in the parametric form as the system (51), and the results of part 4 apply.
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Preference Shocks. I consider an extension of the model in which consumers have preference rather than

productivity shocks over each commute. Average income becomes y; = > 7;,w; where

7 J‘l

7 = (wj/dij) / > os (ws/ d;5)" is the probability of commuting to j conditional on living in i. Effective labor

supply is simply Lr;. The remaining equations of the model are unchanged. The equilibrium system becomes

- 0
Lp= LU (') @i
ij = EU_B’LUJO-(I)F]'

1 a(l—op)— op— -0 -«
Lp; Z*wv(1 2 taop 17‘% p)1-)p
a
1-p

P — 72L i

TR Hr YilRi
4op=1yeo ) g TFEp= D=

rp; =
F (1—04)HFZ-

Approximating g; around the point di_je = Oyields y; ~ @}{f, so the endogenous variables can again be expressed
as log-linear functions of CMA and structural residuals. In particular, taking changes and logs yields a system
exactly the same as the baseline model, but with the second entry in the first column of the A matrix changing
from — % to —1. The equilibrium can once again be written in the parametric form as the system (51), and the
results of part 4 apply.

Alternative Labor and Residential Supply Elasticities and Timing Assumptions. I consider an extension of the
model where commuters draw separate shocks over workplace and residence locations. Indirect utility across

pairs of residential and employment locations (3, j) is given by

Bs—1
UiW;T

Uij(w) = —~
ij

€5 (LU)I/,L‘(LU),

where ¢;(w) is a productivity shock for employment in location j drawn from a Fréchet distribution with shape ¢
and v;(w) is a preference shock for living in location ¢ drawn from a Fréchet distribution with shape . Whichever

choice is made first, the supply and residents and workers to locations is given by

Lpi=LU" 0 (u T, 1<I>1/0)

where ®p; = > (w;/ di;)? as before, but now ®5; =", (uir” Ri )"d pr 9 ' While these CMA terms look different
from those in the original model, substituting the resident and labor supply curves back into them yield the same
system of equations (18)-(19) defining CMA. The remaining model equations remain log-linear in endogenous
variables and ®r; and ®p; (noting that now expected income is simply 7; = 7@}{1-9). These results are independent
of whether employment or residential locations are chosen first. The equilibrium can once again be written in the

parametric form as the system (51), and the results of part 4 apply.

C.5 Reduced Form Coefficients and Residuals

This section makes explicit the structural content of the reduced form elasticities and residuals.
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Residuals. As shown in the proof of Proposition 1, the residuals are given by e; = A~'&;. Applying

1 ___0a=p 0 0
B+0(1— ﬁ HU) B+0(1-B—pv)
0—1 0(1—pu) 0 0
A1 = 6 Bre(l- ﬁ Bu) B+HO(1—B—puv)
0 0 0+(op=1)(a=(0-1)pa) __ (ep=1)(a=(0=1)pa)
fop—(0-D(op—D(a+us)  Bop—(0—1)(op—1){atia)
0 0 (1—a)(0—1)(ocp—1) (0—1)(ocp(1—a)+a)

T 0op—(0—1)(cp—1)(otpa) Oop—(0—1)(cp—1)(at+pa)

to the residual vector €; yields

1 2 7 _ /] 0(1-5) a
FRR—A=7) [0mis +In L~ O U] + gy I g

9-1 2 T 7| 0Q-pu) T
o Fe ) (0 +In L — 00| — g5 n )
[(UD —1)InA; — SHep=DO=O-ua) ) fr,, 4 o=Dlatiua) (mi - 1)1n(7) + mE}

[(UD—I)lnA +MIHHF1+ (lnL (9—1)ln($])+lnE}

e, =

[
605 —(0-1)(op—1)(a+1a)

0—1
Oop—(0—1)(cp—1)(a+pa)

where each entry corresponds to the residual for the specification with Lg;, rrs, 7 ri, L, as the outcome,
respectively. Residuals that vary across observations contain weighted sums of changes in (i) unobserved
amenities and residential floorspace supplies for residential outcomes and (ii) unobserved productivities and
commercial floorspace supplies for commercial outcomes.

CMA Elasticities. Computing 3 = A~ 'bg and B, = A~ 'bp yields

B
Brn FHo(1—F—h0)
—HU
Brr ﬂ+9(1—ﬁ—uu)
/BTF 1+9(”D 1m 1)
BL !

(UD,1)(a+uA) 1+9( ey 1)

5LF BLR

a—l

as referenced in the text.

Rearranging these expressions yields 14 = —oand puy =1 - /
Given the reduced form estimates and the estimate of 6 from the gravity equatlon, this is a system of four

equations in five parameters 3, py, op, o, pa. However, even if one additional parameter is calibrated, these
equations cannot be inverted for the remaining structural parameters. Consider first the system of equations

determining 3, uy in the first two lines. This can be rearranged into

0
S A— -
ﬂ 0_1+/3L1 ( ,U'U)
1
6—9_5“(1—%)
0—1

These are two straight lines in the (5,1 — uy) space with the same intercept (at zero) but different slopes, other

0—
. /3
than the knife-edge case where - f — = —5—1+ in which case there are an infinite number of solutions. For the
Br,

second two equations, if « is calibrated to an external value then the system of equations is

0p 1_BTF
= 1 — —
Ha (TD—l < + 0 )

0D Brr(0 —1)\
MA_O'Df]. BLFﬂ—l
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These are two straight lines in the (114, 0p/(0p — 1)) space with the same intercept but different slopes, other than

. 1-Br Brp(0-1)
the knife-edge case where 1+ —5= = “2E 5

Given that these equations cannot be inverted, one could try to calibrate one parameter (such as «) and jointly

in which case there are an infinite number of solutions.

estimate the remaining five (including ¢) to most closely match the CMA elasticities and the commuting
semi-elasticity in the gravity equation. However, the match will not be exact given the results above. The sufficient
statistics approach has the advantage that the researcher does not need to specify the value of all structural
parameters and can conduct analysis using the commuting semi-elasticity, the CMA elasticities (and op, 3 to
obtain the overall level of changes). The researcher also does not need to take a stance on the particular model

generating the data, i.e. what the specific cluster of structural parameters are that determine By, 8.

D Additional Model Results

D.1 Proofs
D.1.1 Proof of Proposition 1

Part 1: Reduced Form. Stacking the equilibrium conditions delivers

- 0
Lp; = Lo—* (uirl’%zl) Pp;

E/F_] = I/U_(e_l)wje_l(i)Fj

L :Ozw?(l_aD)_lA‘;D_17”;}1-_0D)(1_Q)E
1-B_1/0, %"
R = PR Lri
pop—1,,~a(op—1) p\ TFEp=D0=5
;= 1— 7 i
T (1-a) Hp;

U:

i

0 1/0
> (weil i) ]

01
where £ = 35", (D}%/fL r, is total expenditure, and the CMA equations are

Bpy = (LO) Zd;ﬁéié (31)
J
o o Lni
®py = (LU IZ%G . (32)
) . L\ @D/
p; = (LU 7 Zd;ﬁ(%f) (33)

Using the second line to substitute out for wages delivers a system of four equations in {Lg;, Lpi, TR, Tri) given
{Pri, Opi}

L "o ™) = LU @

7 i

6—1
Ly, " rri= (1= B)®p Hy!
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(op—1)(a—py(0-1)) alop—1)

r e BT S ey (B0 ) dyy) T HGE
L Ot(ep=1)(a—pa(0=1) _ . atop=1)
e —a((L07C)op) T ATE

Letting & = 2’/ denote relative changes across two equilibria, one can take logs and rearrange to get

1—f6py 6(1—p) 0 .
,% 1 0 .
0 0 14+ (op—1)(1—-a) (UD—1)(3:1M(9_1))
0 0 (cp—1)(1—a) 9+(0D—1)0(21_MA(9_1))
A
i 0] Olnd; +InL —0lnU 1
= 7 In®p; + 0 In®p,; 4 X ) —InHp i A
o P e | p = e S (k0= ) 0) +1n
0 Lralop=l) | (op — 1)In A; +w(m (9—1)1nl§')+1nEA

€;

Premultiplying by A~! delivers the system

lnﬁi = ,BRlni)Ri —|—,6F1n(i)pi —l—ei

(34)

where B, = A 'bg, Br = A7'br and e; = A~ 'e;. Note that the last two elements of 3, are zero, as are the first

two elements of 3.4 Since A~! is block diagonal, the first two elements of e; (determining residential outcomes)

depend only on 4;, Hg;, L,U while the second two elements (determining commercial outcomes) depend only on

jli, Hp;, i, U . E. The exact reduced form (34) is the one which is used to conduct counterfactuals in parts 2 and 3.

However, in the data Lp; is observed rather than Ly;. Combining Ly; = LU *w/®p; and

Ly = (LU=} 4/~ 1® . yields the following relationship between the two
J b iy g p

-1
T 0
2 LFj 2
Fj= | = Prj
Dp;
*Note that solving these expressions yields
B
BL pHo(1— B Lu)
R 2205
Brn | ST =)
gw 1*"(? )
Lp =
(cp— 1)(0é+HA) 1+9( 2D cx+y.A 1)
Manipulating these expressions yields pa = ;725 BBE—F —aand py =1-7 / By as referenced in the text.
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Substituting this in delivers

1—0uy 0(1—7) 0 0 In Lg; 1 0
0—1 N 1
o é 14 (o _01)(1 —a) (UD—l)(a(;uA(e—l)) i :ﬁ = |o| m®rit+ (aD—1><a9uA<e—1>> In®p;
0 0 (op —1)(1 —a)  Hop=Dlommal DIy [y, 0 O+(op=1)(0—pa(6-1))
A Iny; \?;/ br
0 Olnd; +InL — 00
0 2 —InHg;
+ N In®p; + (op — )lnﬁ»_lnﬁFi—&—M(lnL (9—1)lnﬁ)+lnE
pa(®—1)(op —1)—1 (op — 1)In A; 4+ Lrelep=1) (mL = 1)1nff) Yk
bp &;

(35)

or, after premultiplying by A~1,
Iny; =BrIn®p; + Brindp; + Brinp; +e;

This reduced form (35) along with the CMA definitions (31)-(33) hold globally to define a change in endogenous
variables {ﬁ Ris PRis Pris Lpi, @ pis @i, &) ri} (and analogously the auxiliary variables U . E defined as a function of
these variables above) given a change in exogenous (or “forcing”) variables {u;, fli, H Ri, H Fis i, Ciij}. Note that in
counterfactuals, all exogenous variables other than commute costs d;; will be held constant.

However, the two FCMA terms, defined in (32) and (33), are very highly correlated in the data (correlation
coefficient of 0.98). To make this regression simpler and to allow for enough residual variation to identify the
coefficients on each term, I take a first order approximation of ®; around the point dfje = 0 which yields

dp ~<I> . Substituting this in simplifies the system to

[1—0uy 6(1—B) 0 0 n L]
—1 1 0 0 In 7p;
0 0 14 (op —1)(1 —a) (ep=Dlepalz) 4y, 4y,
0 0 (op —1)(1—a)  CHep=DEmmalD) i [y,
A
1 0 ] Hlnﬁi—i—lnf/—anﬁ |
N bt | 0 [ mbe S S sl (G6)

0 it | aen-1) P o = A — I Api + 2627 (k- (90— 1)n0) +ln B

0 Ltalen=1) (UD—1)1nfli+%(1nL—(e—1)1an)+1nE

or, after premultiplying by A~*,
Iny; =Brn®p+Brndp; +e
fory; = [LRi,Tri,TFi, Lri]. Compared with the unapproximated model, all that has happened is to approximate

In &3 2 j%% In® r; to collapse the two FCMA terms into one.

Lastly, since I will use the system (34) to conduct counterfactuals with the estimated parameters, I need to relate
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the coefficients I will estimate in (36) to those in (34). The only difference is that the last two elements of the 4th
column of A and by have 6 rather than 6 — 1 in the numerator. Computing A~ 'bp, after this adjustment yields the

same coefficient as in the unapproximated model, but the commercial variable elasticities change to

0 0
0 0
A op = 0-1 1 = 4.1 . So the only change needed is to replace 3, with
O 14o(22 1 1 L
+ (aD 1 (y+;LA ) 0 TR
o 1
(apfl)(DaﬂiA) 1+9( DA 1) BL

72+ B, in the unapproximated model equations (where §3,,, is the elasticity estimated in the data).
Lastly, I show that unique (to-scale) values of CMA can be recovered given d;;, Lr;, Lr;, 8. Equations (31) and (32)

can be written in the form
Pri= ) KijOr;

=D Ko
i

where Kf = di_jeL rjand K[ = di_jeL ri- This satisfies the structure of the equations in theorem 1 in Allen et al.

0 -1
(2014). In the notation of that theorem, I' = [ and B = ol The spectral radius of the matrix |[BI'~!| (where

| - | denotes the element-wise absolute value) is one. Parts (i) and (ii) of theorem 1 then imply that there exists a

unique (to-scale) solution ®r;, ® ;.4

Part 2: Relative Impacts of Transit Infrastructure. I now show that this system of equations can be used to
compute changes in economic activity relative to the citywide average in response to a transit shock using
estimates of # and the reduced form elasticities 51, By, Ory, OL, in addition to data on the initial equilibrium
dij, Lri, Lr; and the change in transit infrastructure cfi ;. Assuming unobservables are constant across equilibria,

exponentiating the (unapproximated) system (34) and letting Ai_j1 denote the ij-th entry of A~! yields

b = 8 (2070)™ @)
Py = dn (ﬁﬁ*")A; (38)
o= b (B-0-0) U BT g 59)
Lp; = @iilr (iﬁf(eq)) (A tolop=h) g qo 12D 1>+1) oA w0
where CﬁRi, (i)Fi7 &)F,;, jip,; are given by
b = (iff ) Z fjd;j’ Le; 41)
Fj
bp; = (LU ) Z ' ?Rl (42)

#0nce these are recovered, a unique to-scale solution for ® r; is simply recovered from (33).
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0—1 ~ (6-1)/6
2 22 N\NTTE _ri-(6-1) [ LR
by = (LU 9) #Ed. <> 43)

i Dp;
LFj = (EFj/(iFj) (I)Fj (44)
Note that I am using that 3 and 3y have zeros in the first and last two entries respectively, otherwise both CMA
a-° gFj a=f gRj 79(5)1%1)%
terms would appear in each line. Here wg =——F8 _ gff= 228 and 7#f = ——"F- - Since these
iy T J >, ds; 1R7 J —0(Lrj\ @
i %ii Ppy 3% Rj Zj dqu (‘I’Rj)

shares are homogeneous of degree zero in ®r;, P r;, their unique values are identified using values for
dij, Lri, Lr;, 8 (since these determine unique to-scale solutions for the CMA terms). In my particular model,

computing the terms in the A~! matrix yields the system

BrL 0

Ly = knpPral——3" (45)
. B <9 1)
TRi = @B RLB'RU “h (46)
a2 Brp . PLEY
= b (LO-CO-0)"" o (47)
2 2 R 5 A —
Lps = @ (LO~070) ™ BPee e (48)
The change in constants are given by
e
~ L
b = PP [Z THi “R] ' (49)
B nPelin (50)
1/6
where 7rL r= L B and e % are residential and expenditure shares from the initial equilibrium,
T L = o107 P d

where the expression for U comes from summing up (45).
Now define §; = 4; / (I'L Qi)l/ ! as the double-differenced change in y; between two periods relative to the

geometric average change across the whole city. Then this system becomes

L = @y
Fri = é?{;’%
7§Fz = ‘%Z;lﬁr}?
EFL = gfff

1jrig
J Fj
F eLRJ
@Fl_AFZw”dﬂ -
PR,
. NGV
(ij
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iFj = (LFJ/q)FJ) ‘i)Fj

and

oL 0L
where A = {H >, Tis ZJQ&:: ;AR = {H >, 5 ﬂeA:
J J

.\ (0107 TN
e = (I, 7 Tk dfj ! (if*) 1 . To solve this system, one can begin by solving for ®g;, ®r; using
Ri
{0,dij, Lri, Lp:} following the procedure outlined in part 1. With these in hand, 7}, 7/, 7/, can be computed.

Then, a change in the transit network d can be fed into the system above. This constitutes a system of 8N
equations in as many unknowns {iRi, ipi, ipi, 7331-, ﬁpi, &)Ri, épi, &)Fz} given data {Lr;, Lri,d;;} and parameters
(0, Bz Brgs Bre» By ). Any model with a gravity equation for commuting with commute costs d;;, commuting
elasticity ¢, and the reduced form Iny; = B In P ri+Brln ® 1y + e; will deliver the same distribution of relative
changes to the shock across the city.

Part 3: Level Impact of Transit Infrastructure. Solving for the level effect of a counterfactual change in transit
infrastructure requires solving for (i) the scale of each relative change variable from part 2 and (ii) the three
endogenous scalars f], i, E until the system of equations (41)-(50) holds. This is a system of 8N + 2 equations in as
many unknowns, if the value of either Uor L is known. This last condition is realized by alternative assumptions
on population mobility. In the closed city case, city population is fixed so that L = 1. In the case with migration
into the city, two equations in Uor L are provided in Appendix E.1. The additional data requirements to solve this
system are the shares 7-'# and 7/ (which can be solved using {Lp;, L, d;j,0}. The additional parameters
required are 3, op, as can be seen from the exponents on the scalars in (45)-(48).

Part 4: Isomorphisms. Consider a model where the supply of commuters is determined by a gravity equation

L;; = ¢d;7iki;. Then the supply of residents and labor are given by Lr; = v, ®r; and Lp; = §;®r; where

Following the results in part 1, this solution has a unique to-scale solution.
Now suppose that in addition to these two equations pinning down CMA, the equilibrium can be written as a

system of K equations in K endogenous variables {y1;, ..., yki}le of the form
H Yok = A@Rz elh forh=1,...,K (51)

Then this system can be written of the form

a1l i In gy, bl bt lnéu—HnS\l
=1 ln@m—l— h’l(i)pi-f—

ag1 o ok | |Ingg; bl bE Inég; +InAg

o Alny, = b Indgr + 0" Indp; + Ine;

& ny; = ﬁRln‘iRi —I—,@Fln(i)pi + A 'Ine,
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Exponentiating the system and assuming unobservables are constant across equilibria yields*
N &EBRAGBFA | 4—13 _
Jin = @, " Py, {A )\}h forh=1,...,K

Relative changes across the city are given by

y b= (bﬂR h(bﬂFh
3

where

J Fj
2 Lr
‘] A
CI)Fz = pPF E 71—1] x Rji
J Rj
i -1/N : -1/N H,ngj K LRJ
Fj _ R _ PR F ®R
where pp = [[;>_; ™ ” Rij = cor =11, 25 e nj,: ,and 7 = T, i = LJR can be
Qr; Rj Z Kij 3 Tp; E Kji g5

solved using the to-scale versions of the CMA terms. Taken together, this is K + 2 equations in the K + "
unknowns {g;, 1<, ® g, @ ;. Thus, I have shown that parts (i) and (i) apply to any model of this class. Appendix
C.4 provides explicit examples of models that fall under it. ]

D.1.2 Proof of Proposition 2

This proof considers a slight modification of the baseline model, in which individuals (i) have separate
productivity shocks over workplace locations and preference shocks over residential locations, (ii) own an equal
share of the housing stock and (iii) face a labor income tax of ¢;; = 1/(1 + 6).

The reason for these changes is that efficiency requires lump sum redistribution to workers (i.e. part of income that
does not depend on workplace location). In the decentralized equilibrium of the model in Section C.1, income
always depends on workplace location. Even if total income is y; = w; + e for some lump sum transfer e and
productivity shocks are over pairs ij, then total income is y; /d;; % E [¢;;|Choose ij]. Since this average productivity
term depends on the choice of workplace location, there is no longer a location-independent portion of income.
Despite the slight difference between the model used in this proof and the baseline model, simulations that feed in
a very small shock (a constant dIn d;; = 0.00001 Vij5) into an efficient version of the baseline model (i.e. where

puu = pa = 0) confirmed the expression for the welfare elasticity derived in the proof holds in the baseline model

too.
#Note that
R R L,
br, =¢ TijRij = J
j Crj
(i) N F o~ LR’L
Fj=2¢C TijRji=
. Dr;
Kij éFj Rji gRj
where 7t = ——"Fi oF — __~ R an be solved using the to-scale versions of the CMA terms. So unique to-scale values
(¥ LF (%] Z L
P K4
ALK 3o I F Ry

for the changes in CMA terms are pinned down given values L Ris L, yielding the full system of equations that characterizes
the equilibrium. Uniqueness (to-scale) of this solution in changes follows the same argument as for the solution in levels, given
they have the same functional form.
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Equilibrium Equations. The equilibrium equations in this model are

=~ (wgr ! ’
Lpi=L |28
Ud;;

Lij = LRZ.(( (JI)):J/ i)
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where Y = 3, V; is aggregate expenditure, & = a~%(1 — a)~(1~% is a constant, and

(1-aB)Y =(1—-p)Y + B(1 — )Y is total expenditure on residential and commercial floorspace. Note that the

preference draw v;(w) and productivity draw ¢;(w) are both drawn from a Fréchet distribution with unit scale and

shape 6 > 1, and workers choose their residential location before deciding where to work.

Planner Problem. The planner knows the distribution of individual heterogeneity, but not their specific draws.

She announces a policy where workers receive some amount of the consumption and housing good per unit of

effective labor supply based on where they work, as well as an amount based on where they live. In particular, the

policy for someone who chooses to live in i and work in j with productivity e is

Given these policies, individuals make free decisions about where to live and work. Utility from each choice is

. B s _\1-8
Uij(e,v) = uy (;—l;e + éi> (ij €+ hi) v. Since this is non-linear in ¢, I constrain the planner to policies that

make the two transfers proportional to one another (with a constant of proportionality that can vary by residential
location), i.e. ilij = Liéij and C; = LZ‘B,‘. Then Uij (6, V) = uiLg_'BCij(G)V.

The planner then chooses the consumption policies and supply of residents and workers to maximize utility
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subject to the following technological constraints

°D
op=1\ 75T
¢ Goods Feasibility: <Z k Chij = L;;(¢;jei; + €), where cg;; is the amount of variety k consumed by

individuals choosing ij. (Each variety is a freely traded good from a particular location, i.e. Armington

without trade costs).
* Residential Housing Feasibility: Hr; = >_; Liji(Cij€ij + ©)
¢ Commercial Floorspace Feasibility: Hp; = Hp;
* Production Technology: Aiﬂ?f]};“ =, Cirs

e Effective Labor Feasibility: L; = 3", Lije;;

= (ual P (o1
e Worker Mobility: Lr; = L <L(UR+)) _

(wj/d'ij)eLR,

¢ Commuting Mobility: L;; = =4 i
* Residential Feasibility: L = 5", Lp;

1/6

* Effective Labor Technology: €;; = CDqujijd”

e CMA Definition: ®r; = Y, (¢;/dij)°

The Lagrangian is

|
]

L

+ Z% ( ot 1 - Lij)
+Z7—z Z ng/dz]) - Ri
1/0 1 B
+Z¢l] ( . d gij) +NJ<LZLR1>
i ij P

The first order conditions with respect to the choice variables {U, & s bis Cis Cijr Lij, LRi, L Fi H i, €j, PR;} are

Pri  9ij€j .
(vij + Kiti)Cij€ij Lij = Li (91/%';‘ + O — 9isy j) (¢ij)

Lpg; L;j
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Z(éiﬁij +¢)riLij = (1 —p) ; (¢4)
j 1
U _
Z Lij (vij + Kiti) = pi ey — (ci)
; Oy + ¢
cuig\ 7P
)\k: = Vij (Czj) (Ckij)
6= (1—a)\A L\ (Hp;)
i = (1 —a)NA; | = Fi
Hp;
i€ij = (vij + Kiti) (Cij€ij +€) + s (Lij)
Lij 1 piU
o . Lg;
Zj:wJLRi 9LR¢+M (L)
Gij + Lijeij (vij + kiti) = §5Lij (€5)
10 o Ly
T o o7+ Z% By Z Bii q> (®r2)
Hp\ ° ~
& = ard, (;) ()

lzzp,‘ (U)

and each of the constraint holds (to provide a condition for each multiplier).
Consumption and Housing. Define Z;; = vé;; + mﬁu = ¢;; (v + Kit;) to be expenditure per unit of effective labor (as
shown below, v;; = v Vij). Likewise, define Z; = ¢; (v + k;¢;) to be the expenditure on the fixed good so that

¢ = Z;/ (v + Kit;). Putting these into the mobility condition yield

= Lpi\ * yh 1/9
U= (= i (N + &),

where @1/ 0 (> (@is/di;)°] 7% To solve for 13, from its first order condition (FOC) I obtain
Rils Pz’U
=(1- .
U+ Kil; ( /8) Zj (Jiij@‘j + i‘z)L”
To solve this, I need a value for p;. From the FOC for ¢;,
U
Lii = pi—r——.
1 /19 + 7

The definition of €;; yields Z;;€;; = é}{ie so that average income is constant across workplace locations within a
residence location. Using this to simplify the denominator in the FOC for ¢;, combining these two conditions gives

U+ Kl = ’U/ﬁ Substituting this into 51']' = félj/ (U + /ﬁ?ibi), C; = fl/ (U + /ﬁ?ibi), iLij = Liéij and ;LZ = 1;C; ylelds

Cij = ﬁ:ﬁij/v
hij = (1= B)ii; /i
C;i = ﬁjz/v
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Plugging this into the expression for utility gives residential supply

- (wagis] ! '
Lpi x L Tl

where §; = Z;;€;; +7; = é}{f + 7, is average income of residents in i. Substituting this into the expression for

residential feasibility provides an alternative expression for average welfare

,11/°
Z (UigiH?_l) ]

i

U

Residential Floorspace. Using these results, the floorspace market clearing condition implies

LRy
Rj '

Hp; = (1-p)

Ak
Vij

Production. The FOC for cy;; implies cy;; = ( ) o C;;, which plugged into the definition of

g

op—1 op—1 1
Cij = <Z kChij > ’ yields v;; = v = (3, A, 7?) 7P Vi, j. The market clearing condition for goods implies
A;LYH ™ = A7 7P07P 1 BY

where Y = ). Lg;y; is aggregate expenditure. Combining the FOC for labor and commercial floorspace gives

Hp; = 125 %fm and substituting this back into the FOC yields both factor demands and an expression for A;

giii = Oé)\;‘_UD’UUDilﬂY
51HF2 = (1 — a))\ll_UD’UUD_lﬂY

1—
5204 62 [e3%

)\,‘:04 AZ

Labor Supply. Finally, one needs to solve the spatial mobility condition, i.e. the FOC for L;;. First, note the
condition for L g; implies ¢;; = 1;. The FOC for Lg; and L;; can then be combined to get

_ -~ _ _ 1 plU
fjeij = T;;j€;j5 +x; + aLRi + u.
Substituting in the value for p; from above gives
s e 43 0 £z 0
Xii€iq T = ——Gj€ij — 77— M.
7€ o+ 159% T g 1

Note that this implies that expenditure per effective unit of labor depends only on workplace location

(55 = ﬁ& ;), and expenditure per worker is constant across residential locations (z; = — % ). Substituting the
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expression for ¢;; into the commuting constraint gives

(&/dij)°
S ()i

Taking Stock. The solution to the planner’s problem is the vector (U, k;, v, &;, 8, Ai, L;j, Lr;) that satisfies

_ u-g-/g’.Bil 0
Lpooc L | 288
R ¢ Ud;;

(&/dij)°
L = Lgy—>2247
T (e di)]
LFJ = ZLijgij

&Li = a\ "7 u7P T BY

‘ §a51 @

i = A
Lriys
Hp, = (1-5) Zy

51’HF2’ = (1 — Oé))\ll_UD’UUD_lﬂY

0 1/6
U X Z (uigiﬂfil) ‘|
g — L 0

Ri — gt

0
(I)Ri = Z <9+1§J/dtj>
J

9
where 3; = (I>1/ o %u and ®p; = > ; (%5 i/ dij) are functions of these variables and the planner’s multiplier

on the residential feasibility constraint p. This is the same set of equations as the decentralized equilibrium with
(Ki, v, &, 05, Niy Tij, ) = (TRis Py wi, T4, Pis ﬁwj, — 1+0 e),i.e. when t;; = 1/(1 + 6). Therefore, under this

condition, any competitive equilibrium also solves the social planner’s solution and is efficient.

Welfare Elasticity. Using the envelope theorem, the change in welfare to a change in commute costs is

8(7 o _9’(/&']'[/1‘]‘ . eTiq)Rii

adij - dij dij LRi
olnU Lij (91/’1] 97@1}7)
8h’ldij U

Combining the FOC for ¢;; and €;; give {;€;; = 0v;; + 07; 7 @Rl . Defining w;; = £;¢€;; to be average labor income for
commuters along ij, this simplifies to B

olnU _ wijLij

Oln dij o U

Substituting the expression for p; into the FOC for U implies U = 3_, Lr;¥;. From the adding up condition it must
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be that
1
ZLijyi = ZLijwij + (1-75) iZjLijyi + B(l-aw) iZjLijyi Y iZjLijwij

z] )
—_———  —\

Total Income Labor Income  Income from Res Floorspace  Income from Comm Floorspace

Thus U = J5 3, Lijwi; and

olnU —af wz]L’Lj
Oln di]‘ Ers WysLips

Adding up to compute the change in utility dIn U to a vector of changes in commute costs {dInd;;};; gives the
result in the proposition. Note that the parameters «, 8 account for the fact that some of the gains go to factors
other than labor, but these equilibrium price effects do not matter to an infinitesimal change in commute costs and

thus do not impact welfare. |

D.1.3 Proof of Proposition 3
Part 1: Wages

To construct the system of equations used for solving for wages, I collect the expressions for supply and demand

for workers. Labor supply Lr;, = w 5@ Fjg can be rearranged as

> L
[ ng —04
Wig = LFJg § : dija
i,a Zk wk:q zk:a

This is a system of equations in w;, given parameters and data {Lriag, dija; LFjq - The problem is that I do not
observe employment by group, but only employment by industry L ;5. However, I can combine this data with the
structure of the model to find employment by group for each location.
From CES demand for each group’s labor, the share of any industry’s (effective) employment by any group g is
given by

Lisge _ (/o)

EFjs Zh(wjh/ash)_a.

Summing this over industries yields total employment by group in a location

(wig/asg)™7 =
LF J9 g LF i
e Z > (win/asn) =77
It remains to express effective units of labor supply in terms of observed data and wages.
Start by decomposing L, in terms of data and wages as follows. First, compute the average productivity of

workers in j

1
99
¢ = E'elg, Choose j] = ZE €|g, Choose j from(i, 0)] Pr (i, 0|7, g) Z% ()
Tjliog

Next, break down the probability as

Pr (Z O|j g) — B T jliogTiog B 7Tj|z’ogLRiog
Ol 9) = Tioljg = =
Zr,u TjlrugTrug Zr,u 7'l-j\rugLRrug
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So

1 )
U T4 1 ﬂ—j\iogLng
€ig = 1Ly i|i

71—
Jliog g . .
o dijo Zr,u T |rug L Rrug

Next, note that

€ — E :g, ol 7} :g Lpjgs 2 : (wjg/asg) ™% /€ig
Jjs — 719glgs — 79 €jg o/z.
P Lpjs > on(win/asn) = [En

Putting these results together, one gets

Lrjq (wjg/asg) ™ €js

&g 5 > on(win/asn) ™ €jg

Lpjq = Fjs
Substituting this result back into the expression for labor supply, I find that wages are the fixed point of the system

wy = Fyg(wy; Lry, Lrs) where the operator F,, is defined to have the j-th element

Wig/a 7 € Lg -0,
Eug(wgyLFvaRg j= ZZZ]//?())UEJSLFJG Z¢dwo
h Jh/Xsh 19 ,0 Zk: k:g iko

= Flyg(wg; LFs» LRg)jFowg(wg; Lrg);
1 ’/lezogLRiog

10,
lgd Z'ruﬂ-ﬂm‘«gLR’UQ

_ (wjg/osg) 7 /Ejg
26 Son(win/asn) =7 €

where €;, =T}, Zw

€js =
g

Note that the operator F,,, has the following properties:

* Monotonicity. Transform the system into log-space. From Euler’s theorem, since F; is homogenous of

degree zero, for any vector d Inw
> St =
Oln WEh
so the total differential of F'4 to a vector of wage changes is zero. The second term is monotonic in w, which

is a positive transformation of In w. Thus, the operator F,, is a strictly increasing function of In w. By the

chain rule, F,,, is a strictly increasing function of w.

* Homogeneity. Consider first £,,4. The first part % is homogenous of degree zero in wages.
in/sh
From the definition of €;, and €;, these too are homogenous of degree zero in wages. Therefore, F,,, is
homogenous of degree zero in wages. Next, note that F»,,, is homogenous of degree one in wages, so that

F,4 is homogenous of degree one.

Therefore, by the results in Fujimoto and Krause (1985) there exists a unique (to-scale) solution to the system
Wy = Fyg(wg; Lrs, Lrg).
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Part 2: Remaining Unobservables

Given wages, ® piqg, Wis can be computed. The total wage bill is obtained from
WisNjs = Z wigLpjgs

(wjg/asg)~° _
= S e bt
PN winfagn) e T

This allows me to obtain sales from a; X ;s = W;;N;s. With this in hand, productivity comes from
1—¢
Was rllm s
X, = | 2 f5 X
J ( A]s >

Lump sum income from the housing stock is recovered directly from 7 = L~! > ;(rriHR; + 7riHp;). Amenities

since X is also observed using ® riqg-

are retrieved from the resident supply condition

0 _ _1\ g
Lriag = ALg (umg (T (I)R/zag ArRs = Peara + ™) 1)
= (LRiag/ o) "7 ;"
Uiag 1/6 -
(TQCDRiag — hTRi — Pcar@ + 7T)

To solve for unobservables in the housing side of the model, I need to introduce a new pair of location

characteristics omitted in the main paper for notational brevity. In particular, the floorspace market clearing

condition rr; = Ifn will not necessarily hold at the values for data and estimated wages (where E; is total
expenditure on housing from residents of 7). I therefore introduce an additional unobservable so that

Hp;=H ri&ri, Where Hp,; are physical units of floorspace and {g; are effective units (or housing quality). These
unobservables can be solved for from the housing market clearing condition {ri = Ei__ Similar residuals for

RiTRi

effective units of commercial floorspace {; are obtained from the commercial floorspace market clearing condition

€p = %F)X, and total floorspace supplies are given by Hp; = H ri€riand Hp; = H 7ilFi.

Finally, it remains to solve for the land use restrictions 7;. These can be identified from

TrRi&Ri

(1 a Ti) - TFigFi

for locations with mixed land use. For locations with single land use, the wedges are not identified but are
rationalized by zero productivities (for all sectors) or zero amenities (for all worker groups) and thus will remain

single use across counterfactuals.?’ [ |

D.2 Additional Details and Definitions

In Section 3.1, the constants defined are T, = 7979T~1/ , V0,9 =T (1 - —) Mg = Lg(vy.4/Ug)" and

Mg =T (1 - %) where I'(-) is the gamma function. Expected utility prior to learning match productivities is

“These solutions are unique to scale. In practice, as discussed in Section D.7, I normalize the geometric mean of wages and
floorspace prices to one. This affects the scale of unobservables such as productivities and amenities, but has no impact on
relative differences in exogenous characteristics or endogenous variables across locations or counterfactuals.
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= 7\ . B—1
Uiag(w) = Ujag (yiag — Pcar@ — T'Rih) T%Z— Via (w)
—1/0g
Tiliag TjliagLRiag
dija 2o TjlrogLRrog”

7P X where X =), B(E; — hrriLr;) is total spending on goods in the city and

Average productivity of type-g workers who work in j is given by €;, =T, >, ,

S

Firm sales are given by X, = p;
E; =37, «(Uiag — Pear@ + ) LRiag is total spending on goods and housing from residents in i.

The shifters are normalized so that ¢;;, = 0 V%, a. This is equivalent to always taking a weighted average travel time
of available modes, where the weights are the preference shifters b,,.

TransMilenio may directly impact productivities A;, and amenities #;q4 (e.g. through street improvements, crime,
pollution). My empirical results which control for distance to station (which captures such effects) show little effect
on CMA coefficients, motivating their exclusion from the model. Since Ahlfeldt et al. (2015) find amenity and
productivity spillovers decay rapidly across a few blocks, and the median tract contains fourteen blocks, I omit
cross-tract effects.

The model requires that 7 > peqra + 7 rih Vi such that Uiag > 0, since the Fréchet distribution implies there will
always be a positive mass of individuals with income arbitrarily close to zero. This is satisfied when the model is
taken to the data.

Estimation Details Section 5.1.2 refers to adjusted RCMA which captures net income growth. Letting ¢t — 1 and ¢
reference the pre- and post-TM periods, adjusted RCMA is éRiagyt,l = Tg7t,1<I>ng’t,11/90 — Pear,t—1@ + m—1 and

LY =Ty (@R, )Y = pearsa + m. The change is simply Aln égl./(’l’; =1In ‘i)ﬁz‘z‘/&z,t —In®Riqg 1 for
k€ {LCP,Tram}. Then Al ®f, = By [Aln &R/t ],

The section also mentions that log-linearizing the expression for residential population shows that tracts with
expensive housing where CMA improves should see a greater rise in the college share. Performing the

log-linearization or (6) yields

Mg

7 AlnPrigy —ny(1 — B+ Mgg)Alnrm + €iqg
g

L
Aln Lpiag = Hiag
where €iqg = apf,, A pear + pf,, AT + 7y A uia,. Here uﬁlg = Tg<I>}{/i99 /Tiag and Mﬁg = rRih/Tiag are the share
of labor income and fixed housing expenditure of total net income. Note that 1}, is greater for poor individuals
since they spend a greater fraction of income on housing. Thus, poor low-skilled workers are more sensitive to

house price appreciation and are less willing to pay for improved CMA than the high-skilled.

D.3 Bootstrap

To incorporate uncertainty from the parameter estimates into the welfare estimates, I bootstrap the quantification
procedure 200 times.

For the single group sufficient statistics model, I draw values for the 10 estimated parameters

(K, bBus, bcar, brar, A, 0K, Br g, Brr, Bres By ) from normal distributions with means equal to the point estimates
and standard deviations equal to the standard error of the estimates. I consider only draws which have
non-negative commuting elasticities and reduced form elasticities, otherwise the model has issues converging.
This represents 95% of all drawn parameter vectors. I also disregard a small number of draws with an implausibly
large value for the agglomeration elasticity (14 > 1) since this can lead to nonsensical negative welfare estimates.*

I then compute confidence intervals across the 200 bootstrap estimates. In Table 6 the estimated parameters are

®Including these simulations widens the 90% and 95% confidence intervals to (0.332,6.610) and [-0.064,10.677] respectively.
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used for welfare estimates in the first two columns so confidence intervals are reported, and the non-parametric
p-value for whether the fraction of welfare gains accounted for by VTTS is less than one is simply the fraction of
the 200 draws for which this is not true.

For the multigroup model I repeat the same procedure for the ten estimated parameters

("17 bBus: bCa'ra bTMa Av og’ia Tlgs LA, :u?j)

D.4 Mode Choice Problem

After making their commute pair and car ownership choice, workers choose which mode of transport to commute

with. From (1), the problem is

i, {o (Ktm B+ vm (@) }
i {oxp (st = B+ v ()

When v;, (w) is drawn from the GEV distribution F’ defined in the text, choice probabilities are

Tmlija = Tklija X Tm|ijka
Ak
K K
(ZTLEBk €xXp <bn - EQ]n)) exp <bm - Etijm

X
Ak/
Yok (ZneBk, exp (bn - /\Lk,twn)) > oneB, €XP (bn - T’ztijn)

where b,,, = by, /A (m). That is, the probability a worker chooses mode m can be decomposed into the probability
they choose the nest containing m and the probability they choose the mode from the options available in that
nest. This is commonly known as the nested logit model. This is estimated via maximum likelihood as described
in the main text.

Standard results imply that the expected minimum cost

E { max {l/exp (/itijm — b + Uijm(w)})] = exp (—#tija)

meMq

is related to the denominator of these expressions through the expected travel cost index t;;, as defined by (2) and
(3) in the text. Note these estimating equations are the same for the multi-group and single group model (see
Appendix C.2).

D.5 Model Inversion

The model contains unobserved location characteristics, such as wages, productivities, amenities and land use
wedges. While the presence of agglomeration forces allows for the possibility of multiple equilibria, I am able to
recover unique values of composite productivities and amenities that rationalize the observed data as a model
equilibrium.

There is a key difference in this process compared to recent quantitative urban models (e.g. Ahlfeldt et al. 2015). In
those models, there is one group of workers. It is straightforward to combine data on residence and employment
with the model structure provided by the gravity equation in commuting to solve for the unique vector of wages
that rationalize the data. To replicate this in a model with multiple skill groups requires data on residence and
employment by skill group. While the former are typically available in censuses, I am unaware of datasets that

provide employment by skill group across small spatial units within cities. This is where the model’s multiple
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industries become useful. The data contain employment by industry. Intuitively, given the differential demand for
skills across industries, the relative employment by industries in a location should be informative about the
relative employment across skill groups. The following proposition formalizes this intuition, and shows that a
unique vector of group-specific wages can be recovered using data on residence by skill and employment by

industry. Obtaining the remaining unobservables is straightforward.

Proposition 3. (i) Wages Given data on residence by skill group L g, 4, employment by industries Ly ;s, commute costs d;j,
and car ownership shares )\, ;4 in addition to model parameters, there exists a unique vector of wages (to scale) that
rationalizes the observed data as an equilibrium of the model.

(ii) Remaining Unobservables Given model parameters, wages and data { Lrig, Tajiag, Lrjs, Hi, ¥, 7Ri, TFi ) there exists
a unique vector of unobservables {u;qg, A;s, Xjs, T, 7} (to scale) that rationalizes the observed data as an equilibrium of the

model.

The procedure to estimate the parameters of the model proceeds in four steps. First, a subset of parameters is
calibrated and estimated without solving the full model. Second, wages are recovered using parameters from the
first step. Third, the remaining elasticities are estimated via GMM using moments similar to those in the reduced

form analysis. Fourth, with all parameters in hand the model is inverted to recover the remaining unobservables.

D.6 Calibrating o,

Under the CES aggregator for labor, the relative wage bill paid by firms to high-skill workers in location j and

sector s defined as \jsg = wjgLpjms/wirLrjLs is

l1—0o o
W5 H Qs
AjsH =\ - .
w;L Qs

Taking a double difference of this ratio in sector s relative to a reference sector s’ gives

QsH 7 Qs H 7
Nistt/Nisrm =
- (22" (220)

which holds for all workplace locations j. Using that as;, = 1 — a5 yields

. 1
B (Njor [ Njsrn]

14 —Serm [)\jsH/)\jS,H]l/U’

l—ag gy

Osg =

where E [\j 1/ \js m| are observed at the city-level in the ECH data. This allows identification of o, to scale
(relative to the value of oy in the reference sector). Using the manufacturing sector as the reference sector
s’ = M, Ipin down a g with a departure from the spatial aspect of the model and use that under the CES
aggregator the share of the wage bill paid to high-types is

1-0o

Share of Wage BilltoH,, = — il

—0

wir TGy +wp 7(1—anm)”

Plugging in the left-hand side (observed at the city-level in the ECH data) along with the average wages wg, wr,

observed in the manufacturing sector in that data allows me to recover a value for a/ .
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The results are shown in Table A.8. The first column shows a5 while the second shows the relative wage bill of
high-skill workers. The table shows a sensible and monotonic relationship, where industries such as Education
and Financial Services have the highest weight on high-types and Domestic Services and Hotels & Restaurants

have the lowest.

D.7 Model Solution

Calibrating Ty, h, pcar Given the parameter estimates in the previous section, for any value of 7} it is possible to
solve for the full distribution of wages across the city. Since the vector T}, is not identified to scale, I normalize
Ty, = 1 and calibrate T so that the aggregate wage skill premium in the model matches that observed in the data.

This involves jointly solving the system of equations for {7, w4 }

Iﬁ o TH Zia (I)}{/ZI;JAMLH
- 1/0L
Zia q)Rw,LA“lL
Wg = Fg(wg; Lpg, LR97 TH)

where WP = 1.713 is the wage premium observed in the data, the term next to it is the wage premium as
predicted by the model (where )\, is the share of type-g workers in cell (4, a)), and the operator Fj, is the system of
equations used to solve for wages as a function of observables as given in Section D.1.3.

Having solved for wages, the parameters h, p.., are set to exactly match the average expenditure share on housing

and cars. In particular, they solve

T‘ZL 1a
1-B+h> RER e
iag

i,a,9

Sag Ll g
i,g T (I>R1ag

where P is the aggregate price index,* &y = 0.3075 and &c = 0.1513 are the aggregate expenditure shares on
housing and cars respectively from the GEIH, and \Aiay and A, are the share of all individuals in cell (i, a, g) and
the share of car owners in call (i, g) respectively.

I solve for these parameters to exactly match the observed data in each period. For example, for the post period I
obtain Ty = 2.016, h = 1.2097 and p.a, = 117.37 (with 7).

Algorithm for Solving the Model The system of equations to be solved are provided in the proof of proposition

1. In this section, I outline the iterative algorithm used to solve for the equilibrium of the model
1. Guess a vector w?, 9%, 40, A°
2. Given a wage vector w’, 9%, rt, ut, A
(a) Compute Hp; = 91H;, Hyy = (1 =0 Hy, @y = D25 (why /dija)® and W = (32, aZf (wh,)' ~o*) =

(b) Compute P, = (Zj,s (((Wfs)a(r%j)l_“/Ajs)1_0) ™7 where oy = (1 —7)r}

“This can be computed given calibrated wages and productivities, as well as observed commercial floorspace prices.
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(c) Compute LY, from

1/6 - —1\"e
_E (ugag (qu)R/iag - hr%z - piara’ + ﬂt)Tgi )

Liag = Lg
10 7 1\
2o (“f*og (TQ‘DR/mg — hrp, — pho+mt)rp, )

Riag

where pl,, = pear Pt and n* = L™ (3", Hrirgi + HpiTFi)-

(d) Compute labor supply L, = (w',)% '  where ¥ =T, ZT’O(CI)'}%OQ)f%Td%th

Jjg Jjg’ rjo *“Rrog*

(e) Update the main variables

Wjg =

1
(Pt>alet Zs Bl_sgA;TS—l(WZpS)aL(1+a5(01))(r%i)(las)(gl)] OgtopL—1

Vi
. El+(1-a)Y!
= —4—1
i H,
1 1€ DR\DF
7§i =40 xS DF\DR

E! .
Fra-ayr (€DPrNDr

Ajo = Ajg(L; /Ty)14

'&/iag = aiag (L];%iH/L]}ii)MU

where X! = 3 Zi,g,a(Tg(‘bt

Riag
Yi=3.(pt) (A Pt)° 1 X" is firm sales in ¢ and

?

Ef =rihLiy + (1= 8) 2, ,(Ty(Phiug) "% = plora — rih 4+ 7 LY, is expenditure on housing.

V% — pL..a—rth 4+ 7t) Lria, is aggregate expenditure on goods,

3. ||(w, D, 7,1, A) — (wh, 9%, 7t ut, A?)||oe < €r01 then stop. Otherwise, set
(it Yt et gt ALY = ¢(wh, 9t rt ut, AY) + (1 — ¢) (@, D, 7, @, A) for some ¢ € (0,1) and return to

step 2.

Since the equilibrium system is only defined to scale (it is homogeneous of degree zero), I normalize the geometric
mean of wages to one. In order to keep the scale of different variables on the same order of magnitude, I also
normalize the geometric mean of floorspace prices to one prior to solving for the model’s unobservables. This
affects the scale of unobservables such as productivities and amenities, but has no impact on relative differences in

exogenous characteristics or endogenous variables across locations or counterfactuals.

D.8 Benchmarking the Amenity Spillovers

The estimated amenity spillovers can be benchmarked to Diamond (2016) who estimates a spillover of the form
Uiy = Uig(Lgi/Lri)*vs finds on average up ~ 2.62. To a first order, in this paper uy;y & @i (Lpri/ Lri) 0o =m0
where 7y is the share of high-skill workers. Using 7y = 0.3 from 2005 (the midpoint of the period in question), the
average estimate of 0.818 gives E [uy 4] (1 — my) = 0.572, about one quarter of Diamond (2016).
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E Model Extensions

E.1 Migration

The baseline model considers a closed city with a fixed population. This section relaxes this to allow for migration
into the city from the rest of the country.

I assume that workers in Colombia face a choice to live in Bogotd or the rest of the country. Workers make their
migration choice based on expected utility in the destination; their expected utility is U in Bogota and U%***! in the
rest of the country. This latter term is an exogenous model parameter. Letting individuals have a multiplicative

preference n(w) for each choice distributed Fréchet with shape parameter p > 0, the number of workers choosing

_ U \’*
_ 7Co0l
L=1L (URest> ’

where L is the (exogenous) population of the entire country. In changes this yields

to live in Bogota is

Ur

N
mBog Ur + mRest

hb

where I have assumed that ﬁrest =1 (i.e. average utility in the rest of Colombia is unaffected by TransMilenio),
and 7829, rfest denote the share of Colombians living in Bogoté and the rest of Colombia respectively in the initial
period. The remaining equations of the model are unchanged, this simply turns L from a model parameter into an
endogenous variable.

—

The change in welfare of Bogota residents is now E [Un(w)|w chose Bogotd] = {WB g TP + wReSt}

E.2 Congestion

Overview. This section develops an extension of the model that incorporates congestion. While the same system
of equations will determine the equilibrium of economic activity in the city given a matrix of commute times, a
separate system of equations will be added that determines commute times as a function of economic activity
(through the number of commuters). These will then be solved jointly to quantify the response of the equilibrium
to a change in infrastructure allowing for congestion.

The extension blends elements from Allen and Arkolakis (2021) and Gaduh et al. (2022). Commuters travel along a
network where census tracts are nodes and adjacent census tracts (in the network sense) are connected by edges.
They choose a route between an origin and destination, and for each edge in that route they pick a mode. This
extension inherits elements from the nested logit model in the paper. If an individual travels using the public nest,
they can choose between any mode in that nest (walking, bus, TransMilenio) for each node. However, if they travel
by the private nest (i.e. car), they travel by car along each edge. Individuals have route-specific Fréchet shocks,
yielding convenient expressions for d;; as the expected cost over all the routes they might take between i and j.
Travel time on roads by car is subject to within-mode congestion through a power function of the volume of car
travel along that edge.

Congestion is incorporated by building off the working paper version of Allen and Arkolakis (2021).>° Unlike the

published version, I allow the elasticity with which commuters choose origin-destination pairs to differ from the

SThis version is Allen and Arkolakis (2019).
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elasticity with which they choose the particular route to get there. This choice is made for two reasons. First, it is
restrictive to require commuters to have the same heterogeneity in idiosyncratic preferences across pairs of
neighborhoods to live and work as they do across potential routes to get between home and work. For example,
commuters may largely choose the fastest route between home and work (low dispersion in preferences over
routes) but tend to choose quite different home and work locations all else equal (high dispersion in preferences
over live-work pairs). Second, this choice keeps the economic and traffic modules of the model separate. In so
doing, the reduced form elasticities 3, 3 from the baseline model continue to determine the response of
economic activity to changes in travel times. The difference is that now, the change in travel times with respect to
changes in infrastructure will depend on commuting choices through congestion. The extension borrows the idea
from Gadubh et al. (2022) to incorporate multiple travel modes by allowing commuters to choose routes between
origins and destinations across alternative link-mode combinations, but allows for differential substitution
patterns across modes when using public transit as opposed to driving.

Traffic Module. To construct a tractable way of incorporating congestion, I model the routing choice of commuters
using the discrete choice framework from Allen and Arkolakis (2021). Between each pair of locations is an
infrastructure matrix T(m) = [t (m)] for mode m € {Walk,Bus, TransMilenio,Car}, where ¢, (m) > 0 is the
minutes of travel between location k and ! on mode m. If no direct link exists between k and ! on the network of
mode m, I set t;(m) = oo. I also set i (m) = oo to exclude self-loops.

The disutility of travel over link kI using mode m is simply exp (ntkl(m) + E(m)), where b(m) is an amenity
associated with each mode as in the baseline model. I assume these costs are multiplicative, so that if a commuter
chooses aroute r = {i = r9,71,...,rx = j) of length K between i and j, the total cost is exp (K/tz'jy- + 5,,) where
tijr = Zszl troy e My, ) and b, = Zszl b(my,_, ., )- Note here that m,, . ,, is the mode chosen on link
rip—1, 7y of the route. Lastly, I allow commuters to have an idiosyncratic multiplicative preference for a particular
route exp (v, (w)), where v, (w) is distributed T1IEV for minima with shape parameter A > 0. Under the same

structure of preferences from the baseline model, indirect utility from choice (3, j, ) is

ps—1
UiW;T Ry

Uijr(w) = =
! exp (Kjtijr + b, 4+ v (w)

€5 (w).
)

Assuming that workers first choose where to live and work and then choose which route to commute with and

solving this via backward induction, the route choice problem is simply

{exp (ntij,» + b, + VT(w)>} .

min
r€Pr,K>0
Workers become car owners with probability p¢". If they do not own a car, they choose between public modes

only. Properties of the T1EV distribution imply that

E min {exp (ktijr + Vr(w))}] = exp (—ktij;)
TGP}?“b,KZO

0o K
_ 1 -
where tijpub = Y In E E €Xp <_H>‘ E I:t"'k'—lerk' (mTk—lka-) + b(mTk'—lka )}) )
k=1

K=0 T‘EP}?“”’

where PE¥ are all paths of length K using the public transit network consisting of m € {Walk,Bus, TransMilenio}.
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If a worker does own a car, they can also choose to travel using the car alone with

EijCar = _;7 Z Z exXp <_K’)\Z |: Tk—1:Tk mTk 1a7“k) + E(mrkl,Tk)}) )

K=0 T‘EPC"T

where P{" are all paths of length K using the car network. If a worker owns a car, they decide whether to use it
to commute and solve max {t;j pup + €pub; tijcar + €car }- Assuming the idiosyncratic preference draws €pyp, €car
are drawn iid from a T1EV distribution, the probability of choosing to travel using the car conditional on owning a

car is B
€xp (_HtijCar)
exp (—#tijcar) + €xp (—Ktijpub)

PijCar|Ca7‘ =

Note that overall expected utility is

min  {exp (ktijr +vr (W)} + €pup, min  {exp (ktijr + vr(w))} -
rePRu, K>0 rePger, K>0

Ea [mn?X{U“m‘“(“)}} = wiw;r; (W) X [pm (E

= uiwjrgi_leij (W) X [pear (Emax {exp (ktijpup + € ) ,exp (Ktijcar + ) }) + (1= pear) exp (Ktijcar)]

= uiwjrjl‘é;leij (UJ) X [pcar (eXp (Kt_ijOwnCar)) + (]- - pcar) €Xp (’it_iqub)}

where

_ 1 _ _
tijOwnCar = _; In [GXP <_"'€tiqub) + €xXp (_KJtijCar)] .
So altogether

wiw; T e (w)

Ea [mrgx {Uijmla(w)}} - exp (liLTij)
_ 1 _ _
where t;; = - In [pcar €xp (—ktijowncar) + (1 — pear) €Xp (—Ktijpus)]

are average commute times. This therefore is nested within the simple model of Appendix C.1, with a different
formulation of commute costs d;;.

Define A(m) = {akl (m) = exp (tk.l (m) + l;(m)) —m} . As in Gadubh et al. (2022), one can show via induction for the
public transit network that

eXp § Al]P'lLb
where Ap,, = E A(m
meBFub

where Ag pup 15 the ij element of the K matrix power of the matrix A Pub->t So long as the spectral radius of A p,;,

SlFor K =1,
exp (t;j1) "F = Zexp —kpt;;(m Z A(m = Aijpub-
meBPub .
ij
Now suppose that exp (t:j,x) " [A pub] . This is the sum of all weights along all paths between ij of length K. To compute

the same for paths of length K + 1, one s1mply multiplies by the adjacency matrix and sum across all modes that could be taken
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is less than one, %% Af5p,, = (I— A)~! = Bp,; and

_ 1

t“p b = 7*1Hb“p b
1] Pu Py 1j Pubs

where b;;pyy, is the ij element of B p,;. For the car network, as in Allen and Arkolakis (2021)

_ 1
tijCaT = _H In bijCar»

where Beo, = (I — A(car))™ L.

To close this module, I need to define how travel costs on each link ¢;;(m) are determined. I allow these to depend
on exogenous characteristics ey (m) and, for the car network, the traffic using the link Z;(m) 52 through the

log-linear functional form
tri(m) = exi(m)Eg (m)m,

where ¢cqr > 0 and otherwise is zero. There are L;jcqr = ijCar|CarpcaTLij commuters using the car network,

and so the number of car trips using a link is therefore

1(Car) = E 7Tkl Car)L;jcar-

where 7rz’»“jl (Car) is the number of times the average driver between ¢ and j uses link kl. The results from Allen and
Arkolakis (2021) imply

K (Car) bikcarar(m)bijcar
bijCar
Letting Logr = [Lijcar| denote the matrix of commute flows on the car network, this system can be written in

matrix form as
E(CCL?") = A(CGT) © [B/Car(LCar @ BCa?“) /Car]

where ® and @ are Hadamard product and division operators respectively. This formulation reduces the size of
the matrices that need to be stored, since A(Car), Bear, Loar are all I x T rather than {ﬂkl(C’ar)} which is 1% x I2.
Lastly, I define the exogenous portion of travel costs in the same way as Allen and Arkolakis (2021). Assuming
travel time is given by t;;(m) = (distancey; x speed;;* (m))% and inverse speed is given by

Zki(m)

61(m)
speed;)! (m) = y(m) x (m) T ex1(m) where y(m) is a mode-specific shifter and ¢ (m) is a

link-mode-specific idiosyncratic term, then

distanceg; x y(m) X eg(m
lanesy; (m)d1(m)

)ro X B (m)?m,

tr(m) = {

ek (m)

next

meBPub meBPub

exp (i) = Y [AKwAm ] [Apub S Amm ] :[Af-fubApub]” [Aféjble.
ij

This proves the conjecture.
>2A previous version of the paper allowed for congestion on the bus and TransMilenio network too.
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where d)m = 6051 (m)
Traffic Equilibrium. Collecting the previous results, a traffic equilibrium is a vector {t;;(m), Zx;(m), ¢;;} that given

commute flows L;; and parameters 8y, d; (m), b(m), v(m), lanesy, (m), distancey, pcar satisfies the system

trr (m) = €l (m)Ekl (m)d”"‘

E(C’ar) = A(CCL’I") @ [B/Car(LCGT' @ BC@T') /Car]

tij = —% In [pcar €xp (—Ktijowncar) + (1 — pear) €xp (—Ktijpus))
tijpub = —Klj\ Inbi;pup
tijcar = Y Inbijcar
A(m) = [exp (tkl(m) + l;(m)> H)} .
Apyy = Z A(m)
meBPub

Acar = A(Car)

Bpu, = (I Apy) ™

Boar = (I— Acar) ™
Lijcar = Pijcar|carp®* Lij

€xp (_“it_ijCar)
exp (_HtijCa'r') + exp (_K:tiqub)

-PijC(zr|Car =

The first three rows are a system of as many equations as unknowns, while the remaining rows define the auxiliary
variables of that system.

I refer to this as the traffic module of the model: it determines travel times ¢;; given a matrix of commute flows L.
Recall that the baseline model pins down changes in economic activity {ﬁ ris Lri, PrisPris @pi, @i, &) Fis i Fis U E }
given a change in travel costs {d;;}, which depends on changes in travel times. I therefore also need to express the
change in travel times as a function of the change in commute flows. I will model changes in transit infrastructure
as a change in the number of lanes on the mode in question, lanesi (m). In particular, when simulating the
removal of TransMilenio I will set @kl (m) to a very small number Vki, m = TransMilenio so that

tr1(m) — 00.5 In response to this change in model parameters, the change in traffic equilibrium can be written as

———¢m 2D

tr(m) = lanesy, — (m)=g; (m)
Eu(Car)Zu(Car) = [A/(Car) © (Bia,) (Lear © Blou) (Bly,)'|

_ 1
t’/ijk — tijk = —aln (b;,]k/bmk) ke {Pub, C’ar}

A'(m

~—

_ [exp (sz(m)tkl(m) + E(m)) M}
Pub = Z Al(m)

meRBPub

/Pub = (I - ‘Alpub)_1

kl

3Since ey (m) = %M(m)_”’m, setting lanes equal to zero in the counterfactual would leave éx;(m) = oo and the new
equilibrium would be undefined.
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/C'ar - (I - AI(OG‘T))71

This provides a system that pins down {f;(m), Zx,(Car), ik — tiji} given data from the initial equilibrium
{En(Car),

(m),tz;} and commute flows in the counterfactual equilibrium L’ = L ® L. Since ciij = exp ( (t; — ti;)) with Z;; as
defined above, this pins down the change in commute costs given the shock to infrastructure @kl (m) and the
change in commute flows L.. Combining the economic module of the model with the traffic module provides one
large system of equations that jointly finds the distribution of changes in economic activity and traffic that is
consistent with equilibrium in both modules of the model.

Calibrating the Model. To solve the model in changes, I require values for the parameters d, 5, (m), A, b(m), v(m)
and data ty;(m), Zg;(m). Note that link-level traffic and travel times are unobserved, so these need to be calibrated
along with the deep model parameters.>

Given a value for the parameters 4, J; (m), A, I need to solve for the preference shifters b(m) and speed shifters
~(m). I estimate these to match average speed and choice shares for each mode. With these in hand, I can solve for
tri(m), 2 (m) which are consistent with the model and observed data given deep parameters 4, d; (m), A.

Lastly, I calibrate these deep traffic parameters d, 01 (m), A to existing values from the literature. First, I set the
routing elasticity A = 175 from Allen and Arkolakis (2019). This implies highly elastic routing choices, so that
commuters take close to the least cost route between origins and destinations. Second, as in Allen and Arkolakis
(2021) I'set 69 = 1/6 to match a unit distance elasticity. Lastly, I calibrate ¢, (Car) to give a congestion elasticity
Pcar = 0001(Car) = 0.06, the average congestion elasticity estimated for Bogota by Duranton and Akbar (2017).

ém = 0 for all other modes.

E.3 Endogenous Floorspace Use with Fixed Housing Supply

This section considers an extension of the simple model in which total floorspace supply is fixed but the share
used for commercial purpose 9; is endogenous. To rationalize differences in commercial and residential floorspace
prices, I allow for a tax equivalent of zoning regulations which mean that floorspace owners receive (1 — 7;)rz; for
each unit of floorspace allocated to commercial use. Denoting r; = rr;, no arbitrage across floorspace use implies
rpi = (1 — 7;)r;. This implies that the share of floorspace used for commercial purpose and the floorspace price is

pinned down by

1—0op
He, (1—a) (wp (1 =7)r) =) A 7'E

’191- = =
Hp; + Hp;

6-1 l1—op
=B O L +(1—a) (w (A =m)r) ™) ATP'E

i

*To construct these, I need values for distancey; and lanesy; (m). For walk, car and bus networks these are computed between
adjacent census tracts. distancey; is the minimum distance on each mode’s network between adjacent tract centroids along the
network. For non-adjacent tracts or adjacent tracts not connected by a network, distancer; = co. For the TransMilenio network,
distancey; is finite for two census tracts that are directly connected via the network, i.e. there is no stop between them. The
number of lanes is equal to one for any pair of connected tracts for the walk, bus and TransMilenio network. For the car
network, I first construct dummies for whether a paid is connected via primary, secondary and tertiary connections (which are
not mutually exclusive; a pair can be connected via multiple road types). I then assign five lanes to primary connections, two to
secondary connections and one to tertiary connections to approximate the road widths documented in Google Earth, and then
compute the total number of lanes between a pair as the sum all road type connections (i.e. the maximum number of lanes is
eight).
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l—0op 0—1
(1=a) (we (=) ™) ATPTE 4 (1= B) @) Ly

H;

Ty =

These equations hold for mixed use locations with ¢; € (0, 1), which one can show to be locations where @; > 0
and A; > 0. If either exogenous amenities or productivities are zero in a location, that location becomes completely
specialized in that type of floorspace.

Extending the equilibrium system to incorporate these new equations, and writing in changes assuming

unobservables are constant across periods yields the system

IA’}QTQHU ff(lfﬁ) — i(jfa‘i)m

oD Epalon_1) - R L 6—1
9, (Wit ) TP LAV E (1 - 9)dYO L

7 = -
H;
L 0+ (op—1)(a—pu4(6—1)) A _alep=D+1l G(op-1)+1
A(aD 1)(1—a) =1 Fir—(0-1) 0—1 e
Ly, LU B,
1—0o
~oal— D ;LA(UD 1)
J (w§7; ™) Ly E
= PP

The two equations for #; and ¥J; are no longer log-linear. However, taking logs, differentiating the original system

and substituting out for wages yields the following first order approximation of the system

1=b0uy (1 —5) 0 01 [inLg
~(1=9)% (L 4diop -1 -a)  Vilop-1) (5% —pa) 0| | i, |
0 (UD ~1)(1-a) 0+(ocp— 1)(041 na(0—1)) 0l |In i/Fi B
% (UD—l)(l—Oé)(1+Q9i) —(l—ﬁi)(UD—l) [/J,A—%} 1 11119,'
1 0
1=9)% |, s 9, {ep=pe 2
0 O | Indg + 1+a(§D1 y | @
~- 93 ctoazli=n)

Oln % +InLl —Inl
—0i(op — 1 (%ln[ﬁ/ —1In f]) —;a(op —1)InE —In H; —9;(1 — a)(op — 1) ln(l/—-7i)
(aD—l)lnji—% (lnf/—elnf]) +InFE
(ocp —1)(1 - )lnA ﬁilnEA‘*’ﬂi(l*O&)(O’D*1)111(1/;\7'1)*06(0'D*1)(1*19)|: InL—1In0

Now the A, br, br terms have data in them through the initial floorspace share terms 1J;. This system can once

again be written as

Iny;, = A 'bplndr; + A bplndr; +e;
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(1= ) I 01— B)1 0
(1~ diag (4))%" (1 +diag () (op ~ (L~ ) diag (#) (o0 ~ 1) (525 — pa)
0 (op —1)(1 —a)I 0+(op— 1)9(01 pa(0=1) g
QoGO (op —1)(1 ~ a)(1 +diag (1)) —(1 — diag (9))(op 1) |14 — 5%

where A =

~ o © ©

41 x41

1+a(op—1)
1 1

%(I —_ dlag (191)> A4TxT

Two insights follow from comparing this system to the equilibrium in the baseline model. First, there are now
heterogeneous elasticities across locations since the A~! matrix contains data on initial land shares which differ by

location. Second, since A is no longer block diagonal, each outcome now depends on both RCMA and FCMA.

E.4 Housing Supply Adjustment and Land Value Capture

Housing Supply. This section outlines the extension of the model allowing for a housing supply response to the
transit infrastructure. First, I consider a model where housing supply can freely adjust in each location, and

floorspace use is endogenous as in Section E.3. Housing is produced according to the Cobb-Douglas technology
H; = T, "K]. The price of capital is normalized to one. Defining the production function on one unit of land as

h; = k] where k; = K;/T;, developers solve the problem

rr}sx klry — ki —p;i
where p; 1s the price of land in 4. This yields the density of construction per unit of land of k; = (1)1 = and
profits 7} = p; where ; =1 7. The price of land adjusts so that developers earn zero profits p; = 7r; = . Total
housing supply is then given by H; = T;(nr;) 7= 7. The share of floorspace allocated to commercial use ¥; is
determined as in Section E.3. The remainder of the model equations are unchanged; this housing supply condition
is simply added to them. To ensure this fits the data in the initial period, a residual {; = H,/T;(nr;) s
introduced so that the effective units of land are actually 7;(;. This wedge can be interpreted as the quality of land.
Land Value Capture. In the Land Value Capture scheme, only a subset of locations are allowed to have floorspace
adjust.

Under the distance-based scheme, locations 7 € Z within 500m from a station are allocated a 30% increase in
floorspace. Their floorspace is allowed to increase up to a maximum of 30%, but not decrease (which is the

relevant case for a relatively short 16 year time horizon). That is,

max{1, (7;,)T7} ifi € T and max{1, (#)T7} < 1.3
Hi =413 ifi € Z and max{1, (+;) ™7 77}>]_3
1 ifi¢Z.
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Perfect competition ensures the price of the permits adjust so that that developers earn zero profits, so income
from the scheme is (H’ — H;)r; where prices are evaluated in the new equilibrium.

Under the CMA-based scheme, locations are allocated permits proportional to their change in CMA

9 AlnPpr; + (1 — 9;)Aln & p; so that the number of potential new permits (or, equivalently, the maximum amount
of new floorspace created) is the same as under the distance-based scheme. Here ¥; is the commercial floorspace
share in the initial equilibrium and the CMA changes are those using the baseline measure that hold population
and employment fixed at their initial levels, so this is all information which the policy maker would have at the
time of the intervention.

Parameterization. In the quantitative exercises, a conservative choice for the housing elasticity is made so that
n/(1 —n) = 0.7 to match the most inelastic cities in the US from Saiz (2010). This value corresponds to his value for
Oakland, CA which is ranked the 6th most inelastic city, one position behind San Francisco and San Diego (3rd
and 4th) and a couple ahead of New York and Chicago (9th and 12th). I also shut down spillovers for a
conservative estimate, especially in the open city case where a large value for the amenity spillover can lead to

larger changes in population than in the baseline model.

E.5 Employment in Domestic Services

This section outlines the extension of the model that incorporates employment in domestic services. I begin by
noting the following facts. First, between 2000-2014 in the GEIH 7.3% of non-college educated Bogotanos worked
as domestic helpers while almost no college educated workers did. Second, in the 2014 Multipurpose Survey I
observe that 30.3% of college-educated households employ domestic services, compared to only 3.6% of
non-college households. Third, conditional on employing domestic workers households spend on average 0.15 of
their income on their wages, a fraction that remains constant with income. Unfortunately, employment in domestic
services by employment location is reported neither in the census nor in the CCB. Therefore, given that 90% of
domestic workers are employed in college educated households, I impute domestic employment by assigning
each worker equally to high skilled households and scaling up until the total matches the number observed in the
GEIH.

These observations motivate the following extension of the model. I assume that only high-skilled households
consume domestic services while only low-skilled workers are used in its production. I also assume domestic
services enter the utility of the high skilled according to Cobb-Douglas preferences with an expenditure share of

0.045 (=0.303*0.15). That is, I assume the common component of utility is given by
Uy = C1—Pu—Bp (H — B),@HDﬁg

In each location, a perfectly competitive firm produces domestic services under the linear technology Y;p = L.
The cost is therefore equal to the low-skill wage p? = wy,;. Market clearing for domestic services therefore requires

that -
wyp, L.
BpEin = p; D; = ——+F+&
Ap;
where Ap; is a residual that ensures this condition holds and reflects factors that make i more or less easy to work

in as a domestic worker.
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The equilibrium equations of the model remain the same, apart from the labor demand equation which becomes

BHE;
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and the expression for residential populations for high skilled which becomes
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The other ingredients of the model are unchanged. The procedure to solve the model and unobservables is

unchanged, other than for wages. The system of equations is extended to include the domestic service sector:
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where 7, is a dummy for whether g is L, and L;p is employment in domestic services as described above.

E.6 Home Ownership

This section outlines the extension of the model that allows for local homeownership across worker groups to
match the ownership rates observed in the data. In the data, homeownership rates are 0.603 and 0.457 for college
and non-college individuals respectively in 2015. Letting oy, and oy be the shares of homeowners in the data, I

therefore assume that total income is given by

Wjge;(w) To E;
dija ! L

where £; =3, (rrih + (1 = B)(Jiag — Pear@ — TRl + Tig)) LRiag is total expenditure on housing by residents of
i, L p; are total residents in ¢ and m;4 = o, % is income from homeownership. That is, the model is the same with
one replacement of 7 with 7;,. The remaining equilibrium equations and procedure to solve for unobservables are

easily extended to incorporate this change.

F Data Appendix

This section provides supplementary information on the data used in this paper.

E1 Dataset Description
Population

The primary source of population data is DANE’s General Census of 1993, 2005 and 2018. This contains the
population in each block by education-level. I define “college” educated workers to be those with more than
post-secondary education (defined by the level achieved during their last complete year of study). This contains

both conventional universities and technical colleges, but the small size of the latter means the results are not
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sensitive to this grouping. My main results include adults twenty years of age and older; the results are robust to

including individuals of all ages.”

Commuting

Commuting data comes from the city’s Mobility Survey administered by the Department of Mobility and overseen
by DANE. Conducted in 2005, 2011 and 2015, these are household surveys in which each member was asked to
complete a travel diary for the previous day. For 1995, I obtained the Mobility Survey undertaken by the Japan
International Cooperation Agency (JICA) to similar specifications as the DANE surveys. The samples sizes are
similar across years, including 141,316 trips for 73,830 individuals in 20,002 households per round on average.® I
include only trips that originate or end in municipal Bogot4 in the analysis.”” Sampling weights are also provided.
The survey reports the demographic information of each traveler and household, including age, education,
gender, industry of occupation, car ownership and in some years income.® For each trip, the data report the
departure time, arrival time, purpose of the trip, mode, as well as origin and destination UPZ.> Since all trips are
reported, these include commutes (trips to work) as well as for other purposes (e.g. shopping, seeing friends).
Reported modes are often quite detailed (e.g. twenty five options in 2011); I often aggregate into car, bus,
TransMilenio, and others (walking, bicycle, motorbike). Trips on TransMilenio trunk and feeder buses are reported
separately, so I consider TransMilenio trips to be those involving at least one stage on a trunk bus (multiple modes

can be reported in a single trip).

Housing

As described in the main text, the mission of the cadastre is to keep the city’s geographical information up to date
and thus 98.6% of the city’s more than 2 million properties are included.®® The city is recognized as a pioneer on
the continent for the quality of its cadastre (Anselin and Lozano-Gracia 2012). In addition to having an updated
record of the city’s layout, the cadastre is important for the government due to its importance in city revenues: in
2008, for example, property taxes accounted for 19.8% of Bogotd’s tax revenues (Uribe Sanchez 2010). These taxes
depend on assessed property values. In developed countries, property valuations are typically determined using
data on market transactions. However, Bogotd, like most developing cities, lacks comprehensive records of such
data. The city circumvents this by assessing property prices as follows. First, they collect available data on
transactions through outreach to the real estate sector (Uribe Sanchez 2010). Second, through a census-like process
officials collect information on property sales announced through signs and local newspapers, survey these
properties and then contact the owners pretending to be potential buyers. They negotiate to get as close as possible
to an actual sales price and record the final value, under the premise of a cash payment (Anselin and

Lozano-Gracia 2012). Third, the city hires teams of professional assessors to value at least one property in one of

*The data provided to me by DANE provided population totals by education level and age across 10 year age bins.

*Minima-maxima across years are (i) 117,217-169,766 trips, (ii) 58,313-91,765 individuals and (iii) 15,519-28,213 households.

*Municipal Bogoté accounts for 85% of the residents of the Bogotd metropolitan area, and only 5% of employment in munic-
ipal Bogota comes from outside the municipality (Akbar and Duranton 2017)

%The 1995 survey reports raw income, while in 2011 and 2015 eight income bin dummies are reported.

¥In certain years more precise spatial information is reported, such as address of origin and destination in 2011, but UPZ are
consistently reported across all years.

5T confirmed this comprehensive coverage by overlaying the shapefile of plots with data over satellite images.
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each of the city’s “homogeneous zones”, which currently exceed 16,000 (Ruiz and Vallejo 2010).! The net effect of
these efforts should be that a comprehensive record of property values which are less prone to under-reporting for
tax avoidance.

The city then combines this data on actual and assessed valuations with building characteristics to construct
assessed values for each property. By law, during every updating process each parcel must surveyed by
enumerators using a “parcel form” that contains more than 60 questions about the property.

One concern is whether properties surveys and assessments are made very infrequently, with annual changes
based solely on an aggregate inflation rate. While assessments are indeed inflated on a yearly basis, information
for individual properties is frequently updated through visits: between 2000 and 2006 over 1,036,000 properties
were updated, while a large push in 2008-2009 updated all of the city’s 2 million properties (Ruiz and Vallejo
2010).%2 My primary focus on long-differences in housing market outcomes ensures that data for essentially all
properties was updated.

To validate the valuations in the cadastre, I compare these assessed values per m2 in 2014 with purchase prices per
room reported in DANE’s 2014 Multipurpose Survey. This survey is a slightly more detailed version of the
household survey discussed below. One question asks respondents to report the purchase price and year for their
current home. I keep the 5,497 observations for which the purchase was made in the past 10 years,*®> and compute
the average price per room within each locality (the smallest geographical unit in the survey). I merge these
year-locality observations with the average price per m2 of residential floorspace in the cadastral database, and
take weighted averages of both cadastral and reported unit prices across years where I weight by the number of
observations in each year. Figure A.8 plots the average cadastral price against the reported purchase price,
normalizing each variable to have unit mean. The measures have a high correlation coefficient of 0.947, with the
majority of observations lying along the 45-degree line. Importantly, there appears to be no deviation of the
relationship for expensive neighborhoods, which one would expect if cadastral values were systematically over- or
under-valuing these properties.® Consistent with the city’s efforts, it appears that property values in the cadastral
data are fairly accurate representations of actual property prices throughout the city.

Finally, to construct comparable measures of floorspace prices by census tract I purge property prices driven by
differences in building composition by regressing log floorspace prices per m2 on property characteristics (age

bins, point bins) and a set of census tract fixed effects, and recover these fixed effects.

Employment (Firms)

The employment data used in this paper comes from two sources. The first is a census of the universe of
establishments from DANE’s 2005 General Census and 1990 Economic Census. Panel A of Table A.9 presents some

summary statistics. There are many small firms in both years: while average firm size is close to five employees,

%'These zones are determined by employees of the cadastral office who physically walk around the city and classify each
neighborhood into a zone of similar attributes based on observation and their knowledge of the city. Criteria used to define
“homogeneity” include categories for main activities, access to public services, and dominant land use. This process is extremely
cost intensive, representing around 73% of the total costs of estimating cadastral values (Anselin and Lozano-Gracia 2012).

62Updated assessments and property transaction records were conducted throughout, with assessments for each homogenous
zone being updated during the 2008-2009 comprehensive update.

The results are not sensitive to this choice.

#40Of course, while it is possible that values in the Multipurpose survey themselves are biased, there is no strong reason to
think this would be the case since DANE enumerators are well-trained in making clear that responses are anonymous and for
statistical purposes only.
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the median firm only has two employees while firm size at the 90th percentile is between six and seven.

The second source is a database of all registered establishments from Bogota’s Chamber of Commerce (CCB by its
Spanish acronym) in 2000 and 2015. The 2015 dataset contains the block of each establishment, its industry and, in
many cases, the number of employees. Keeping only observations with non-missing values for all three variables
leaves around 126,867 observations as reported in Panel B. In 2000 neither the number of employees nor the block
are reported, but it does provide the address. Bogota’s clear grid system made it straightforward to geolocate the
vast majority of these.®® Retaining establishments with non-missing industry codes left 34,332 observations.

Two aspects of the CCB data need addressing. First, there is the absence of employment data for 2000. I therefore
rely on establishment counts as a measure of employment when using the CCB in the main analysis. In the 2015
data, I compute the number of establishments in a locality as well as the mean employment and find a correlation
of 0.033. In the 2005 census, the correlation is 0.09. Since average establishment size is fairly constant across the
city, this suggests establishment counts are a fairly good proxy for employment.

Second, the coverage of establishments is much lower than in the census. While aggregate coverage gaps will not
matter for the analysis, relative differences across the city will pose a problem since relative changes in
employment in the CCB data may not be representative of actual changes (for example, if informal employment is
more likely to be located in certain areas than others).% I diagnose the representativeness of the CCB dataset by
comparing its spatial distribution of establishments with that reported in the 2005 census. Panels (a) and (b) Figure
A.7 plots the density of establishments in each locality in the CCB dataset in each year on the y-axis against the
density of establishments in the 2005 census on the x-axis, normalizing both variables to have unit geometric
mean. Both figures show a reassuringly tight relationship, with correlations of 0.948 and 0.949 respectively.
Importantly, the majority of localities lie along the 45-degree line regardless of whether they are poor (Ciudad
Bolivar, Kennedy, Bosa, Tunjuelito) or rich (Chapinero, Usaquen), implying that the coverage is fairly uniform
across different types of neighborhoods. Panel (c) confirms that the uniform coverage holds across smaller spatial

units, by comparing establishment counts across 631 sectors.

Employment (Workers)

Worker-level employment data comes from DANE’s Continuing Household Survey (ECH) between 2000 and 2005,
and its extension into the Integrated Household Survey (GEIH) for the 2008-2014. These are monthly labor market
surveys covering approximately 10,000 households in Bogoté each year. In the external processing room of
DANE’s offices in Bogotd, I was able to access versions of these datasets with the block of each household
provided.%” The sampling scheme is a repeated cross-section, and so while it is possible to document changes
within geographic areas it is not possible to track individuals over time. The survey includes questions pertaining
to individual and household characteristics, as well details on employment such as income, hours worked and

industry of occupation across primary and secondary jobs.

®The success rate was around 95%. Addresses in Bogot4 are of the form C26#52-18 which stands for the 26th street (Calle in
Spanish) and 52nd avenue, eighteen meters from the intersection.

%Note that I also require the coverage of the CCB to be representative of overall employment across 1-digit industries used in
the analysis, too. I find this indeed to be the case, the correlation between the share of establishments in each 1 digit industry in
the CCB data vs the 2005 census is 0.991 in 2015 and 0.984 in 2000.

’Public versions provide no additional geographic information within the city.
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Maps and other Datasets

The city provides a geodatabase for use in ArcMap containing spatial datasets on the features of Bogotd. From the
road layer I extract shapefiles for primary, secondary and tertiary roads. Walk routes consist of the union of the
road network in addition to some smaller pedestrian-only paths. The routes of the official bus system (which was
integrated towards the end of 2012) are also provided. Given that the aim of the government was to bring the
provision of existing routes under one integrated system, I use these current routes to measure the location of the
bus network throughout the period.®® Since buses tended to ignore posted bus stops, I create random bus stops
every 250m along each route. The database also includes TransMilenio stations and routes, as well as the routes of
feeder buses (which I create stops for in the same way as for normal buses). Finally, I use the topographical layer to
compute the slope of land across the city in the computation of the least cost construction path instrument.

In all datasets above, the spatial units are either defined through the Cadastre or DANE's classification. The city’s
geodatabase provides a map of the geography used by the Cadastre (down to the property-level), while DANE
provides a shapefile for their map at the block-level. Luckily, these spatial units remained essentially constant
during my period of study.®’ I merge the Cadastre’s map to DANE's to use as consistently across analyses, and
compute the distance from each tract centroid to particular features (CBD, nearest main road, nearest TransMilenio
station in each year) in ArcMap. I place the central business district at the center of the high employment density
area in the center-east of the city. This is the historical center of the city cited in the literature; when including this
variable in regressions I will allow for a different coefficient depending on whether a tract is in the North, West or
South of the city in order to account for the different types of neighborhoods in each axis of the city.

Geographic units referred to in the paper consist of localities (19), UPZs (113), sectors (631), census tracts or
sections (2,799) and blocks (43,672).

Lastly, data on crime come from the Bogotd police department, and report the GPS location of all reported violent,

property and sexual crimes between 2007 and 2013.

F2 Computing Commute Times

I compute commute times using the Network Analyst toolbox in ArcMap. This accepts as inputs a set of points to
be used as origins and destinations (census tract centroids in my setting), as well as a network consisting of a set of
edges and nodes at which these edges can be traversed. Each edge of the network is assigned a cost to travel along
it; the toolbox then uses Djikstra’s algorithm to compute the least cost paths connecting any origin-destination pair.
In my setting, the networks are defined separately for each mode of transit. The walk network consists of single
layer of pedestrian paths. The car network consists of the union of primary, secondary and tertiary roads, that can
be joined at any intersection, each of which is associated with a different speed. The bus network comprises bus
routes described above as well as the walk network; the two intersect only at bus stops which are placed randomly
every 250m. The TransMilenio network consists of the trunk network (which can only be entered at stations), the

feeder bus network (which can be entered at stops placed in the same was as for buses), and the walk network.”” In

%While I acknowledge that this might introduce measurement error in the bus network location for early years, the strong
association between predicted times and those observed in the 1995 Mobility Survey suggests this is a fairly good approximation.

%For the cadastre, while old properties were partitioned and new ones created, the underlying block structure and “barrios”
remained unchanged (up to new ones being added as the city grew). Similarly, existing blocks and census tracts DANE’s map
were kept in almost all instances unchanged, again up to new blocks being added between 2005 and 1993.

""From the commuting data, I observe that the majority of trips taken by TransMilenio do not involve other buses (other than
feeders). Therefore, I exclude the bus network in the construction of the baseline TransMilenio.
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order to compute the time cost to traverse each edge of these networks, it remains to assign a speed to each mode.
While Section G provided evidence that speeds were not changing on routes affected by TransMilenio relative to
other locations, Table A.11 shows that aggregate speeds were not quite constant over the period. There was a
significant reduction in speeds between 1995 and 2005 (a period of city expansion), which remained relatively
constant thereafter. I therefore seek to assign two sets of speeds to match the distribution of observed commute
times in the “pre” and “post” periods. In the main results, I use the average of both but provide evidence in
robustness checks that the results are similar if either set of times is used separately. Finally, note that average
speeds reflect the net effect of traveling on different road types (for cars), modes (for buses and TransMilenio) as
well as wait times incurred at transfers.

I set speeds to match travel times observed in the data for commutes to and from work during rush hours in the
Mobility Surveys (departing between 5-8am and 4-6pm). I set walk speeds to 5km/h in all years (Ahlfeldt et al.
2015). Car speeds were reportedly as high as 27 km/h (Steiner and Vallejo 2010) in early years, while the
Department of Mobility reports average speeds along main roads of 24 km/h from 2010-2015. To allow for
additional time spent parking and slower speeds during rush hours, I set speeds of 20 km/h, 14 km/h and 10
km/h on primary, secondary and tertiary roads respectively for the pre-period, and 14 km/h, 10 km/h and 8km/h
for each type during the post-period. Buses were reported to travel at 10 km/h during rush hour before
TransMilenio, with some estimates as low as 5 km/h (ESMAP 2009; Muller 2014). I set bus speeds of 13 km/h and
11 km/h for the pre- and post-period respectively, and set transfer times of four minutes to enter or exit the
network by foot implying a total of eight minutes spent waiting on each trip. Finally, most reports cite system
speeds of 26.2km/h for trunk service on TransMilenio routes (Cracknell 2003; Transportation Research Board
2003). However, this was for earlier years and reports suggest speeds may have slowed later on. I therefore set
speeds of 26 km/h for the pre-period and 20 km/h for the post-period. I set the speed of feeder buses equal to
those of regular buses, and again impose a four minute transfer time to enter or exit each network.”!

Figure A.10 explores how these predicted times compare with those observed in the data. I construct observed
times for each mode using those reported in the Mobility survey for rush hour trips to and from work, and create
an average for each origin-destination UPZ pair. I construct the predicted time for the same trip by taking an
area-weighted average of the commute times calculated in Arc between each census tract pair within the UPZ pair.
I use 1995 as the pre-period for each mode other than TransMilenio for which I use 2005, and 2015 as the
post-period. For each mode, the times are highly correlated with the majority of observations lying close to the
45-degree line.

In the main results, I use the average of the pre- and post-period calibrated commute times from ArcMap. In
columns (1)-(3) of Table A.13, I run difference in difference specifications to formally test whether the coefficient
from a regression of log observed times on log (average) predicted times changes over time. The difference in
slopes in the third row are insignificant for cars and TransMilenio, but is positive for the case of buses. However,
inspection of Figure A.10 suggests this is driven by a drop in the intercept for 2015 caused by movements in the
left tail: overall the majority of points lie along the 45-degree line in both years.”? Finally, the last column examines

whether the relationship between predicted and observed times is constant across modes within a year. The

7T decided on these times to balance the reported speeds in the literature and matching those in the data. Unfortunately, there
was not a simple way to automate the procedure to choose speeds that matched the fit with the data since each creation of a
Network dataset in ArcMap must be done manually.

72 Attempts to shift the intercept by varying the fixed time cost within reasonable bounds had negligible effects on this speci-
fication.
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insignificant coefficients in rows 4-8 confirm this to be the case.

E3 Constructing the Instruments

Least Cost Construction Path From Transportation Research Board (2007), I obtain engineering estimates for
building BRT on different types of land. Their estimates suggest it costs $4mm to build a mile of BRT by
converting a median arterial busway, $25mn to build a new bus lane on vacant land, $50mn to build an elevated
lane and $200mn to build a tunnel.”> The maximum grade of BRT is 10% for short runs (Barr et al. 2010), so
assume tunnels are built on land steeper than that. I assume that building over developed land costs twice as
much as vacant land.” I then digitize a land use map of the city in 1980 produced by the United States Defense
Mapping Agency (Figure A.11, panel (a)) and clean the image into vacant, arterial road, water and developed land
use categories. I infill the medians that can be seen in between a handful of large main roads throughout the city,
so that these are also coded as arterial. I then compute the share of each land use category in each 20m by 20m
pixel, and use a topographical shapefile to compute the average slope in each pixel. Multiplying the share of each
land use type by the prior cost estimates yields a cost to build BRT on each pixel. Panel (b) of Figure A.11 shows
the results, with lighter shades representing higher cost.

I read this cost raster into Matlab, and use the Fast Marching Method to compute the least cost routes between
portals and the CBD. Panel (c) of Figure A.11 shows the resulting paths. I find that for the majority of cases, the
actual lines follow the least cost routes suggesting that conditional on the locations of origin and destinations the
costs were a large driver of actual placement. To construct the final input for ArcMap, I create stops every 700m to
match the spacing of TransMilenio stations. I add instruments for the Feeder routes by placing a 2km radius disk
around each portal connecting the two with eight “spokes”, and create stops every 250m.

Tram System From Morrison (2007), I obtained an image of the city’s tram system that was last placed in 1921
and stopped operating in 1951.7% Since the city was far smaller at that time, I digitize the shapefile and extend the
routes to the edge of the city in present day. This might reduce concerns about the direct effects of the tram
instrument, since the large portions of it were not built. Panel (d) of Figure A.11 shows the extended lines (as well
as the originals). As before, I create stops every 700m and construct the least cost commute times in ArcMap using
the same speed of travel as trunk lines.

Instrument Construction These procedures provide counterfactual TransMilenio networks. To construct the
pairwise travel times under each instrument, I take the modern street and transit network and then replace the
TransMilenio with the networks implied by the two instruments. I then recalculate travel times for each pair over

the counterfactual networks.

"These numbers are close to the costs of $8mn per mile in 2003 USD reported by the first phase of TransMilenio (Transportation
Research Board 2003).

74 All figures are in 2004 USD and are per mile of construction. Since I have less guidance over the cost of building on developed
land, I experimented with higher values and found the routes were unchanged.

"The chief of the Liberal Party was assassinated during an international conference in Bogot4 in 1948, after which riots led to
the destruction of one quarter of the city’s trams. Combined with the demand for higher capacity transit, this led to the retiring
of the trams and their replacement with buses. While trams operated on rail lines, the buses that followed shared roads with
cars.
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F4 Cost-Benefit Calculations

This section presents some of the calculations behind the cost figures in Table A.7. Phase 1 of the system cost
$5.85mm per km to build in 2003 dollars.”® This was financed through local fuel taxes (46%), national government
grants (20%), a World Bank loan (6%) and other local funds (28%). Phase 2 was more expensive at $13.29mm per
km in 2003 dollars, with funding coming from the national government (66%) and a local fuel surcharge (34%).
The higher costs were due to road widening, increased investment in public space and associated infrastructure
improvements. Phase 3 continued the trend costing $20mm per km in 2014 dollars. Averaging over the 41km of
lines in phase 1 and 2 and 21km of lines in phase 3, the average construction cost for the whole 103km network as
of phase 3 was $14.08mm in 2016 dollars.

Operating costs are recovered at the farebox by private operators; the cost to transport a passenger is close to the
fare (Transportation Research Board 2003). Using the figure of 565mm rides in 2013 from BRT Data (2017) and the
fare of $0.66 in 2016 dollars yields an operational cost of $372.97mm per year.

GDP in Bogota in 2016 from DANE” is equal to 221,456 bn 2016 Colombian Pesos, equivalent to $72.57bn in 2016

dollars.

G Supplementary Empirical Results

G.1 TransMilenio Trip Characteristics

Table A.10 presents some descriptives of trips taken in Bogotd in 2015. Three points are worth emphasizing. First,
TransMilenio is an important mode of transit constituting 16% of all trips, exceeding the 13.7% taken by cars but
less than the roughly 34% taken by bus and walking. Second, the average TransMilenio trip is 10.1km, far longer
than the 6.5km and 6.1km average trips taken by other motorized transport. The fixed costs involved in reaching
and entering stations make the benefits of BRT pronounced for longer journeys. Third, when compared to other
modes I find that TransMilenio is primarily used for trips to work and business. These constitute around 40% of
trips on the system. For private matters or shopping, walking is by far the dominant mode, reflecting that these
trips tend to be shorter and closer to home. TransMilenio’s outsized role in commuting motivates the focus on its
effects on access to jobs emphasized in this paper.

Table A.11 examines how each mode’s role in commuting has evolved over time. Panel A shows the changes in
each mode’s share of commutes to work. TransMilenio’s rise has been primarily at the expense of a reduction in
bus trips. Panel B shows that TransMilenio is on average 25.7% faster than buses and roughly the same speed as
trips taken by cars.”® TransMilenio speeds have fallen over time as the system has become congested with greater
use over time. Changes in aggregate speeds on cars and buses appears not so correlated with TransMilenio

ridership: speeds fall significantly between 1995 and 2005 (a period of significant population growth of over 29%)

76 All figures from Baltes et al. (2006), except the cost per km for phase 3 which is from https://www.esci-
ksp.org/archives/project/bogota-brt-colombia.

"Source: https:/ /www.dane.gov.co/index.php/estadisticas-por-tema/cuentas-nacionales/cuentas-nacionales-
departamentales/cuentas-nacionales-departamentales-pib-trimestral-bogota-d-c

*Note that these are observed door-to-door speeds rather than system speeds: TransMilenio buses are reported to operate
faster than the results in Table A.11 suggest, but queuing at stations and time taken to walk between stations and final destina-
tions decrease average observed speeds. Average speeds are also conflated by the different nature of trips taken across modes
(such as TransMilenio being used for longer trips, which are typically faster). Section F.2 compares speeds across modes control-
ling for trip characteristics and composition, and reports that while the relative performance of TransMilenio is more muted, it
remains a substantive improvement over existing buses.
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while stabilizing between 2005 and 2015. This highlights the role of external aggregate shocks, such as
urbanization lead by the country’s civil war, that motivates the more local analysis pursued in this paper. Panel C
reports a mild fall in the share of car owners, consistent with its decreased role in commuting. However, the
persistently higher proportion of car owners vs car commuters reflects the importance of cars for other trip

purposes.

G.2 Impact on Other Mode Speeds

BRT may affect equilibrium speeds through impacts on travel mode and route choices, and the number of lanes
available for other traffic. In Bogotd, the number of lanes available for other traffic was left unchanged: one might
then expect TransMilenio to have reduced congestion faced by cars and other buses. To examine the impact of

TransMilenio on car and bus speeds, I run regressions of the form
InSpeed, ;,, = a;; + STM Route;; x Post; + Vi Xijkt + €ije

separately for each mode. Here (i, j) indexes a UPZ origin-destination pair, k¥ indexes an individual, Post; is a
dummy equal to one in 2015 and zero in 1995,7 and X; jkt is a vector of control variables containing individual and
trip characteristics, which are allowed to have time-varying effects on speeds. All specifications include a gender
dummy, hour of departure dummies and age quantile dummies, origin and destination locality fixed effects, each
interacted with the Post dummy. Certain specifications additionally control for log trip distance interacted with
the Post dummy.

The variable TM Route;; captures whether the trip from i to j has been “treated” by TransMilenio. To define this
measure, I compute the routes for the least cost commutes between each pair of UPZ origin and destination in
ArcGIS separately for cars and buses. I then intersect this route with the TransMilenio network (within a 100m
tolerance) to compute the share of a trip that lies along a TransMilenio line. With this in hand, I create two
treatment measures. The first is simply the share of a trip that lies along a TransMilenio line. The second is a
dummy for whether more than 75% of the trip is adjacent to TransMilenio, allowing for a non-linear effect on
speed.

Table A.12 presents the results. TransMilenio has no impact on neither car nor bus speeds, and this is robust to
controlling for trip distance in even columns. Note that this only identifies relative changes in speeds: any
aggregate effect TransMilenio had on the overall level of speeds would be absorbed into the intercept. Consistent
with a small congestion elasticity, Akbar and Duranton (2017) find the elasticity of speed with respect to the
number of travelers is only 0.06 during peak hours in Bogota, while Akbar et al. (2021) find that only 15% of

differences in driving speeds in Indian cities are due to congestion.

G.3 Impact on Housing Supply

Table A.14 provides evidence that TransMilenio had no significant impact on housing development. The outcome
variable is the growth of total floorspace in a census tract between 2000 and 2018.%° The specification is otherwise

the same as from the baseline specification. Columns 1 and 2 show no significant impact of either CMA term on

"Results are similar when intermediate years are included, and are omitted for clarity.
%7 use the Davis-Haltiwanger growth rate g; = (Xit — Xit—1)/(0.5 x (Xiz + Xit—1)) which allows me to incorporate tracts
with no development in 2000.
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floorspace supply. Column 3 provides a robustness check regressing floorspace supply on log distance to each
phase of the system, confirming the previous results. It does appear more development may be happening around
the third phase (the negative coefficient on In Distance F3), but the effect is insignificant. Column 4 interacts
distance to each phase with a dummy for whether a tract is above the median tract distance from the CBD, to test if
more development is occurring near TransMilenio at the periphery. This does not appear to the case, as all the
interactions are insignificant.

Figure A.6 repeats the main event study from Figure 3 with floorspace area as the outcome, and shows no
significant effect either before or after on property development. While there is a noisy increase in development in
8 to 4 years before line opening, this is neither significant nor enough to show up in the aggregate numbers in
Table A.14.

Overall, there was no significant new development close to TransMilenio stations. Reports suggest that constraints
to re-development restricted the supply response (Cervero et al. 2013), in large part due to no significant change in

zoning regulations that remained unchanged over the period.

G.4 Impact on Wages and Sorting

Table A.15 examines the impact of market access on income by place of residence. It runs a difference-in-difference
specification similar to (16) to examine the effect of improved RCMA on log average weekly labor income reported
by full-time workers between 18 and 65 across UPZs. Since the survey is a sample survey, there are not many
observations in each census tract in each period, so the variation in RCMA is aggregated to the UPZ-level.
Standard errors are clustered by UPZ and Post-period pair in Panel A, and by UPZ in Panel B.

Column (1) shows a strong association between improved access to jobs and incomes over the period. However,
column (2) controls for the changing educational composition of workers and shows that about half of the
relationship is explained by re-sorting of workers by skill. The result is qualitatively unchanged when controlling
for hours worked in column (3) (i.e. when looking at the wage). While my cross-sectional data do not allow me to
control for individual fixed effects, that wages rise even when controlling for changing worker characteristics
supports the idea that CMA reflects accessibility to high-paid jobs. The last row also reports the results from a test
of whether the coefficient on log RCMA equals 1/6, and in both panels this cannot be rejected.

Table A.16 examines TransMilenio’s impact on the educational composition of residents. The outcome is the
change in a tract’s share of college-educated residents between 2018 and 1993. In 1993 this is measured within all
adults eighteen or older, and in 2018 this is measured within adults forty and older. This is to try to look within a
cohort, since the overall college share grew substantially over this period. Results are not sensitive to this choice.
Column 1 shows a semi-elasticity of 0.14 of the change in the college share to the change in RCMA. Column 2
examines whether this is mechanical: if the change in RCMA is correlated with the initial college share there may
be mechanically more or less room for the share to increase in exposed locations. Controlling for the initial college
share has no effect on the coefficient. These results suggest the college educated tended to move into
neighborhoods with improved accessibility due to TransMilenio. This is consistent both with the results in Table
A.15, and the sorting channel in the model whereby the rich are more likely to move into neighborhoods with

appreciating house prices since they spend a smaller fraction of income on housing.
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G.5 Impact of Both Types of CMA

The baseline model predicts no effect of FCMA on residential outcomes and no effect of RCMA on commercial
outcomes (see proof of Proposition 1). Table A.17 extends the baseline specification by including both types of
CMA separately in the regressions. Overall, the results are noisy: conditional on the controls, there is little residual
variation in RCMA given FCMA within a locality, and vice versa. Still, for five of seven outcomes—residential
population, commercial prices, commercial floorspace share, and overall and formal census employment—the
model’s prediction that RCMA affects residential outcomes and FCMA affects commercial outcomes is borne out
in the data, albeit imprecisely. For residential floorspace prices, FCMA has the larger effect, but Panel B of Table
A.18 shows this is driven by outliers; once these are dropped, only RCMA significantly affects residential
floorspace price growth. For establishment counts in the CCB (Panel C), the significant effect is from RCMA rather
than FCMA. Taken together, six of the seven outcomes respond to the different CMA variables in line with the
model’s predictions.

Even the fact that floorspace shares are observed to change to TransMilenio already suggests some basic
assumptions from the simple model are not borne out in the data, since it assumes floorspace use shares are fixed.
Appendix E.3 extends the model to include this, and shows that a weighted average of CMA types will now
matter for outcomes in each location, where the weights depend on the initial floorspace shares across residential
and commercial uses. In fact, this would be the correct regression framework to use to fully test the model given
that changes in floorspace use shares are observed in the data. However, the log-linear reduced form no longer
holds and the constant CMA elasticities are replaced with a more complex matrix of elasticities (where a location’s
weight on each change in CMA depends on its initial floorspace use share). Given the parsimony of the basic

model, I focus on this for the main results. The full model allows for endogenous floorspace use.

G.6 Main Results: Robustness

Table A.1 assesses the robustness of the main results to a number of alternative specifications. First, I use
alternative ways to aggregate mode-specific commute times and alternative travel speeds on each mode (columns
2 to 4). Second, I vary the commute elasticity ¢ to 1.5 and 0.5 times its estimated value (columns 5 and 6). Third, I
consider only tracts within 3km of a TransMilenio station to ensure the results are not driven by outliers at
implausible distances from the network (column 7). Fourth, I use heteroscedasticity robust standard errors and
standard errors clustered at the sector level (560 administrative units above the census tract) in columns 8 and 9.
Fifth, I exclude tracts within 1km of a portal (compared to the 500m exclusion in Table 2) to further ensure the
results are not driven by the targeting of these neighborhoods (column 10). Sixth, I control for distance to a tract’s
closest TransMilenio station interacted with distance to the CBD (column 11). This assesses whether the CMA
effect is simply due to heterogeneity of the distance effect at different distances from the CBD (a possibility given
the trends in Figure 1). Reassuringly, the results are robust to this, highlighting how the key source of identifying
variation is local changes in RCMA within localities.

Seventh, I run an unweighted regression for the change in establishments, which is weighted by the initial share of
establishments in a tract in the main results. This is repeated in row 1 of Table A.5. The second row runs an
unweighted regression, and the coefficient becomes insignificant (p-value of 0.14).I use the weighted regressions in
the main results for two reasons. First, one might expect noise in the CCB data which is a database of

establishments registered with the city’s chamber of commerce rather than a census. Weighting by initial shares
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places more weights on tracts where establishment growth is more precisely estimated. Second, I document sharp
positive impacts of CMA on the share of floorspace used for commercial purposes (another measure of the
changing allocation of real production activity). Taken together, these suggest employment is indeed responding
to TransMilenio. The table also reported weighted and unweighted regressions for residential population in

column 2, to show all quantity outcomes in the main results are robust to alternative weightings.
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