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Motivation

• Recent theoretical and empirical advances have enhanced our
understanding of the impact of transportation infrastructure and
other public policy interventions

• Theoretical advances
– New quantitative spatial models are rich enough to connect to features

of the data (e.g. gravity)
– Tractable and amenable to a theoretical analysis of the properties of

equilibrium and comparative statics
– Parsimonious with small number of structural parameters to estimate
– Undertake counterfactuals for realistic public policy interventions (e.g.

new subway line between two real-world locations)

• Recent empirical advances
– Geographical Information Systems (GIS) revolution has provided more

data at smaller spatial scales than hitherto possible
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Outline

1 The Making of the Modern Metropolis: Evidence from London (joint
with Stephan Heblich and Daniel Sturm)

– Quarterly Journal of Economics, 135(4), 2059-2133, 2020.

2 Trade, Structural Transformation and Development: Evidence from
Argentina (joint with Pablo Fajgelbaum)

– Journal of Political Economy, 130(5), 1249-1318, 2022.

3 Code and data available from
– https://www.princeton.edu/ reddings/
– https://www.quantitativeurbanmodels.com/home
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The Making of the Modern Metropolis:
Evidence from London
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Model Outline
• Consider a city that consists of a set of discrete blocks indexed by i,

with supply of �oor space depending on the density of development
• There is a single �nal good which is costlessly traded and is chosen as

the numeraire
• Markets are perfectly competitive
• Workers choose a block of residence, a block of employment, and

consumption of the �nal good and �oor space to max utility
• Firms choose a block of production and inputs of labor and �oor space

to max pro�ts
• Floor space within each block optimally allocated between residential

and commercial use
• Productivity depends on fundamentals & spillovers
• Amenities depend on fundamentals & spillovers
• Workers face commuting costs that depend on travel time using the

transport network (rail, bus, etc.)
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Day and Night Population
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Model and Data
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Counterfactuals
• Undertake counterfactuals

– Removal of entire railway network
– Removal of underground railway network
– Removal railway lines constructed from 1911-1921

• We undertake these counterfactuals under a range of assumptions
about the �oor space supply elasticity and agglomeration forces

• Assume population mobility with the rest of the economy with an
estimated elasticity of labor supply

• We compare the change in the net present value of land and buildings
to historical estimates of construction costs

– Overground railways: £60,000 per mile
– Cut-and-cover underground railways: £355,000 per mile
– Bored-tube underground railways: £555,000 per mile

• Ratio of NPV land prices to construction costs greater than one
– Agglomeration forces and endogenous supply of �oor space increase

this ratio further above one
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All Rail Counterfactual
Table 4: Counterfactuals for Removing the Entire Railway Network, the Entire Underground Railway Network, or
Railway Lines Constructed from 1911-21, Starting from the Initial Equilibrium in our Baseline Year of 1921

(1) (2) (3) (4)
Floor Space Supply Elasticity µ = 0 µ = 1.83 µ = 1.83 µ = 1.83
Production Agglomeration Force ηL = 0 ηL = 0 ηL = 0.086 ηL = 0.086
Residential Agglomeration Force ηR = 0 ηR = 0 ηR = 0 ηR = 0.172

Removing the Entire Overground and Underground Railway Network
Economic Impact
Rateable Value −£8.24m −£15.55m −£20.78m −£35.07m
NPV Rateable Value (3 percent) −£274.55m −£518.26m −£692.76m −£1, 169.05m
NPV Rateable Value (5 percent) −£164.73m −£310.96m −£415.66m −£701.43m
Construction Costs
Cut-and-Cover Underground −£9.96m
Bored-tube Underground −£22.90m
Overground Railway −£33.19m
Total All Railways −£66.05m
Ratio Economic Impact / Construction Cost
NPV Rateable Value (3 percent)

Construction Cost 4.16 7.85 10.49 17.70
NPV Rateable Value (5 percent)

Construction Cost 2.49 4.71 6.29 10.62
Removing the Entire Underground Railway Network
Economic Impact
Rateable Value −£2.65m −£6.21m −£8.22m −£14.16m
NPV Rateable Value (3 percent) −£88.46m −£206.87m −£274.05m −£471.85m
NPV Rateable Value (5 percent) −£53.08m −£124.12m −£164.43m −£283.11m
Construction Costs
Cut-and-Cover Underground −£9.96m
Bored-tube Underground −£22.90m
Total All Underground −£32.86m
Ratio Economic Impact / Construction Cost
NPV Rateable Value (3 percent)

Construction Cost 2.69 6.30 8.34 14.36
NPV Rateable Value (5 percent)

Construction Cost 1.62 3.78 5.00 8.62
Removing Overground and Underground Railway Lines Constructed from 1911-21
Economic Impact
Rateable Value −£0.17m −£0.24m −£0.37m −£0.39m
NPV Rateable Value (3 percent) −£5.63m −£8.09m −£12.46m −£12.96m
NPV Rateable Value (5 percent) −£3.38m −£4.86m −£7.47m −£7.77m
Construction Costs
Cut-and-Cover Underground −£0.00m
Bored-tube Underground −£2.35m
Overground Railway −£0.34m
Total All Railways −£2.69m
Ratio Economic Impact / Construction Cost
NPV Rateable Value (3 percent)

Construction Cost 2.09 3.01 4.63 4.82
NPV Rateable Value (5 percent)

Construction Cost 1.26 1.81 2.78 2.89

Note: Counterfactuals start in our baseline year of 1921 and remove either the entire railway network or parts thereof; we hold the omnibus and
tram network constant at its 1921 structure; all values reported in the table are expressed in millions of 1921 pounds sterling; µ = 0 corresponds
to an inelastic supply of �oor space; µ = 1.83 is our calibrated �oor space supply elasticity; ηL = 0 corresponds to no production agglomeration
force; ηR = 0 corresponds to no residential agglomeration force; ηL = 0.086 corresponds to our estimated production agglomeration force;
ηR = 0.172 corresponds to our estimated residential agglomeration force; all speci�cations assume population mobility between Greater London
and the wider economy, with the elasticity of population supply determined by our calibrated Fréchet shape parameter of ε = 5.25; net present
values are evaluated over an in�nite lifetime, assuming either 3 or 5 percent discount rate; construction costs are based on capital issued per mile
for cut-and-cover, bored-tube and surface railway lines and the length of lines of each type of railway in Greater London in 1921, as discussed
further in Section J.6 of the online appendix.
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Trade, Structural Transformation and
Development: Evidence from Argentina
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Population Density
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Rail Evaluation

Comparing Rows (8)-(11) in Columns (1) and (2), we �nd that the ratios of net present values to construction

costs are substantially larger when we start from levels of external integration in 1914 than from those in 1869. This

pattern of results is intuitive. A uniform percentage reduction in internal transport costs leads to the same percentage

increase in aggregate real GDP and land income in the model, regardless of the value of international prices. Therefore,

although the reduction in internal transport costs from the construction of the railroad network are not uniform,

we �nd only small di�erences in the percentage changes in aggregate real GDP and land income, depending on

whether we start from 1869 or 1914 levels of external integration. Nevertheless, the absolute values of the changes in

aggregate real GDP and land income are larger for higher levels of external integration, relative to the �xed costs of

the construction of the railroad network.

Table A.6: Counterfactual Predictions for Removing the Railroad Network from 1869-1914 and Construction Costs

(1) (2)
Starting from Starting from
1914 External 1869 External

Integration Integration
Economic Impact
(1) GDP 248.79 199.66
(2) Land Income 126.85 101.95
(3) NPV GDP (3%) 8292.93 6655.43
(4) NPV GDP (5%) 4975.76 3993.26
(5) NPV Land Income (3%) 4228.39 3398.22
(6) NPV Land Income (5%) 2537.04 2038.93
Construction Costs
(7) Total Construction Costs 1308.00 1308.00
Ratio Economic Impact to Construction Costs
(8) NPV GDP (3%) / Construction Cost 6.34 5.09
(9) NPV GDP (5%) / Construction Cost 3.80 3.05
(10) NPV Land Income (3%) / Construction Cost 3.23 2.60
(11) NPV Land Income (5%) / Construction Cost 1.94 1.56

Notes: Values are reported in 1914 millions of pesos; Column (1) reports counterfactuals for the reversing the construction of the railroad network
starting from the observed equilibrium in the data in 1914 (starting from 1914 levels of external integration) and going back to 1869; Column (2)
reports the di�erence between a counterfactual for reversing external integration and a counterfactual for reversing both external integration and
the construction of the railroad network, which corresponds to a counterfactual for reversing the construction of the railroad network starting
from 1869 levels of external integration; real GDP computed using equation (42) in the paper; real land income computed using equation (A.107) in
this online appendix; NPV denotes the net present value assuming an in�nite lifetime and either a 3 or 5 percent discount rate; construction costs
are based on the total capital issued by all railroad lines, as reported in reported in Direccion Nacional de Ferrocarriles (1895, 1914), and discussed
in further detail in Section A.6 of this online appendix.

A.6 Data Appendix
A.6.1 District Boundaries

The unit of analysis is the partido or departamento (which we refer to as “district” from now on). These districts

correspond to the �rst administrative division within a province (the name partido is only used in the province of

Buenos Aires, whilst in the other provinces the name departamento prevails).

The actual administrative division used in this paper corresponds to the one reported in the 1895 population

census, when there were 23 provinces or national territories and 386 districts. The boundaries correspond to those

drawn by Cacopardo (1967) with reference to that year. The same publication includes maps corresponding to the

45
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Conclusions
• Recent development of quantitative spatial models

– Su�ciently rich to rationalize key features of the data (e.g. gravity)
– Su�ciently tractable to be amenable to analytical analysis and

policy-relevant counterfactuals
– Spatial organization of economic activity within cities
– Spatial distribution of economic activity across cities

• Provide a key benchmark for policy evaluation
– General equilibrium e�ects (e.g. choice of workplace and residence)
– Agglomeration forces in production and residence
– Complementary changes in land use and zoning policy

• Exciting opportunities to combine these quantitative spatial models
with new sources of big data

– Ride-hailing data (e.g. Uber and Lyft)
– Smartphone data with Global Positioning System (GPS) information
– Firm-to-�rm data from sales (VAT) tax records
– Credit card data with consumer and �rm location
– Public transportation commuting data
– Satellite imaging data
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Thank You
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