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Abstract
This paper analyses whether infrastructure reacts to changes in economic fundamentals and how this reaction (or lack of it) can alter regional economic outcomes
and aggregate welfare. I use the Division of Germany in 1949, that destroyed all
economic ties between West Germany and East Germany, to study the reaction of
highway construction. First, I develop and calibrate a multi-region quantitative trade
model with endogenous infrastructure choice. The model predicts the response of the
economically-driven network to the Division. Comparing the data with the model I
find that, although highways reacted to the shock, i.e. districts closer to the new
border received less highways than previously planned, this reaction is weaker than
the one in the calibrated model. I estimate the effects of this under-reaction on local
and aggregate outcomes. At the local level, I find heterogeneous effects of highways:
economically-driven highways have stronger effects on population growth compared to
highways not driven by economic factors. In aggregate terms, I find that building the
economically-driven network would have increased welfare by 9.5% while the lack of
reaction to the Division would have reduced welfare by 2.4%.
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Introduction

In 1939, a 500 kilometre-long highway connecting Cologne, in the west of Germany, with
Berlin, in the east, was about to be completed. It was part of a highway plan designed by
the Nazi Government to endow Germany with a modern highway network.1 No one at that
time would have predicted that a border would divide West Germany from East Germany
only ten years later.
Figure 1 shows the outline of the 1934 highway plan (Panel A) and the layout of the
highway network by 1980 (Panel B). The new border cut across many of the planned highways
and separated Berlin, the biggest city at the time, from the main cities in the west. Was
the highway network reshaped after a shock to economic fundamentals such as the sudden
Division of Germany? Did the reaction (or lack of it) of the highway network alter the gains
from highway investments and affect economic outcomes in the following decades?
In this paper, I analyse whether infrastructure reacts to changes in economic fundamentals and how this reaction (or lack of it) can alter regional economic outcomes and aggregate
welfare. To do so, I develop and calibrate a multi-region quantitative trade model with
endogenous infrastructure. I calibrate the model using historical data from 1938, before the
German Division, and use it to predict the response of the economically-driven network to
the Division. Comparing the response of highways with the calibrated model I find that,
although highways reacted to the Division, this reaction is weaker than the one predicted by
the calibrated model. I interpret this gap between the data and my model as being caused by
the presence of non-economic factors that attenuated the highway response. I estimate the
cost of this under-reaction for local and aggregate outcomes. First, I find that economicallydriven highways, guided by economic fundamentals, have stronger effects on district-level
population growth than highways not driven by economic factors. Second, counterfactuals
reveal that building the economically-driven network would have raised aggregate welfare
by 9.5% while not reacting at all to the Division would have reduced aggregate welfare by
2.4%. Finally, I show that infrastructure changes are an important determinant of trade
flows: the observed development of the highway network between 1960 and 1989 can explain
20% of the growth in trade flows between West German states.
A significant challenge in understanding the economic effects of infrastructure investments
1

In The 1920s German politicians discussed the construction of a modern highway system. When Hitler
appointed Fritz Todt to design the highway system, he traced a plan heavily inspired by the previous plans
designed in the 1920s. (Zeller and Dunlap, 2010)
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is the existence of spill-overs across economic units. When choosing to build a highway we
have to consider the direct and indirect effects for all the affected regions. These effects come
through an adjustment in trade flows but also through the response of population as well as
general equilibrium effects on prices and wages.
Figure 1: The Division of Germany as a natural experiment

B) Highway network 1950-1980

A) 1934 Highway plan

Notes: Panel A shows the 1934 highway plan. Panel B shows the highways built by 1950 (black)
and the highways between 1950 and 1980 (grey). Source: Created by the author from newly
digitised historical data.

To understand how these effects shape infrastructure choice, I develop a spatial trade
model with many regions linked through the transport network. Each region produces an
endogenous set of tradable varieties and shipping of varieties happens along the least-cost
path. Infrastructure improvements along a group of regions reduces the shipping costs between these regions, making products cheaper to import. The equilibrium is driven by workers that choose where to live and how much to consume to maximise utility. This framework
builds on the quantitative spatial models reviewed by Redding and Rossi-Hansberg (2017).
As a novel feature my model includes a government that, given the decentralised choices of
2

firms and workers, chooses how to invest in infrastructure to maximise aggregate welfare.
The model predicts that optimal infrastructure investment in a region depends positively
on two factors. First, how large is a region in terms of trade flows. Second, how central is a
region in terms of trade transit.2 The initial highway plan of 1934, in Panel A of Figure 1, can
serve as an example. Cologne and Berlin are remote cities, located at the edge of the German
territory. However, they are included in the highway network because they are large, and
thus, they trade intensely with the rest of German districts. Contrary to Berlin or Cologne,
Nurnberg, in the south-east, is not a large city but is central: it is located between Munich
and Berlin. Because of its centrality, it is also included in the network. These predictions
suggest that when the volume of trade or transit in a region changes, the government would
like to adjust infrastructure investments. The Division of Germany exogenously destroyed
trade flows between the east and the west of the country. This shock allows us to test these
predictions and quantify the gains from the response of infrastructure.
Newly digitised data of highway construction in Germany allows me to estimate the
consequences of the Division for the highway network.3 To overcome the endogeneity between
highways and economic outcomes I use a Difference-in-Differences (DiD) specification around
the moment of the Division, similar to Redding and Sturm (2008).4 First, I use spatial
variation in the intensity of the Division shock: districts closer to the new border endured
a stronger shock because of they are closer to the districts in East Germany. Second, I use
time variation in the highway allocation by comparing the highway allocation in the initial
highway plan with the actual highway construction in 1980. Identification relies on the fact
that highway construction rates should be comparable between districts in the centre of
Germany and far from the centre bef ore the Division took place.
My findings show that highways in West Germany reacted to the shock: districts closer
to the inner German border received fewer highways than previously planned, compared to
districts further away.

5

This result is robust to using alternative measures of the shock,

dropping the districts adjacent to the new border and instrumenting for the border using a
2
The key driver of these results is that the marginal benefit of investing in infrastructure is higher in large
and central regions.
3
I digitise the German highway network in the years 1938, 1950, 1965, 1975, 1980, 1989, 2004 and 2015
using historical atlases and maps.
4
Redding and Sturm (2008) adopt a similar Difference in Differences strategy around the moment of
the Division to test whether cities closer to the Inner German border experienced a decrease in population
growth rates compared to cities far from the border Ahlfeldt et al. (2018) exploit the division of Berlin into
East and West Berlin
5
I abstract from East Germany because it was under the control of the Soviet Union
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straight line.
I calibrate my model to quantify how much of the highways’ response was driven by
the change in economic fundamentals. To this end, I take the model to data on Germany’s
road network as well as population in 1938. To calculate initial shipping costs, I follow the
transport cost function in Combes and Lafourcade (2005) applied to the German network,
distinguishing between different types of roads. I calibrate the productivity distribution
to match the population distribution observed in the data. To calibrate the value of the
infrastructure-specific parameters I use moments of the 1934 highway plan. Using the estimated shipping costs, the productivity distribution and the structural parameters I estimate
the equilibrium trade flows between German regions and compare them to trade data of
1939 to assess the fit of the model.
I use the calibrated model to compute two counterfactual optimal networks: one before
the Division, for Germany, and one after the Division, for West Germany. The difference
between these networks captures how infrastructure would react to a change in economic
fundamentals. I refer to these counterfactual networks as economically-driven because they
emerge from welfare-maximisation. Other important factors such as redistribution, political
economy or military concerns are missing from the model. Comparing the response in the
model with the reduced-form estimates we can quantify how relevant were economic factors
relative to other unobserved drivers of infrastructure.
According to my estimates, although highways in West Germany reacted to the shock,
the response in the data was weaker than in the model. The estimated elasticity of highways
to the Division shock is between 60% and 80% of the simulated response in the calibration.
I interpret this gap between the data and my model as evidence of the importance of noneconomic factors for highway construction. These factors seem to have mitigated the response
of the government to the Division.
This under-response of the government in highway construction affected economic outcomes in two ways. First, constructed highways had heterogeneous effects on local outcomes.
The Division of Germany can be exploited as a quasi-experimental set-up: Highways were
planned for unified Germany but the Division modified the economic-relevance of some highway links. I find that economically-driven highways, the ones explained by economic fundamentals, bring about larger population growth (45% larger) than politically-driven highways.6 Intermediate and rural districts drive these results. Second, the constructed network
6

A “politically-driven highway” is defined as a highway investment in the 25th percentile of similarity
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had an impact on aggregate welfare. Counterfactuals reveal that building the economicallydriven network, rather than the observed one, would have resulted in welfare gains of 9.5%.
Besides, my calibration suggests that if the government had not reacted at all to the Division
shock, this would have caused a reduction in welfare of 2.4%.7 Both these results show that
the endogenous response of infrastructure, to economic and non-economic factors, shapes
the gains from infrastructure investments.
Finally, I show how infrastructure changes can be important to explain economic outcomes. I let the calibrated model predict the change in trade flows due to highway construction during the Division. I find that the change in trade flows across German states
predicted by the model explains 20% of the change in trade flows in the data between 1960
and 1989 (correlation between predicted change and actual change is 0.43). On the contrary,
attempting to explain the change in trade due to a change in the underlying productivities
explains less than 5% of this variation.
Relation with the Literature There is an extensive literature about the effects of infrastructure investments. This literature can broadly be divided in two categories: (1) Papers
studying the effect of infrastructure access on local outcomes (Donaldson (2018) on prices,
Ghani et al. (2016) and Atack et al. (2008) on firm size, Michaels (2008) and Duranton et al.
(2014) on specialization, Banerjee et al. (2012) and Baum-Snow et al. (2015) on output,
and Duranton and Turner (2012), Baum-Snow (2007), Garcia-López et al. (2013), BaumSnow et al. (2017) on population growth). These papers rely on exogenous variation in the
construction of infrastructure for identification. This identification strategy estimates the
causal effect of “quasi-random” access to infrastructure. My paper is the first to estimate the
effects of "quasi-random" investments together with "endogenous/non-random" investments,
uncovering heterogeneous effects of access to highways on population growth.
(2) Papers studying the aggregate effects of infrastructure investments, including general
equilibrium effects (Donaldson (2018) and Allen and Arkolakis (2017) for the US, Alder and
Kondo (2018) for China, Asturias et al. (2014) and Alder (2014) for India). These studies
develop extensive general equilibrium models to quantify the aggregate effects of transport
infrastructure projects without explicitly modelling the choice of infrastructure. My framewith the model’s prediction while an “economically-driven highway” is defined as a highway investment in
the 75th percentile of similarity with the model’s prediction
7
It is worth noting that considering the reunification of Germany in 1989 could alter this welfare quantification.
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work endogenises infrastructure investments to characterise the optimal infrastructure choice.
My set-up allows me to compare the gains from the constructed infrastructure project with
the optimally chosen infrastructure project (and potentially other counterfactuals coming
from different government objective functions).
Further, this paper is very close to a very new strand of the literature that endogenises infrastructure investments. Allen and Arkolakis (2017) allow for the emergence of endogenous
trade costs due to decentralised shipping choices of traders along the network. Gallen and
Winston (2008) investigate the choice of infrastructure as a public good in a general equilibrium macro model in which infrastructure investments are modelled as a capital investment
good, that all firms benefit from. My framework models a government that chooses infrastructure investments directly and is, therefore, closest to Felbermayr and Tarasov (2015)
and Fajgelbaum and Schaal (2017). Felbermayr and Tarasov (2015) endogenise transport
investments in a trade model with endogenous infrastructure in a stylised framework that
features two countries located along a line while Fajgelbaum and Schaal (2017) characterise
the optimal infrastructure pattern in a multi-region spatial framework. In this paper, I design a multi-region framework amenable to quantitative exercises closer to Fajgelbaum and
Schaal (2017). There are two main differences between their framework and mine. First,
there is no congestion in my model which allows solving for the least-cost path problem independently of the goods and labour allocation, while Fajgelbaum and Schaal (2017) introduce
congestion in their framework to achieve global convexity. Second, my framework builds on
the traditional spatial frameworks used in the trade and urban economics literature. Specifically, trade in goods is modelled as in Krugman (1980) while the workers’ location choice
is modelled as in Redding (2016). My paper contributes to this literature with the first test
of this kind of models that exploits an exogenous shock to economic fundamentals coming
from a natural experiment and a panel of infrastructure investments. The use of a natural experiment allows me to test the qualitative and quantitative predictions of the model
using time-variation and, thus, controlling for time-invariant location-specific factors. The
previous models in the literature have only been tested using cross-sectional data.
This paper is organised as follows: Section 2 describes the historical background that
serves as a set-up to the paper and section 3 develops the theoretical framework with endogenous infrastructure to guide my empirical analysis. Section 4 describes the data and
presents the reduced-form results while section 5 explains the calibration of the model and
the comparison with the reduced-form results. Finally, section 6 reports the quantification
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of the aggregate and local gains and section 7 concludes.

2

Historical Background: The Division of Germany in 1949

In the aftermath of the Second World War the territory of Germany became divided into four
parts, two central ones (enclosing nowadays Germany) would be occupied by foreign powers
and the other two, the most eastern territories, were annexed to Poland and Russia. Figure
2 shows the territory that constituted the new German state under the occupation of the
United States, Great Britain, France and Russia, with the most significant cities at the time.
Four zones of occupation were agreed upon by 1945, with each zone under the control of
one foreign power to supervise the German de-militarisation. The eastern part, delimited in
red in Figure 1, remained under Russian control while the western part remained under the
control of the Western allies. Following the deterioration of the political relations between
the Western allies and Russia, with the onset of the Cold War, the two zones of occupation
finally were constituted into West Germany and East Germany in 1949. West Germany was
the largest territory with 53% of the former German territory and 58% of the population
(40 million in 1939).8 East Germany contained around 23% of the area and 22 % of the
population. Within East Germany was Berlin, the former capital, which was also divided
into West and East Berlin. It was the largest city in Germany, with 4 million inhabitants in
1939.
In the initial years after the Division, in 1949, there were still some economic and political
ties between the two states. Yet, the border became sealed from the Eastern side in 1952 to
prevent migrations to West Germany. All trade relations halted. After the construction of
the Berlin Wall in 1961, all population mobility between East and West Germany stopped
as well. The Division of Germany was recognised by the international community and was
generally believed to be permanent9
The Division of Germany separated territories integrated for centuries, with origins in the
Kingdom of Germany around the year 1000. The foundation of the German Empire in 1871
was the culmination of centuries of different levels of economic and political integration. The
Division meant that all movement of people and goofs between the two states completely
8
All figures in this section are taken from (Redding and Sturm, 2008), and come from the 1952 edition
of the Bundesrepublic statistical yearbook.
9
The two German states became UN members in 1972, the perceptions of the West German population
was that reunification was very unlikely even in 1980 (Gerhard Herdegen, 1992)
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Figure 2: Division of Germany in 1949

Figure 3: Highway plan of 1934
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stopped and West Germany gained a new geographic configuration.
Regarding the transportation network, the former German Empire was very well connected by a railway system completed in the 1910s. This was the main mode of transportation in the XIXth century. After the First World War the construction of a highway network
was discussed but finally rejected by the German parliament.10 The ascent to power of
Hitler marked the beginning of the construction of a German-wide highway network. The
construction of a highway network became one of the star policies of the Nazi party, as a
way to decrease unemployment and to gain attention from the International press. Fritz
Todt, appointed by Hitler as the Inspector General of German Road Construction, traced
a plan for the Highway network in 1934 heavily inspired by the previous plans designed in
the 1920s.11 . Construction was fast: half of the 4000 kilometres planned were built between
1934 until the beginning of World War II. Transit grew fast along the new highways. In
1955 short-distance shipments by truck were already 3 times larger than shipments by railway while long-distance truck shipments were only one-third of railway shipments.12 By
1970 short-distance shipments by truck were 5 times larger than long-distance shipments by
rail. Long-distance truck shipments were half of railway shipments but by 1985 were already
larger than shipments by rail.
Figure 3 shows the 1934 Highway plan over the territories of West Germany and East
Germany. As we can see, many of the planned highways cut through the inner border
or passed very close to it. The existence of this Pre-Division plan represents the initial
design of the German government to connect the German territory before the Division. The
comparison of this plan with the constructed highway network decades later will show to what
extent the Division affected the planning and construction of the infrastructure network.
In the next section I build a multi-region spatial trade model to examine the theoretical
consequences of the Division in a framework with endogenous infrastructure investments.
10

In the 1920s German politicians discussed the construction of a modern highway system. They formed
the HAFRABA association that lobbied for the construction of a restricted access motorway connecting
Hamburg-Frankfurt-Basel and other connections between major cities. The (Zeller and Dunlap, 2010)
11
Zeller and Dunlap (2010)
12
The data source is the Statistical Yearbook of the Bundesrepublic, multiple years. Figure A.1 in the
Appendix shows goods traffic in tons by mode of transport.
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3

A theoretical model of endogenous infrastructure choice

In this section, I outline a spatial trade model with endogenous transport infrastructure.13 I
first characterise the economically-driven infrastructure network, that I define as the infrastructure network that maximises welfare. I use the model to derive qualitative predictions
about the response of infrastructure to a shock such as the Division of Germany in 1949. I
also calibrate the model to the pre-Division period and simulate the Division of Germany
to compute a quantitative response to the Division. The framework features many locations
that produce an endogenous measure of differentiated varieties like in Krugman (1980).
These varieties can be traded across space subject to transport costs. Workers move across
locations to maximize their expected utility that depends on real income and heterogeneous
preferences for locations. The model builds on the family of quantitative spatial models
reviewed by Redding and Rossi-Hansberg (2017) and is especially close to Redding (2016).
I make two contributions with respect to this framework. First, I introduce a new transport
cost function that includes infrastructure quality. Second, infrastructure quality is chosen
by the government to maximise aggregate welfare.

3.1

Model Set-up

Main elements The model features costly trade across many districts, i = 1...N , endowed
with exogenous labour productivity, Ai . There is a measure L of workers in the economy.
Workers derive utility from the consumption of differentiated varieties of the tradable good,
from the consumption of housing and from the taste they have for the district they choose to
live in. Workers spend a fraction α of their income on the available differentiated varieties and
have CES preferences across varieties, with elasticity of substitution σ > 1. The remaining
income share (1-α) is spent on housing. Finally, workers have heterogenous preferences across
different districts. These preferences are modeled as an idyosincratic taste component bn .
Worker ω draws a vector of N realisations {bn (ω)}n=1...N from a Fréchet distribution with
shape parameter , that governs the dispersion of preferences across workers.14
Production of the differentiated varieties takes place under monopolistic competition,
13

A detailed exposition of the theoretical framework is contained in the technical appendix
The parameter  governs the dispersion of heterogenous preferences across workers. A large  implies
a low dispersion of the distribution (low standard deviation). Thus, the idiosyncratic preferences are more
similar across districts for all workers. Workers have more similar tastes so they react more strongly to
changes in real incomes. On the contrary, when  is small the dispersion in preferences is large, and workers
are very heterogenous.
14
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following Krugman (1980). Firms pay a fixed cost of production as well as variable costs in
terms of labour, so each firm produces a single differentiated variety in equilibrium. Firms
maximise profits by charging a constant mark-up over the marginal cost of production equal
to

σ
.
σ−1

Production uses labour as the only input and labour productivity is determined by

the district productivity Ai . The free entry condition drives profits down to zero and pins
down the scale of production of each firm. The labour market-clearing condition can be
solved for the total number of varieties produced in a district and will be a function of the
size of the district in terms of population.
The geography of the framework is as follows. Districts have some geographic surface
of similar size. Workers are concentrated in the centre of the district where consumption
and production happen. The set of districts, i = 1...N , are located on a finite plane of
generic shape. Each district is connected to the adjacent locations by the infrastructure
network. These network links can be transited freely by workers but moving goods across
them is costly. The cost of transit depends on the distance covered and the quality of the
infrastructure along the link.

Figure 4: Example of simple geography
Notes: Geography with 9 regions; dots are the population centres. In grey the initial
transport network, with the same initial quality.

Figure 4 provides an illustrative example. This geography can be represented by a graph
of edges (infrastructure links) and vertices (population settlements). The set of settlements
in this network is fixed, so there is no city creation or destruction. The set of links is also
taken as given.15 The quality of the links, on the contrary, can be improved by investing in
15

The assumption of a fixed network of links that can be upgraded in terms of quality is also present in
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infrastructure.

3.2

Transport Costs

Consuming non-locally produced varieties is costly because of the dispersion of production
and population across the grid of districts. The price of variety i consumed in district n
is given by the production price and the transport cost of shipping between district i and
district n:
pi,n = pi Ti,n

(1)

Cost of transit The cost of shipping a good along district i will depend on geography, D,
which determines the distance that has to be covered across the district, and the quality of
infrastructure, Φ, that will determine how costly (fast) can this distance be transited. The
ad-valorem cost of shipping across district k is defined as the cost of transit:
Cost of transitk =

Dk
φγk

(2)

where I use φk to denote the district-level infrastructure in k and Φ to denote the vector of
infrastructure allocations. I assume that the quality of infrastructure is homogeneous within
a district.16 This function means that

Dk
φγk

units of the good shipped will be paid for shipping

1 unit of any good across district k. As we can see, a higher infrastructure investment will
reduce the ad-valorem cost of transiting a district. In the quantitative exercise {Φ} will be
the quality of the road and its empirical counterpart will be highway construction.
I assume that φk ≥1, so that the transport cost will always be bounded above by the
physical geography.17 Parameter γ is the elasticity of the ad-valorem transit cost to infrastructure investments. I assume it to be ∈ (0, 1) This restriction ensures that there are
Fajgelbaum and Schaal (2017) and Felbermayr and Tarasov (2015). This constitutes an important difference
with the literature about banking, social and business networks where the links are endogenous. Allen and
Arkolakis (2014), on the contrary, consider the continuum of space as the domain for the transport cost
function that is defined at every point of the plane (instantaneous trade costs). The existence of transport
network changes the cost of transit over specific points of the plane.
16
In the real world a district may have one very high-quality highway and one very low-quality road.
Therefore, we may think of φi as the average quality of the infrastructure stock in district i. Fajgelbaum
and Schaal (2017) adopt the decision of defining the quality of infrastructure for every link, but this implies
solving the optimal investment for every link rather than keeping the district as the unit of analysis
17
This is a very reasonable assumption in the context of land-shipping because there is always some residual
way to go from one region to another even in the absence of roads (i.e. across the fields)
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decreasing returns to infrastructure and that the marginal benefit of infrastructure investments is concave.
Least-cost path problem Given the cost of transit along all districts, what is the cost
of shipping a good from district i to district n? In this network economy there will be
many alternative paths to ship goods between districts i and n.18 I assume goods are
shipped following the least-cost path. The transport cost matrix will be the collection of
bilateral transport costs along the least-cost path between each district pair. This is similar
to modelling a shadow transport sector that operates under perfect competition, and thus,
ships goods at the minimum costs (see Fajgelbaum and Schaal (2017)). To represent the
cost-minimising combination of N-by-N paths that connect all districts I define a least-cost
path matrix for each district. Each of these matrices is N-by-N and defines whether a district
k is included in the path that links any other district-pair along the cost-minimising route. It
is related to the transition matrix in the network literature as it indicates how to transition
from one node of the network to any other. For district k, the element Iki,n ∈ Ik indicates
whether district k will be on the path when shipping goods from district i to district n and
is defined as:


1,

if k is a transit district in the path between i and n
Iki,n = 
0, if k is not a transit district in the path between i and n

(3)

I can now define the transport cost Ti,n between any two districts i and n as
"

Ti,n =

Dk
Iki,n γ
φk
k

X

#

(4)

where φk is the infrastructure level in district k, Dk is the length of district k and Iki,n is the
(i, n) element of the least-cost path matrix of district k. The transport cost between i and
n is simply the sum of the geographical distance scaled by the infrastructure quality of all
the districts that are transited along the path.19
Figure 5 illustrates the transport cost function with a simple example. Consider the
three German districts in the figure (A, B and C) located sequentially. The transport
18

I assume a domestic closed economy. Thus, there are no tariffs or other trade costs.
Given that we have defined {Iki,n } as the least-cost path matrix this implies that we can also express the
k
transport friction between n and i as Ti,n = minm (T (pm
i,n )) where T (pi,n ) is the transport cost of shipping
a good from i to n along path m and M would be the possible set of paths.
19
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cost between A and B will be TA,B =

h

DA
φA

+

DB
φB

i

because these two regions are contiguous.

Yet, the transport cost between A and C will be TA,C =

h

DA
φA

+

DB
φB

+

DC
φC

i

. The distance

and infrastructure level in district B will affect the transport cost between A and C. In
standard trade models, this middle term will always be zero because trade models assume
direct shipping. This assumption implies that the cost of shipping between an origin and
a destination only depends on origin and destination parameters. However, I need a more
general specification of the transport cost function to study road transportation to take into
account the spatial nature of transport costs.

Figure 5: Transport costs: Illustration
Also, notice that the least-cost path indicator {Iki,n } will always be one when k = i and
k = n. But when k 6= {i, n} there will be differences in the value of this indicator for different
districts. Districts located in the centre of the geography will be along the path of most trade
flows. Districts located in the margins of the geography will almost never be transited by
trade flows between other districts.
Finally, I adopt a normalisation common to all trade models by assuming Ti,i = 1,
equivalent to assuming free intra-district trade and normalising the cost of trading out of
the district by the internal shipping cost.

3.3

Spatial equilibrium

Worker location choice and Welfare Workers choose where to live by maximising
indirect utility, given by real income and the idiosyncratic preference taste. The distribution
of indirect utility is also Fréchet and, given the properties of this probability distribution,
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we can write the share of workers that choose to live in district i as:
( wPnn )
Ln
= PN

L
n=1 (wn /(Pn ))

(5)

Expected utility for a worker across locations is given by:20
"

Ũ = δ

#1/

N
X



(wn /(Pn ))

(6)

1

where δ = Γ




−1



and Γ(.) is the gamma function. We impose  > 1 to ensure a finite value

of the expected utility. Because indirect utility follows a Fréchet distribution the expected
utility conditional on living in district i is the same across all districts i and equal to the
expected utility of the economy.21 I will use this measure of expected utility as a proxy for
aggregate welfare.
Spatial equilibrium For a given initial transport network defined by {D, Φ, {Iki,n }∀i,n,k }
and exogenous land endowments {H}∀i∈N and productivities {A}∀i∈N , the spatial equilibrium is a combination of wages, price indices and labour allocations, {wi , Pi , Li } such that
for all districts 1 to N the goods and housing markets clear in each district, the domestic
labour marker clears and expected utility is equalised across all workers. The equilibrium
trade shares and rental rates can be solved as a function of these three equilibrium variables.
The following equations define the equilibrium vector {wi , Pi , Li }:
The goods market clearing is given by the balanced trade condition:
wi Li =

X Li 
j

σF

σ wi
Ti,j
σ − 1 Ai

1−σ

(Pj )σ−1 wj Lj , ∀i ∈ N

(7)

The Price index in district i given by:
Pi1−σ =

X Lj
j

σF

σ wj
bj,i Tj,i
σ − 1 Aj

!1−σ

, ∀i ∈ N

(8)

The fraction of workers that chooses to live in one district emerges from the worker’s
20

See the technical appendix for derivation details
Because more productive districts attract more workers despite their preference taste the expected value
of indirect utility given by bn wn /Pnα rn1−α is the same across locations.
21
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utility maximisation and implies the following worker’s residential choice equation:
( wPii )
Li
= PN

L
j=1 (wj /(Pj ))

(9)

Equations (7), (8) and (9) can be solved for the equilibrium triple {wi , Pi , Li }. Lastly,
the equilibrium level of expected utility, Ũ , is implicitly determined by the domestic labour
market clearing,

P

i

Li = L.

Existence and Uniqueness As shown in Allen and Arkolakis (2014) the condition for
the existence and uniqueness of the spatial equilibrium will hold if the elasticity of expected
utility to the labour share in a district is negative: if the dispersion forces are stronger than
the agglomeration forces of the model. Specifically, Allen and Arkolakis (2014) proof that
the condition for existence and uniqueness of the equilibrium with imperfect mobility of
labour is
1
σ 1−
1+

!
1


>1

(10)

I calibrate the parameters so that the equilibrium is unique and stable.

3.4

Problem of the Government - Choice of Infrastructure Investment

I model the choice of infrastructure as a Stackelberg game between the Government and the
economic agents in the economy (workers and firms). The Government is the leader and thus
has the advantage to choose first in the game. The game is solved by backward induction.
Thus, the Government chooses infrastructure to maximise expected utility, Ũ , constrained
by the choices of workers and firms, given by the decentralised equilibrium allocation. This
set-up is similar to a Ramsey problem with a Government that maximises welfare replacing
the FOCs from the consumer, firms and workers’ problems into the constraints.
I assume that the Government can choose how to allocate a fixed amount of resources
to improve infrastructure across all the districts in the economy. The cost of investing in
district n is Dn φn and the budget constraint of the government is:
X

cΦi Di ≤ Z

(11)

i

The marginal cost is constant and equal to cDi . Thus, it will be more costly to improve
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infrastructure quality in districts with a larger surface.
Government’s problem We can write the problem of the Government as follows:

Max δ

# 1

"N
X



(wi /Pi )

{Φj }j∈N

i=1

subject to:
1. Goods market clearing
wi Li =

X Li 

σF

j

σ wi
bi,j Ti,j
σ − 1 Ai

1−σ

Pjσ−1 wj Lj , ∀i ∈ N

(13)

2. Labour market clearing
X
(wi /Pi )
Li
= PN
and
Li = L̄

L
k=1 (wk /Pk )
i

3. Minimum trade costs

"
X

Ti,k =

n

Dn
Ini,k γ
Φn

(14)

#

(15)

4. Government’s budget constraint
X

cΦi Di ≤ Z

(16)

i

where Pi =


P

Lj
j σF



σ 1
T
σ−1 Aj j,i

1−σ 1/(1−σ)


and δ = Γ( −1
), where Γ is the gamma function.

Taking the first order condition with respect to φj we get22
XX U
∂L
Xk,i j Dj
= 0 : δ 1/(1−)
( )1−
γI
pk +
∂φj
Pi k,i φγ+1
i
j
k vi
|

(σ − 1)

{z

XX
i

|

+
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ηi Xki

k

∂Tki 1
∂(Pk ) 1
−
∂φj Tki
∂φj Pk
{z

X

Li
λi
L

∂Pi X ∂Pk 1
−
∂φj
k ∂φj Pk
{z

Response of Labour

!

(17)
}

Response of wages

i

|

}

Direct effect

!

=

µc
|{z}

}

Marginal cost

The derivations use Roy’s inequality to get the direct effect and can be found in the Appendix.
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where vi =

wi
,
Pi

real income. As we can see from equation (17) infrastructure investment is

chosen so that the marginal benefit of investing in a district, left-hand side of the equation,
equates the marginal cost of building infrastructure in that district. The marginal benefit
includes the sum of the gains from investing in district j across all districts in the economy,
similar to the Samuelson rule for the allocation of public goods.
Because the marginal benefit has decreasing returns, districts where an additional investment unit causes a larger increase in expected utility will receive a larger infrastructure
share. The indirect effects through the adjustment of wages and population shares are more
important the more elastic is the demand for different varieties (σ − 1) and the lower is the
dispersion of workers’ preferences (recall that  → ∞ is the case with perfect worker mobility). Quantitatively, the importance of the wage and labour adjustments is small compared
to the direct effect through the fall in the price index (first term on the left hand side). Thus,
we can build intuition about the solution by approximating the infrastructure investment
of a district with the direct effect. Rearranging the terms of equation (17) can write an
expression for the infrastructure investment level in district j, φj :
φγ+1
= Dj C
j
d

XX
i

where C =

γU 1−
,
µ

vi−1

k



Xk,i j −σ
Ik,i pk
Pi


(18)

Xk,i are imports of district k from district i and vi = wi /Pi is the real

income of district i. The indicator Ijk,i is the component of the least-cost path matrix that
will equal to 1 if district j is on the least-cost path that connects i and k. Finally, pk is the
factory price of a variety produced in district k.
This expression is a non linear function of the weighted sum of total trade flows that
originate in j, end in j or transit j, with weights being a function of real incomes. To see
why notice that Ijk,i will be one every time i = j or k = j and when j is transited by a
trade flow between any other district pair. For all other trade flows the indicator Ijk,i will
be zero and will not show up. Thus, the infrastructure level in district j will be a function
of total trade flows that originate or end in j and of the trade flows that transit j. We
can re-write this expression as a function of the importance of district j in terms of Market
Access (importance as a source of trade) and in terms of Centrality (importance hub for
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trade flows).


φγ+1
j




= Dj C 




X

(h(Xk,j ) + h(Xj,k )

+

k

XX

Ijk,i h(Xk,i )

i6=j k6=j

|

{z

}

Market Access=Importance as source

where the function h(k, j) = vk1−

Xj,k −σ
p
Pk j

|

{z








(19)

}

Centrality=Importance as a hub

is increasing in exports from k to j. Equation (19)

shows that infrastructure investments will be higher in districts that trade more, first term
in the parenthesis, and in districts that are transited by large trade flows, second term in
the parenthesis.
To give an example of the solution to the goverment’s problem, recall our simple geography with 9 regions, located in a squared-plane. All districts are identical except for their
geographic location. Figure 6 displays the solution of the government in the left panel. As
we can see, district 5 is the most central location and gets the largest investment. Districts
2, 4, 6, and 8 are the second more central ones. Districts 2 and 8 get the second largest investments and then 4 and 6. The districts on the corners, because they are more remote, get
the smallest investments. The right panel shows the configuration of the transport network
after the upgrade. Two highways would connect the central cross while local roads would
connect the periphery with the centre.
3.5

Optimal Investment
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Figure 6: Example of solution with 9 regions
I will now use this model to understand the effects of a change in economic fundamentas,
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such as the appearance of a new border, on the allocation of infrastructure.

3.5

The Division of Germany in 1949

The theoretical framework developed in this section helps us understand what is the welfaremaximising infrastructure pattern across regions in a general equilibrium framework. As
indicated in equation (19) infrastructure investment will be higher in districts with more
Market Access (districts that are an important source of trade) and in districts with more
Centrality (districts that are transited by large trade flows).
What are the consequences of a change in the Market Access and Centrality for infrastructure investments? The model predicts a qualitative fall in infrastructure investments
after a fall in the Market Access or the Centrality of a district. The reason is that this fall
would reduce the marginal benefit of investing in that district. In our set-up there would
be two effects of the Division of Germany. First, the Market Access term would fall following the destruction of trade links between West and East German districts. This reduction
would be larger for districts that trade more with East Germany before Division. Thus, we
expect to see a larger decrease in infrastructure investments in districts near to the inner
German border. Second, the Centrality of a district would fall because of the same reason
as Market Access. This fall in Centrality would be significant for districts that were on the
path of large trade flows between East and West Germany. Once more, we expect stronger
effects for districts near the inner German border. We also expect large effects for districts
well connected to Berlin. In the next section I use the Division of Germany as a shock that
changed the Market Access and Centrality of West German districts to test the reaction of
infrastructure investments in the following decades.

4

Data and Reduced-form results

The quantitative analysis requires three different sets of data. First, I collect information
about the evolution of the highway network. Second, I collect information about economic
outcomes. Finally, I also collect some data to use as controls in the empirical application.
The unit of observation of the data will be the district. There are 412 districts between East
Germany and West Germany of which 313 districts are in West Germany. Alternatively, I
will use more aggregated data at the government region level (39 regions).
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The highway network data collected for the empirical exercise is of two types. First, I
digitise the highway network plan of 1934 from historical documents. From the digitised
data I construct a district level measure of the number of kilometres that the 1934 highway
plan allocated to each district. Besides, I collect data of the actual highway network (only
Autobahn) in Germany (both East and West Germany) for the years 1938, 1950, 1965, 1974,
1980, 1989, 2004 and 2015. This information is obtained from different road atlases, digitised
or manually coded. Figure 7 shows the evolution of the network between these years. This
highway network data is used to compute the number of highway kilometres by district in
the same way as done for the 1934 highway plan. These two datasets allow me to compare
the design of the highway network before the Division with the evolution of the highway
network after the Division.
Figure 7: Evolution of the German highway network

Notes: German highway data collected from Michelin Atlases of the years 1950, 1964,
1975, 1980 and 1989 digitised by the author.

As economic outcomes, I use population data by decade at the district level from the
historical census. I also collect employment level at the district level from the historical
census, available for some aggregated sectors. Additionally, I collect traffic of goods by road
for 18 aggregated traffic districts in Germany. The traffic data is collected in tons and
21

reported in an aggregated way (Total tons of goods sent to the rest of West Germany and
received from West Germany). The traffic data is collected from the "Statistisches Jahrbuch
fur die Deutsches Reicht". I use data from the year 1938, the closest to the beginning of the
construction of the highway network.
As controls, I collect a series of measures related to the geography of Germany such as
area of districts and distance to relevant points such as the inner German border.

4.1

23

Reduced-form results

As shown in the previous section, infrastructure investments are, at least partly, a function
of economic fundamentals such as market Access and Centrality. In order to test to what
extent is transport infrastructure a function of economic fundamentals we face a problem
of simultaneity and reverse causation. While governments may choose infrastructure as a
function of the observed economic fundamentals (and plausibly expected changes in these
fundamentals), infrastructure also affects economic fundamentals. To estimate how infrastructure responds to a change in economic fundamentals we need a shock that changes the
economic fundamentals in an exogenous, unexpected way. The Division of Germany provides
an excellent natural experiment.
The Division of Germany into East Germany and West Germany in 1949 was a sharp
shock to the Market Access and Centrality of West German districts. This shock was utterly
unexpected and uncorrelated with any pre-World War II economic outcomes (Redding and
Sturm, 2008). Firstly, it caused a reduction in the Market Access of West German districts
as all trade with East Germany stopped. Besides, the Centrality of West German districts
was affected because districts near the Inner German border, very central before Division,
became remote after Division. Finally, it even caused a change in the transportation network
because the border cut through some of the already existing highways and roads.
I use the heterogeneous effects of the Division across West German districts to estimate
how the infrastructure allocation reacted to the Division. Following the qualitative predictions of the model, the districts closer to the inner German border should have suffered the
most substantial reductions in infrastructure investments, since they were relatively more
affected by the shock. In theory, we could compare the highway construction after Division
in districts near the border and far from the border. However, there may be district-specific
23

Further details are provided in the technical appendix
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characteristics affecting the effects of the shock and the highway stock of the district. For
example, districts in the mountains may have been less affected by Division because they
were less likely to be trading with East German districts. Yet, these districts may also be
less likely to receive highway investments due to their geography. Factors such as geography
could introduce biases in my estimation.
To control for district-level characteristics, I run a difference-in-differences specification.
The empirical strategy is to compare the change in highways before and after Division in
districts near the inner German border and districts far from the border. Redding and Sturm
(2008) and Ahlfeldt et al. (2018) use a similar difference-in-differences strategy.24
To estimate how the government reacted to the Division shock, I compare the highway
network in two different moments in time. First, I use the (yet to build) 1934 highway plan
as a measure of infrastructure allocation before the Division. I use the observed highway
network in 1974 as the measure of infrastructure allocation after Division. I choose the
year 1974 because by this time the total length of the constructed highway network was
already higher than the kilometres planned in the 1934 design (in 1974 5,171 kilometres had
been built compared to the 4,238 kilometres planned in the 1934 design). Figure 8 shows the
original design of the 1934 highway plan and the highways that had been completed by 1946,
right by the end of the Second World War. Figure A.2, in the Appendix, plots the pace of
construction of the highway network by decade. I run the following difference-in-differences
specification is:
Hi,t = P ostt + distT oBorderi + distT oBorderi × P ostt + i,t

(20)

where i denotes districts; P ostt is 0 if t=1934 and 1 if year=1974 and distT oBorderi is
the distance to the border with East Germany. The outcome measure, Hi,t is the highway
kilometres in a district i and period t. I normalize the number of kilometers in 1974 to make
the measure comparable to the kilometres planned in 1934. Finally, in some specifications
I will replace distT oBorderi by district fixed effects, ηi . In alternative specifications I use
distance to Berlin and change in Market Access instead of distance to the inner German
border to proxy for the Division shock. As a measure of change in Market Access in district
i I compute the weighted sum of distances from district i to all other districts in the country
24

Redding and Sturm (2008) adopt a similar Difference in Differences strategy around the moment of
the Division to test whether cities closer to the Inner German border experienced a decrease in population
growth rates compared to cities far from the border. Ahlfeldt et al. (2018) exploit the division of Berlin into
East and West Berlin
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using as weights the population of each district before and after Division. I use the difference
as a proxy for the Division shock.

Hamburg, Freie und Hansestadt
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Bremen, Hansestadt

!

Hannover

!

Berlin
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DuisburgEssen
!! !
Dortmund
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DüsseldorfKöln
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Dresden

Frankfurt am Main
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Nürnberg

!
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Stuttgart
München

Main cities
East Germany

!

1934 Highway Plan
1946 completed

Figure 8: Planned Highways (1934) and completed by 1946
Notes: The dashed line plots the highway plan as designed in 1934. Darker lines
represent the network that had been built by 1946.

4.2

Results

I run the specification in equation (20) using the continuos distance measure and then using
a dummy treatment variable, dividing the distance measure by deciles and including the
first 6 decile indicators in the regression. The first decile corresponds to the districts most
strongly affected by the shock: districts closest to East Germany (or Berlin or districts that
suffered the largest Market Access loss). Results of the baseline specification, using the
distance to the East German border are reported in Table 1. The same estimation with
the two alternative treatment measures are reported in the Appendix, Tables A.1 and A.2.
The results show that the Division shock affected the highway allocation between 1934 and
1974. In districts closer to East Germany (and closer to Berlin or that suffered a stronger
24

loss of Market Access) the highway allocation fell, on average, compared to the planned
kilometres in 1934. These results show that the German government reacted to the Division
by investing less than planned in these affected districts.
Columns 1 and 2 show that a district 100 kilometres further away from the inner German
border got allocated an extra 3,6 kilometres of highways, on average, relative to the kilometres
planned in 1934. This increase is about one-fourth of the mean (13 kilometres). Columns 3
and 4 in Table 1 show that the highway allocation by district fell between 6 and 9 kilometres
in the districts closest to the inner German border. This decrease is similar to half a standard
deviation. Tables A.1 and A.2 report very similar coefficients. These results show that the
German government reacted to the Division of Germany by adjusting the 1934 highway plan
to the new economic fundamentals of West Germany. The highway allocation planned in
1934 was reduced in districts that were more strongly affected by the Division shock (closer
to East Germany or Berlin, and districts that loss more Market Access). More highways
were built in the regions further from the inner border.

4.3

Robustness Checks

Construction timing: Before and after Division

[add paragraph about YEAR

BY YEAR effects]
Dropping districts close to the border I test whether the effects are driven only by
a strong reduction of highway investments in the districts very close to the inner German
border. With this I want to show that my results are not driven by the militarisation of the
border that probably stopped highway construction in the border regions. I run the baseline
specification dropping the districts closer than 50km and 70 km from the border. The results,
reported in table A.4, remain unchanged. This shows that the government adjusted highway
construction to the shock also in regions more than 70 kilometres away from the border.
Endogeneity of the inner German border Even if the Division of Germany was an
exogenous shock the design of the inner German border was not random. Part of this border
runs along the Elbe river and has been a line of separation between German peoples and
states. The Division of Germany into four occupation areas took into account the district
borders. To check whether the Division of districts into East Germany or West Germany was
not based on district-specific characteristics I run the same specification by approximating
25

Table 1: Effects of the Division Shock on Highway construction
Highway km

Highway km

∆ Highway km

∆ Highway km

Dist to Border × Post

0.0493**
(0.0191)

0.0493***
(0.0118)

Post

3.4793
(3.5051)

3.4793*
(1.7717)

distEAST_part== 0.0000

-13.8133***
(2.6091)

-10.2759***
(3.5175)

distEAST_part== 1.0000

-5.2760
(3.3493)

-2.9891
(4.0257)

distEAST_part== 2.0000

-6.6438*
(3.4581)

-4.3695
(3.9996)

distEAST_part== 3.0000

-8.3646**
(3.2815)

-8.4047**
(3.8719)

distEAST_part== 4.0000

-6.5047**
(2.9814)

-8.1639**
(3.2587)

distEAST_part== 5.0000

-0.8676
(3.9146)

1.5812
(4.1172)

Distance to East German border (km)

Constant

-0.0516***
(0.0115)

20.3477***
(2.2402)

-1.2649
(1.4067)

14.5547***
(1.6297)

11.7623***
(2.5112)

District FE

No

Yes

No

No

State FE

No

No

No

Yes

648
0.082

648
0.830

324
0.065

321
0.152

Observations
R2
Mean Highway km
SD Highway km

13
17

Notes: Robust HAC standard errors, are in parentheses.* significant at 10%, ** significant at 5%, *** significant at 1%. In
columns 1 and 2 the dependent variable is Highway kilometers, constructed as the highway kilometres by district in 1934 and
1974. In columns 3 and 4 the dependent variable is the Change in highway kilometers, constructed as the difference between
the kilometers in 1974 and 1934.

26

the actual inner German border with a polygon that covers the surface of East Germany. I
compute the distance to the straight line from each district centroid and report the results in
table A.5. The response of highway construction to the Division is still significant although
the coefficient is smaller than when I use the actual border.
Fear of Soviet invasion An alternative explanation for the results reported until now
could be the fear of a confict with the Soviet Union. If the government had some expectation
of suffering a new armed confrontation with Russia they would try to keep the bordering
regions badly connected to East Germany. However, according to surveys carried out during
the years of the Division the fear of a new armed conflict was not among the most relevant
problems perceived by the West German population (Redding and Sturm, 2008). The results
from these checks confirms the findings of the difference-in-differences specification: the
German government reacted to the Division of Germany by adjusting the 1934 highway plan
to the new economic fundamentals of West Germany. The highway allocation planned in
1934 was reduced in districts that were more strongly affected by the Division shock (closer
to East Germany or Berlin, and districts that loss more Market Access). These reaction is
consistent with the qualitative predictions from the spatial model developed in Section 3. In
the next section, I use the full structure of the model to test whether it can quantitatively
replicate the reduced-form results.

5

Endogenous infrastructure and the Division shock

In this section, I take the model to the data to compare the quantitative predictions of the
model with the reduced-form response of highways to the Division shock. The goal of this
exercise is to understand the magnitude of the estimated reaction of the German government.
In the first part of the section, I calibrate the model to the German economy before the
Division shock. I assess the fit of the model by comparing the model’s predictions about
domestic trade with actual trade data from the year 1938. I use the calibrated version
of the model to compute the economically-driven infrastructure allocation before Division.
The economically-driven network is the solution to the government’s problem presented in
section 3. I simulate the Division shock and re-compute the economically-driven highway
network only for West Germany, given the new economic fundamentals. Finally, I compare
the simulated change in infrastructure investments with the reduced-form estimates of the
previous section.
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5.1

Calibration of the model: Germany before Division

The goal of this calibration is to obtain a quantitative model that represents as close as
possible the German economy before the Division. To take the model to the data I need to
calibrate the pre-Division transport network and the key parameters of the model.

5.1.1

Highway network and Transport costs

The geography of this model is a graph composed of a set of districts linked by the transport
network. This graph represents the underlying geography of Germany and is assumed to be
fixed. The quality of the links can be upgraded by investing in infrastructure. I build the
underlying graph as follows. I combine the highways, (Autobahns) and all federal highways
(Bundesstraße) that existed in 1950.25 I add the local roads needed to ensure that all
districts in Germany are connected to the network. This gives me a network that contains
all german districts.26 Figure 9 displays the roads chosen for the initial network and the
graph corresponding to this network.27
25

The federal highways are roads with multiple lanes but not limited-access like Autobahns
The resulting graph is composed of 1290 vertices connected by 1463 links for the whole of Germany. I
choose the centroid vertex in each district so that I end up with one vertex per district.
27
For the network construction I use the Network Analysis toolkit in the geographic information software
ArcGIS.
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B) Graph

A) Chosen network

Figure 9: Representative transport network and corresponding graph
Notes: Panel A shows the roads that I choose to build the grid. This network connects
all districts while the number of links remains small. Highways are the darkest lines,
federal highways are the intermediate lines, and local roads are the thinnest lines.
Panel B shows the discretisation of the network in panel A. Each dot represents a
vertex, and each line represents an edge of the network.

After building the network, I compute the cost of transporting goods following Combes
and Lafourcade (2005). These costs are the frictions that the government will be able
to modify by investing in infrastructure quality. I compute the shipping cost by adding a
time-related component and a distance-related component, following Combes and Lafourcade
(2005). And I assume that, in the beginning, all links are local roads. I convert the computed
initial transport costs (in euros) to ad-valorem transport costs by scaling the cost of shipping
by the average value of the shipment of a truck in Germany in 1950.28 Given the graph and
the associated transit costs I can compute the initial transport cost matrix by applying a
least-cost path algorithm to the network. This calibration gives me the transport cost matrix
in 1938, before the German Division.
28

I provide further details in the Appendix
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5.1.2

Parameter choice

The model described in section 3 has several parameters to be calibrated. Some of the
parameters are present in other trade and spatial models. This is the case of {Ai }, the
exogenous productivity of each district, , the shape parameter of the Fréchet distribution
from which idiosyncratic tastes are drawn and (σ − 1), the trade elasticity. The model has
two parameters related to the construction of infrastructure: γ, the elasticity of transport
costs to infrastructure investments and Z, the budget of the government for infrastructure
upgrades.
The district-level productivities, {Ai }, are calibrated to match the population distribution before the Division of Germany: I compute the productivity level of each district by
inverting the spatial equilibrium and solving for the vector of district productivities that, in
equilibrium, delivers the population distribution observed in the data.29 I use population
at the district-level for 1950 (1938) from the German Census collected in the Statistical
Yearbooks of the Federal Republic of Germany, 1952.
I choose the elasticity of substitution in the CES preferences σ to 5, following the consensus in the trade literature, for example (Broda et al., 2008).
I set the shape parameter of the Fréchet distribution, , to 3 following the estimated
value from domestic migration flows across U.S. counties by Monte et al. (2015).
The two parameters specific to my model are γ, the elasticity of transport costs to
infrastructure investments, and Z, the government budget. I discipline these parameters
using the design of the 1934 highway plan. To calibrate γ, the elasticity of transport costs to
infrastructure investments, I use the Simulated Method of Moments. I simulate the choice of
infrastructure in a representative 50-district economy with 30 random draws of productivity
distributions. I compute the kurtosis of the simulated infrastructure network and I choose γ
to minimise the squared distance between the simulated moment and the empirical measure
of kurtosis in the 1934 plan. To calibrate Z, I choose the budget such that the number of
districts with no investment in infrastructure is similar to the number of districts with no
infrastructure in the 1934 highway plan. The left panel of Figure A.4 plots the histogram of
simulated investments before the Division using the model (red) over the histogram of the
1934 highway plan taken from the data (blue).
Given the initial transport network and the value of the model parameters I can compute
29

This calibration technique is explained in the survey by Redding and Rossi-Hansberg (2017)
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the matrix of transport costs and solve for the spatial equilibrium that is determined by the
clearing of the goods market and the utility equalization condition contained in equations
(7), (8) and (9) of section 3.

5.2

Fit of the Model

5.2.1

Trade predictions

To check the fit of the model I compare the model’s predictions of trade across districts with
cross-sectional data about trade shipments by road from the year 1938. I choose trade flows
to test the performance of the model because trade of goods is the central mechanism of the
model and it is left untargeted in the calibration.
Given the equilibrium triple of {wi , Pi , Li } I predict trade flows between all German
districts. I aggregate total trade by districts into a different classification, traffic-districts
(V erkehrsbezirken), for which I observe road shipments in the historical data. The data
provides a measure of the total tons of goods received by road in any traffic-district from
the rest of West Germany and of total tons shipped to the rest of West Germany. This
information is available for 18 traffic-districts (that contain all 412 districts in Germany). I
compare the predicted trade in the model with the total imports and total exports of each
traffic-district in the data. Figure 16 plots the goods traffic data against the model predictions. The model explains almost 58% of the cross-sectional variation in exports and 62% of
the variation in imports, as measured by the R squared. Thus, the calibration does an good
job in predicting trade flows across districts before Division.
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Figure 10: Model fit of domestic trade
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Notes: Each dot represents one traffic-district, there are 17 in total. Data comes from the Statistical Yearbook of the
Bundesrepublic, year 1940. The road shipment data is collected in tons and split up by tons imported and tons exported
to the rest of German districts.

As a second check I use an additional piece of historical data about trade flows. I
collect the total tons of goods shipped by distance bins from manufacturing shipments and
furniture in the year 1938 within Germany, from the Statistical yearbook of the Deutches
Reicht (1940). I construct the share of shipments in real terms by distance bins in equilibrium
using the calibrated model and compare the model’s predictions with the data. Figure 11
plots the density of trade flows over distance in the data (continuous line) and in the model
(dashed line). The model underpredicts the density for small distances and over predicts
density over long distances but the trend is similar to the trend observed in the data. The
fit improves when large cities are dropped from the simulated data, which indicates that the
model overpredicts trade flows in densely populated districts.
Overall the model does a good job in predicting trade flows and trade density over
distance of the German economy in 1938.
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Figure 11: Model fit of trade flows over distance
Notes: Share of total weight of good shipments by distance bins. The continuous
line plots the density of goods shipments over distance in the goods traffic data while
the dashed line plots the density of trade flows over distance in the model. Goods
shipments only contain shipments by truck of manufacturing firms and furniture.

5.3

Computing the economically-driven network

5.3.1

Solution method

Given the parameter values, the underlying transport network and the initial transport costs,
I solve for the infrastructure allocation that maximises expected utility. The solution will be
a vector of 397 infrastructure investments. These infrastructure investments pin down the
equilibrium transport costs and the spatial equilibrium (equilibrium wages and population
distribution).
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The model does not feature congestion costs because transport costs are independent of
i,j
the quantity shipped ( ∂T
= 0). This choice simplifies the solution method because given
∂Xij

the network and the investment vector I can compute transport costs independently of the
equilibrium allocation. However, the lack of congestion makes the government’s problem not
30

There are 15 districts that I drop from my sample because I could not extract from the digitised network
datasets their connection to the Transport network. These districts represent a tiny fraction of the population
and are located near the border of Germany
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globally convex.31 The short-come of modelling transport costs as constant on the quantity
shipped (weakly convex) is that I cannot prove that the solution I find is the global optimum
of the problem. In my set-up this is not a concern. The local optimum will be the best
possible deviation from the initial network. This solution coincides with the problem the
government has to solve: how to allocate limited resources to upgrade the highway network.
On the contrary, the global optimum may be very far from the initial network and require
a much more significant investment. Even without congestion the spatial problem of the
economy is convex and features a unique and stable equilibrium. The transport costs are
constant on the quantities traded and convex on the infrastructure investments which makes
the problem (weakly) convex.
I can rewrite the problem as an optimization of the equilibrium expected utility over the
infrastructure investment vector:
Max EU eq = f (weq (Φ), Leq (Φ), T eq (Φ), Φ)

{φj }j∈N

(21)

where EU eq is the equilibrium expected utility for a given infrastructure network and a given
vector of infrastructure investments (Φ). The equilibrium expected utility is a function of
the equilbrium wages, weq (Φ), equilibrium population allocation, Leq (Φ) and the equilibrium
transport cost matrix, T eq (Φ). To solve for the infrastructure allocation, I start the problem
from the observed transport network, and I search for the infrastructure allocation that
maximises expected utility using an interior-point algorithm.

5.3.2

Highway investment predictions

I compare the model’s solution to the highway allocation in the 1934 highway plan. Table
2 shows that the model’s solution is positively and significantly correlated with the government’s plan of 1934. The model explains 18% of the district-level highway allocation without
any controls. This 18% is the share explained by economic fundamentals. Furthermore, I
show that the differences between the model and the plan are not driven by the distance to
the border or the distance to the nearest European country.
31

See Fajgelbaum and Schaal (2017) for a detailed discussion about convexity in spatial networks
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Table 2: 1934 Highway plan compared to Model (Aggregated Mikrozensus regions)
D.V. Planned km 1934

Logit

OLS

Planned Highway>0
Predicted Highway>0

Planned Km

Planned Km

Planned Km

0.3118***

0.2647**

0.2662***

(0.0442)

(0.1262)

(0.0702)

0.1105**
(0.0527)

Predicted km

Dist to Europe border

0.0296**
(0.0121)

DistEur × Predicted km

0.0001
(0.0005)

Dist to border

0.0620**
(0.0263)

DistBorder × Predicted km

0.0001
(0.0008)

Constant

Observations
R2

0.5562***

12.3890***

8.1694***

8.5513***

(0.0383)

(1.1937)

(1.7933)

(1.9247)

340

340

338

338

0.013

0.186

0.211

0.204

The model performs well in explaining the cross-section of trade flows and can rationalize
part of the 1934 highway plan. In the next section I use the model to simulate the Division
shock and recompute the economically-driven infrastructure investment after Division.

5.4

Simulation of the Division shock

I simulate the Division shock by introducing a border friction, {Bij }. The border friction
multiplies the transport cost and is parametrised as follows:

Bi,j =



1

if i, j belong to West Germany


> 1,

in all other cases

(22)

In the numerical implementation I use the extreme assumption that Bi,j = ∞ when i and j
belong to different parts of Germany after the Division.
After Division the only network available is the part of the network in West Germany. The
new government’s problem is to upgrade the infrastructure in West Germany to maximise
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the aggregate welfare of West German districts.32 I include all the highways built by 1950 in
the calibration of the transport network because these investments cannot be undone This
change allows me to compare the constrained solution in the model with the constrained
solution in the data. Finally, I assume that all parameters remain unchanged. In this
assumption I follow Redding and Sturm (2008) that interpret the Division of Germany as a
trade and labour shock. They provide evidence that the mobility decision of people was not
affected by fear of a Russian invasion.
Figure 12 plots the spatial distribution of highway investments simulated by the model.
The above panel displays investments before Division while the lower panel displays investments after Division. As we can see, the infrastructure allocation follows the distribution
of population before Division while it is concentrated in the middle of West Germany after
the Division. The shades represent the share of the government budget allocated to each
district, with darker shades representing higher investments. The first plot shows the share
of investment in the Pre-Division simulation with the 1934 Highway plan plotted as a dashed
line. The model can predict the parts of the 1934 Plan connecting different regions to Berlin
mostly in the North, while it under-predicts smaller investments in the southern part of Germany. This simulation allows me to compare the two observed networks from the data, the
1934 highway plan and the 1974 highway network, with the two simulated highway networks
coming from the calibrated model. I use the change in the investment share allocated to
each district before and after the shock to produce a simulated counterpart of the change in
highway construction:
\ kmi = Highway kmi,P OST − Highway kmi,P RE
∆Highway

(23)

Figure A.5 in the Appendix plots the distribution of the empirical measure and the simulated
measure. Positive values mean that the Government reacted to the Division by allocating
a larger highway share than the one planned before Division (the district was relatively
better-off after Division).
32

Figure A.3 in the Appendix shows the graph of locations after the Division of Germany.
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Figure 12: Simulated Infrastructure investments before and after Division shock
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Negative values mean that the Government reacted to the Division by allocating a smaller
highway share than the one planned before the Division (District was relatively worse-off after
Division). We can see that both measures concentrate around zero. The simulated measure
expands a larger range, with changes in the highway share from -2% to 1.8%. Thus, the
infrastructure allocation in the model seems to be more flexible than in the data.
In the next subsection I use the simulated measure to replicate the reduced-form results
and test the model’s quantitative performance.

5.5

Reaction of infrastructure investments

In this section I run the same difference-in-differences specification using as outcome variable
the highway investment predicted by the model before and after Division:
d = P ost + distT oBorder + distT oBorder × P ost + η + 
H
i,t
t
i
i
t
i,t
i,t

(24)

Alternatively, I run the same specification comparing the Post-Division simulated highway
investment to the 1934 highway plan. I call this the constrained measure, as I compare only
the reaction predicted by the model to the initial highway plan. Table 3 displays the results
of the simulated measures together with the reduced form estimates of section 4. This table
allows me to compare the results between data and model. The results show that the model
can quantitatively account for the highway response estimated in the data. The coefficients
estimated using the calibrated model (last 2 columns) are of a similar magnitude as the
reduced-form estimates (column 1). Thus, highway investments seem to have reacted to the
Division shock as predicted by the model.
In terms of strength, the response in the model is stronger than in the data.33 In the
data, a district 100-kilometres closer to East Germany receives 4.9 fewer kilometres than
planned.
The simulated response in the model displays a drop that ranges between 4.3 to 5.5
kilometres, depending on whether we consider the full model or the constrained model. The
model’s response is a useful benchmark because the main goal of building infrastructure is
the movement of goods across districts. It abstracts from any other mechanisms affecting
33
Some differences between the model and the data seem to be driven by the proximity to the border with
France and Austria and with the political importance of some regions. In the future I would like to explore
further the drivers of this difference

38

infrastructure choice. From these results, I conclude that infrastructure reacts to changes in
the economic environment to a large extent. The estimated response represents between 65%
to 83% of the simulated response and the estimated coefficient in the reduced-form specification is not statistically different from the coefficients using the simulated data (columns
2 or 3). These findings suggest that the model can quantitatively account for the average
reaction of highway investments to the Division. In the next sub-section I examine to what
extent the predicted changes in the model also correlate with changes in the data looking at
the district level, and what is the pattern in any observed differences.
Table 3: Effects of the Division Shock: Model vs Simulation
DV. Highway km

DATA

MODEL (Constrained)

MODEL (Full)

(1)

(2)

(3)

0.0493***

0.0437***

0.0549***

(0.0118)

(0.0138)

(0.0150)

3.4793*

-5.5278**

-4.4819

(1.7717)

(2.7910)

(2.8803)

-1.2649

13.9172

16.4389**

(1.4067)

(14.1234)

(8.2220)

District FE

Yes

Yes

Yes

Observations

648

635

622

0.830

0.615

0.809

Dist to Border × Post

Post

Constant

R

2

Mean Dep. Var

13

St. Deviation Dep. Var

17

Notes: Standard errors, clustered by district level, are in parentheses.* significant at 10%, **
significant at 5%, *** significant at 1%. The dependent variable is the highway kilometres per
district in two time periods: before Division of Germany, 1934 and after Division, in 1974. The
before Division measure is a counterfactual measure, since the highway network had no been built.
Therefore is is the kilometres planned. Columns 1 presents the results using the data as outcome
variable, columns 2 and 4 3 the model solution as highway outcome. Columns 3 uses the same
Highway km before the Division as Column 1, the highway kilometres that has been planned for
each district in 1934. Column 4 uses as before Division measure the model’s solution before the
Shock and after Division highway measure the model’s solution after the shock.

5.6

Discussion of results: Differences between the model and the data

As we have seen, the reaction of the highway network to the Division was similar than
the response predicted in the calibrated model. Let us now examine the differences in the
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allocation of highway across districts. Figure 13 plots the change in highway kilometres
between 1980 and the 1934 plan against the change in highway investments between the
kilometer-adjusted model prediction after Division and the 1934 plan. This figure shows
that the correlation between the two measures is strong and positive, R-square is 0.30 (0.35
if observations are weighted by the highway allocation received, figure A.6 in the Appendix).
The slope of the relation between the empirical response and the model’s response correlation
is 0.33. Notice that if the government and the model were completely aligned we would expect
a correlation close to 1. The difference between the expected slope and the actual slope can
help us understand the behaviour of the government.

50
0
-50
-100

Δ Highway km (1980 - Plan): Data

100

Figure 13: Highway response to the Division shock: Data vs Model

-100
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50

100

Δ Highway km (Post - Plan): Model

Notes: The above figure plots the relation between the observed highway response and the predicted
response in the calibrated model. ∆ Highway km (1980-Plan) is the difference between the highway
kilometres built in a district by 1980 minus the kilometres planned in 1934. ∆ Highway km (Post-Plan)
is the difference between the optimal highway investment predicted by the model after Division minus
the kilometres planned in 1934. The continuous line plots the linear fit (with the confidence intervals)
of the following specification: ∆ Highway km80,P lan =α + β ∆ Highway kmP OST,P lan . The R-square is
30% and β = 0.328∗∗∗∗ . The 45 degree line is represented by the dotted line.

If the response of the government, as estimated in the data, had been stronger than the
model we could infer that the model’s simulation of the shock was not enough to explain the
observe reaction. This would point to the existence of non-economic factors missing from
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the model that amplified the effects of the Division. For example, fear of an attack from the
Soviet forces is not captured in the model but would explain why the government allocated
even less infrastructure to border regions. The new opportunity of trading with France
and other west-European countries would also be included in this case. On the contrary,
if the estimated response of the government to the shock is weaker than the response in
the calibrated model, the Division shock was less important than what the model captures.
This would be evidence of the existence of non-economic factors that acted in the opposite
direction of the shock to trade flows and labour flows (mechanisms in the model). For
example, the government could have been concerned with the effects of the Division for
the border regions and decided to keep them well connected to the rest of West Germany.
Another possible explanation was that the government decided to keep building the 1934
highway plan without adjustments, for example to save costs of re-designing.
Recall that we estimated a coefficient of 0.3 for the relation between the empirical response and the model. Because this coefficient is smaller than one we can conclude that the
government under-reacted to the Division. It seems that non-economic factors went in the
opposite direction of the trade and labour shock caused by the Division. This under-reaction
to the Division shock could be intentional or accidental. If intentional, this under-reaction
would reflect the difference between the government’s welfare function and the model’s welfare function. As we can see in figure 13 the differences between the model and the data come
from (1) an over-investment in the districts where investments should have been reduced,
points to the left of the vertical line, and (2) an under-investment in the districts where
investments should have been expanded, points to the right of the vertical line.
In the next session I quantify the cost of this under-reaction in the reshaping of the
highway network on two levels. First, I examine whether highways have heterogeneous
effects on regional outcomes, depending on whether the highway is motivated by economic
factors (through the lens of my model). Second, I examine the effects of the under-reaction
for aggregate welfare by studying two counterfactuals: the case of full response to the shock
and the case of no response to the shock.
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6
6.1

The gains from reshapping infrastructure

Aggregate gains

In this section, I quantify the aggregate gains of choosing infrastructure as a response to
economic fundamentals. To this end, I use the calibrated model to evaluate the welfare
gains from different infrastructure choices. First, I build the model’s counterpart of the
1974 highway network and compute aggregate welfare using the structure of the model.
Additionally, I compute the aggregate welfare level when the infrastructure network is equal
to the model’s solution. Table 4 reports the results.
Table 4: Welfare comparison
Highway network

% Welfare change

Model simulated network compared to 1974 network

9.59%

1934 Plan network compared to 1974 network

-2.44%

These results suggest that important welfare gains could be made from choosing infrastructure as a response to changes in fundamentals. Moving from the observed 1974 highway
allocation to the optimal investment allocation predicted by the quantitative model would
increase welfare by 9.59%. Remember that the solution of the model is an allocation of
infrastructure that maximises aggregate welfare given by the expected utility of any worker.
Therefore, the model already contains a dislike for inequality. Yet, there may be additional
items in the government’s objective function, such as preferences for some locations due to
political importance or a willingness to trade with other countries, which are not in the
model. These motives would change the welfare quantification from the two counterfactual
networks. Further research is needed to quantify the relative importance of different items
in the government’s objective function.
What would be the losses from not reacting to a shock such as the Division? If the
German government had followed the 1934 Highway plan without making any adjustments
after Division, this would have resulted, according to the model, in loses of 2.14% of aggregate
welfare compared to welfare from the observed network. Though the lens of my model,
substantial welfare gains could be reaped from choosing infrastructure investments as a
response to economic fundamentals.
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6.2

Local gains

The highways we observe in West Germany are a combination of changes in economic fundamentals and other political factors. We have seen that building the highway network as
response to economic fundamentals delivers the highest welfare. However, it is common to
find both types of highways in a country’s transport network. The goal of this section is
to understand whether highways built as a response to economic fundamentals also bring
about higher local growth than highways that respond to other factors.

6.2.1

Empirical strategy

The Division of Germany changed the economic-relevance of some of the built and planned
highways in West Germany. The empirical strategy of this section exploits that some of the
built highways were not chosen solely as a response to economic fundamentals but rather
following the plan of 1934 and other related factors.
The existence of the 1934 highway plan could have affected the construction decision
because around half of it had been completed before the Division of Germany (Figure A.2 in
the Appendix). This “inherited” network plausibly represented a constraint for the government. First, because the government might have wanted to take advantage of previously built
highways, rather than considering them sunk costs. Second, because the government might
have been tempted to fulfil the expectations of the voters about future highway construction.
Figure ?? shows the correlation between the change in Highway kilometers observed in the
data after Division and the highway change predicted in the model simulations. Splitting
the sample between districts in which no highway had been planned in 1934 (“new”) and
districts in which some highway kilometres had been planned (“planned”), we find that the
reaction of the Government to the shock (slope of the fitted line) is steeper for the districts
in which no highway had been planned before the Division.
I exploit this persistence of the 1934 Highway plan to compare districts that received
a highway investment following economic fundamentals (“economically-driven highways”)
with districts that received a highway investment following some other reasons (“politicallydriven highways”). Figure 14 provides a simple example to illustrate the empirical strategy.
Assume a simple geography of three regions similar in economic fundamentals except for
geography (region 3 is slightly more remote). Assume also that region 3 is the historical
capital. The left plot shows the observed transport network between these locations. There
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Observed

Economic

Political

Figure 14: Empirical strategy
are two highways: one connecting regions 1 and 2 and another highway connecting regions 2
and 3. There is also a local road that connects regions 1 and 3. Were these highways chosen
following economic factors, political factors or both? The central plot shows how would the
network look like if infrastructure had been chosen according to economic fundamentals.
Only one highway would have been built between regions 1 and 2. The reason is that this is
the highway with the highest return, because regions 1 and 2 are the main trading partners
due to their proximity. The last plot shows the network we would observe if the government
was following only political factors. Due to the importance of region 3 as the historical
capital, the government would want to connect it to the markets in regions 1 and 2, even if
the returns on this investment would be lower than any other. The estimation strategy here
is to find an instrument for highway construction and compare districts that are connected
to the network with an “economically-driven” highway with districts with“politically-driven”
highways.
I identify the “economically-driven” highways from the “politically-driven” highways using my calibrated model. The way I do this is by comparing the predicted reaction of
highways to the Division in the model with the reaction observed in the data. A district
has an “economically-driven” highway when the prediction of the model coincides with the
observed investment: the solution of the model predicts an increase in investments and we
observe a highway built in the data. The measure that accounts for the model predictions is
∆ PredictedHi =Highway kmP OST −Highway kmP RE . This measure indicates the economic
importance of a highway. A large and positive value of the measure indicates that a district
became more important and more central after Division, meaning that it should have received a larger infrastructure investment according to economic fundamentals. On the other
hand, a very negative and large value of the measure indicates that the district was negatively affected by the shock and it is not optimal to invest as much as previously planned. I
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will consider “economically-driven” highways the ones built in districts where the predicted
change in highways coming from the simulated model is positive ( ∆ Predicted Hi > 0). The
“politically-driven” highways will be the highways built in districts in which the predicted
change in highway after Division is negative (∆ Predicted Hi < 0)
To test whether a district benefits more from an “economically-driven” highway I follow
a long and growing literature that uses quasi-experimental variation in access to transport
infrastructure to estimate the reduced-form effects of these investments on different economic
outcomes (Michaels (2008), Duranton and Turner (2012) and Redding and Turner (2015)
for a review). This literature exploits exogenous variation in the allocation of infrastructure
to avoid the endogeneity problem.
The most extended empirical strategy is a difference-in-differences regression (in first
differences):
∆lnYi,t = βHi,t + δt + ui,t

(25)

where Yt,i is the outcome of interest, Hi,t is a dummy for access to highways in region i, year t
and δt are period fixed effects. This specification exploits the time difference (before and after
the construction of the infrastructure project) and the difference in treatment (regions got
access to the infrastructure compared to regions that did not). The identification strategy
relies on the use of an instrument for infrastructure to obtain an unbiased estimate of β.
I modify the empirical strategy presented above as follows:

∆lnYi,t = βHi,t−1 + η∆PredHi + γHi,t−1 × ∆PredHi + δt + ui,t

(26)

where Hi,t−1 is the kilometers of highway built in district i and year t-1 (in logs), ∆Pred
Hi = Highway kmP OST −Highway kmP RE , the model-based predicted change in highways
and δt are time fixed effects.34
The first specification I run is the linear least squares linear regression in equation 26.
However, highway construction did react to the Division shock. To deal with this endogeneity, I also run a two state least squares regression using the 1934 highway plan as an
instrument for highway construction. The results about the persistence from the previous
paragraphs prove the relevance of the instrument. The exclusion restriction holds because
this Highway plan was designed before the World War II and the Division of Germany, so it
34
I use the highway kilometers built in the previous decade, t − 1, because the reallocation of economic
activity can take time to materialize.
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is very implausible to believe that the design of the plan was targeting some post-Division
district-specific outcomes. Therefore, I run the following two-stage least squares specification

\
\
∆lnYi,t = β ln(H
i,t−1 ) + η∆PredHi + γln(Hi,t−1 ) × ∆PredHi + δt + ui,t

(27)

I have two endogenous regressors, ln(Hi,t−1 ), the log of highway kilometers, and the interaction term, ln(Hi,t−1 )×∆ Pred Hi . Therefore I use two exogenous instruments, ln(P lan)i
and ln(P lan)i × ∆ Pred Hi . The first stage regressions are
ln(Hi,t−1 ) = γo + γ1 ln(P lan)i + γ2 ∆P redHi + γ3 ln(P lan)i × ∆P redHi + δt + νi,t

(28)

ln(Hi,t−1 )×∆Pred Hi = πo + π1 ln(P lan)i + π2 ∆P redHi + π3 ln(P lan)i × ∆P redHi + ρt + i,t
(29)
I run this regression for three time periods: the decades of 1960-1950, 1970-1960 and 19801970. I stop at 1980 so that expectations about reunification don’t affect my results.

6.3

Results

Table A.8 reports the outcomes of the first stage regressions. We see that both instruments
are very relevant and they pass the weak-identification tests with ease. Table A.9 reports the
results from the OLS regression and from the second stage instrumental variable regression.
The OLS and the IV regression display similar coefficients on the effect of lagged-highways
on current population growth. The coefficient of the IV is slightly lower showing that the
correlation between highway investments and population growth is positive: the government
was allocating more highways to districts growing faster.
The effect of highways on population is positive and significant in both specifications.
The coefficient on ln(Ht−1 ) is the average effect of highway kilometers on population growth
over the next decade. This average is the effect when the highway was not affected by
the Division shock, so the predictions of the model did not change (∆ Pred Hi =0). In
terms of magnitude an increase of 10% in highway length causes an increase in population
growth of 8.6%-9.2% over the following decade (average population growth is 5.5%). Our
main coefficient of interest is the interaction between the past highway level in a district and
the similarity of that highway with the model prediction (measured by ∆ Pred Hi ). This
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coefficient is also positive and significant showing that the effect of highways on population
growth is increasing the closer is the highway investment to the model’s prediction.
These results show that highways, even sub-optimal ones, can have positive growth effects. However, economically-driven highways bring about higher economic growth, as measured by population growth in this estimation. In particular, in a district that receives a
“politically-driven” highways (highways in the 25th percentile of similarity with the model)
an increase of 10% in the highway stock increases in population growth by 8.6% over the
next decade (average is 5%). Yet, if the district gets access to an “economically-driven”
highway (highway in the 75th percentile of similarity with the model) increases population
growth in that district by 12% for each additional 10% increase in highway. This represents
an increase of 46% over the effects of “politically-driven” highways (12% compared to a 8.6%
increase in population growth for a 10% highway increase). Figure 15 presents these results
in a graphical way. It plots the change in log population to the lagged level of highway kilometres for districts with a change in Pred. Highway in the 25th percentile, politically-driven
highways, and in the 75th percentile, economically-driven highways. As we can see the effect
of getting an increase in highway stock is larger (steeper slope) for the districts that received
highways chosen as a response to economic fundamentals.
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Robustness checks

To test the robustness of these results I perform two checks. First, I test whether the results
survive when we drop the districts next to the inner German border. Table A.10 reports the
estimation from dropping the districts located within 25 km from the inner border and 50 km
from the inner border. The causal effects of highways on population growth are not longer
significant (IV estimates, column 3 and 4) as the standard errors are larger than before,
while the point estimate is similar to our previous estimates. But the interaction remains
significant and larger in magnitude (β=0.0005-0.0006). This shows that the heterogeneity
in highway effects is not driven by the politically-driven highways being allocated to the
districts near the border that grew more slowly.

Second, I test whether the results are driven by cities or densely populated districts. This
does not seem to be the case, according to tables A.11 and table A.12. Table A.11 displays
the estimation results after dropping the largest cities (districts in the 75th percentile of the
population distribution) and dropping both the largest and the smallest districts (districts
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in the 25th or 75th percentiles of the distribution). In all the specifications the interaction
between highway stock and the economic-interest of the highway (as captured by ∆ Pred
H) is positive and significant at least at 5%. These results show that the effects seem to be
driven by intermediate and rural districts rather than by the large cities. Indeed, when I
run the same regression only on the smallest districts and the larges districts, table A.12,
the interaction is no longer significant. For small districts an increase in highway kilometres
has a strong positive effect, whether the highway is chosen for political or economic reasons.
For the largest districts, on the contrary, additional highway investments seem to have no
effects on population growth.
These robustness checks confirm the results found in the main specification. In terms of
the mechanisms, it seems that districts that were neither too big nor too small grew faster
when they could benefit from access to an "economically-driven" highway.

6.4

Discussion: Impact of Infrastructure on Trade

I use the calibrated model to study how important is infrastructure reshaping for economic
outcomes. The goal is to quantify how much of the change in aggregate trade flows can
be explained by the new infrastructure construction. To do this, I let the calibrated model
predict the change in trade flows due to highway construction during the Division. I compute trade flows between west German states given the highway network in 1950 and then
recompute the trade flows again for the highway network of 1989. The only other parameter
that I change is the total population level. Figure 16 plots the change in trade flows over
the predicted change in trade flows in the model. The data comes from road shipments of
goods in tons across the ten West German states. The change is computed as the growth
of trade flows between 1966 and 1989. I find that the change in trade flows across German
states predicted by the model explains almost 20% of the change in trade flows in the data
(correlation between predicted change and actual change is 0.43). On the contrary, attempting to explain the change in trade due to a change in the underlying productivities explains
less than 5% of this variation.

49

BadenW-SchleswigH

300

RheinP-SchleswigH

Bayern-SchleswigH

Hessen-SchleswigH

SchleswigH-BadenW
SchleswigH-RheinP

200

Nieder-SchleswigH
Nieder-Bayern
Hessen-Nieder
Bayern-Nieder
RheinP-Nieder
SchleswigH-Nieder
BadenW-Nieder
SchleswigH-Hessen
RheinP-RheinP Nieder-BadenW
NordR-SchleswigH
SchleswigH-Bayern
Nieder-RheinP
Bayern-BadenW Bayern-RheinP
Bayern-Hessen
Nieder-NiederHamburg-RheinP
RheinP-BadenW
Bayern-Bayern
NordR-Bayern
BadenW-RheinP
Hessen-BadenW
Hessen-Hessen
SchleswigH-Hamburg
Hessen-RheinP
BadenW-Bayern
BadenW-BadenW
Bayern-NordR
RheinP-Bayern
NordR-Nieder
SchleswigH-NordR
Hessen-NordR
Nieder-NordR
NordR-BadenW
NordR-Hessen
NordR-RheinP
Bayern-Hamburg BadenW-NordR
BadenW-Hessen
BadenW-Hamburg
RheinP-NordR
RheinP-Hessen
Nieder-Hessen
SchleswigH-SchleswigH
Hamburg-SchleswigH
NordR-NordR Hamburg-BadenW
Hamburg-Bayern
Hessen-Hamburg
Nieder-Hamburg
Hamburg-Hessen
Hamburg-Nieder
NordR-Hamburg
Hamburg-NordR
Hamburg-Hamburg
RheinP-Hamburg

100

Hessen-Bayern

0

ΔTrade Flows in % (data)

400

Figure 16: Trade flows and new infrastructure
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Figure A.1: Goods traffic by transport mode
Note: Values are for West Germany, collected by author from Statistical Yearbook of
the Bundesrepublic, multple years. Values for missing years are interpolated.
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Figure A.2: Construction and Planning of the Highway Network
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Table A.1: Effects of the Division Shock on Highway construction
Highway km

Highway km

∆ Highway km

∆ Highway km

Dist to Berlin × Post

0.0183*
(0.0106)

0.0183***
(0.0050)

Post

-9.6935
(6.4025)

-9.6935***
(2.7628)

distBER_part== 0.0000

-4.8638**
(2.3337)

-2.3733
(3.3291)

distBER_part== 1.0000

-5.4233
(3.6275)

-4.0896
(4.7262)

distBER_part== 2.0000

-8.0620**
(3.7868)

-7.0182*
(3.9402)

distBER_part== 3.0000

-6.7049**
(2.9983)

-5.4559*
(3.2280)

distBER_part== 4.0000

-3.7365
(4.5193)

-3.2920
(5.0583)

Distance to Berlin (km)

Constant

-0.0367***
(0.0076)

32.8381***
(4.6689)

2.8123
(2.8615)

1.4775*
(0.8896)

1.8036
(2.8824)

District FE

No

Yes

No

No

State FE

No

No

No

Yes

622
0.054

622
0.846

311
0.036

308
0.075

Observations
R2
Mean Highway km
SD Highway km

13
17
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Table A.2: Effects of the Division Shock on Highway construction
Highway km

Highway km

∆ Highway km

∆ Highway km

Change in MA × Post

0.1191
(0.0753)

0.1191***
(0.0324)

Post

6.8548*
(4.0660)

6.8548***
(2.0671)

Change in MA

-0.1480**
(0.0576)

-5.0291***
(0.5590)

MA_KM_part== 0.0000

-8.5720***
(2.3543)

-8.8338***
(3.0640)

MA_KM_part== 1.0000

-7.1231***
(2.4808)

-7.2137**
(3.0552)

MA_KM_part== 2.0000

-7.8872***
(2.6828)

-8.3321***
(3.1884)

MA_KM_part== 3.0000

-6.2638**
(3.1703)

-8.1919**
(3.5490)

MA_KM_part== 4.0000

-5.6160**
(2.6283)

-6.6428**
(3.2475)

MA_KM_part== 5.0000

-2.9494
(2.9979)

-4.0187
(3.0794)

Constant

4.8402
(3.0539)

-215.3423***
(26.7254)

3.8787***
(1.1298)

2.5647
(2.6644)

District FE

No

Yes

No

No

State FE

No

No

No

Yes

Observations
R2

622
0.015

622
0.845

311
0.063

308
0.099

Mean Highway km
SD Highway km
Mean Change in MA
SD Change in MA
Min Change in MA
Max Change in MA

13
17
-57
139
-35
-138
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Table A.3: Effects of the Division Shock over time
(1)
1950 × dist to Border

-0.0218***
(0.0041)

1960 × dist to Border

0.0341***
(0.0101)

1970 × dist to Border

0.0333***
(0.0100)

1980 × dist to Border

0.0493***
(0.0118)

1989 × dist to Border

0.0582***
(0.0129)

2004 × dist to Border

0.0546***
(0.0141)

2015 × dist to Border

0.0464***
(0.0150)

(2)

1950 × dist to Berlin

-0.0082***
(0.0014)

1960 × dist to Berlin

0.0196***
(0.0059)

1970 × dist to Berlin

0.0142**
(0.0057)

1980 × dist to Berlin

0.0213***
(0.0064)

1989 × dist to Berlin

0.0258***
(0.0068)

2004 × dist to Berlin

0.0219***
(0.0073)

2015 × dist to Berlin

0.0173**
(0.0077)

(3)

1950 × ∆ Market Access

0.0950***
(0.0152)

1960 × ∆ Market Access

0.0655*
(0.0337)

1970 × ∆ Market Access

0.1127***
(0.0344)

1980 × ∆ Market Access

0.2021***
(0.0405)

1989 × ∆ Market Access

0.2478***
(0.0414)

2004 × ∆ Market Access

0.1971***
(0.0514)

2015 × ∆ Market Access

0.1536***
(0.0531)

Year FE
Observations
R2
Mean Highway km
SD Highway km

Yes

Yes

Yes

2268
0.331

2177
0.323

2177
0.333

6.5
21
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Table A.4: Robustness check: Dropping districts near Border
>50 km from Border
Highway km

> 70 km from Border
Highway km

0.0491***
(0.0180)

0.0480**
(0.0213)

Post

3.4752
(3.1073)

3.6862
(3.8438)

Constant

-1.2404
(1.4591)

-1.2454
(1.4958)

Yes

Yes

590
0.838

571
0.840

Dist to Border × Post

District FE
Observations
R2
Mean Highway km
SD Highway km

13
17

Table A.5: Robustness check: Instrument for border
Highway km

Highway km

Dist to Border(IV) × Post

0.0371*
(0.0193)

0.0371***
(0.0112)

Post

4.2226
(4.0161)

4.2226**
(2.0077)

Disto to Border (IV)

-0.0503***
(0.0119)

Constant

21.4892***
(2.5797)

-0.7673
(0.9520)

No

Yes

648
0.085

648
0.826

District FE
Observations
R2
Mean Highway km
SD Highway km

13
17
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Figure A.3: Initial transport cost: Computation

Notes: Each link represents a part of the network and has a weight associated that
represents the transport costs of transiting the link, computed as described in the
main text. The difference in the quality of links, autobahn, federal highway and local
roads, is the speed of transit. Each district has several vertices and the bilateral
distance matrix is computed between the most central vertices in each district.
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Figure A.4: Density of Highway share (as % of kilometres per district)
Change in Highway share is computed as the difference of the share of highway kilometres built in a district by 1974 minus the share of highway kilometres that were
planned in a district in 1934 (in the 1934 highway plan). The share is computed as
the kilometres of highway in one district over the total kilometres built in all of West
Germany.
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Figure A.5: Density of Change in Highway share ( % of kilometres per district)
Change in Highway share is computed as the difference of the share of highway kilometres built in a district by 1974 minus the share of highway kilometres that were
planned in a district in 1934 (in the 1934 highway plan). The share is computed as
the kilometres of highway in one district over the total kilometres built in all of West
Germany.
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Table A.6: Effects of the Division Shock on Infrastructure (SIMULATION)
Constrained model (Before Division=Plan)

Full model (Before Division=Model)

Highway km

Highway km

Highway km

Highway km

Dist to Berlin × Post

0.0088
(0.0085)

0.0088
(0.0090)

0.0277***
(0.0096)

0.0277***
(0.0098)

Post

-4.1259
(5.1864)

-4.1259
(5.5798)

-11.6051**
(5.9100)

-11.6051**
(5.9116)

Distance to Berlin (km)

∆ Highway km

-0.0367***
(0.0076)

∆ Highway km

-0.0556***
(0.0088)

distBER_part== 0.0000

-30.5088***
(8.4021)

-11.4225***
(3.0723)

distBER_part== 1.0000

4.7551
(8.7977)

11.3274
(12.3943)

distBER_part== 2.0000

-5.2225
(6.6582)

-4.9476
(7.0211)

distBER_part== 3.0000

-9.6266
(7.0102)

-14.8594**
(6.7516)

distBER_part== 4.0000

1.3516
(2.6374)

-7.2967
(6.0988)

Constant
District FE
Observations
R2
Mean Dep. Var
St. Deviation Dep. Var

32.8381***
(4.6582)

25.0085***
(4.4045)

5.0609***
(0.8140)

40.3173***
(5.4523)

22.1295***
(2.4744)

1.8654
(1.4993)

No

Yes

No

No

Yes

No

2177
0.036

2177
0.830

311
0.139

2177
0.048

2177
0.912

311
0.041

13
17

Notes: Robust HAC standard errors, are in parentheses.* significant at 10%, ** significant at 5%, *** significant at 1%.
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Table A.7: Effects of the Division Shock on Infrastructure (SIMULATION)
Constrained model (Before Division=Plan)
Highway km
Change in MA × Post
Post

-5.6091*
(3.3078)

Highway km

∆ Highway km

Full model (Before Division=Model)
Highway km

Highway km

0.1764***
(0.0502)

0.0283
(0.0186)

0.3359***
(0.0748)

10.6210***
(2.8280)

4.7718***
(1.5636)

22.3478***
(3.7479)

∆ Highway km

Change in MA
Dist to Border × Post

0.0452***
(0.0173)

Dist to Border

-0.0516***
(0.0115)

MA_KM_part_dum1

-24.5360***
(5.9452)

-11.9734***
(3.7871)

MA_KM_part_dum2

-7.7979
(5.3739)

-7.5697
(6.4851)

MA_KM_part_dum3

-0.3229
(3.3945)

-1.3987
(7.1300)

MA_KM_part_dum4

-1.2919
(1.9049)

-1.3109
(5.4508)

MA_KM_part_dum5

0.7917
(2.5005)

2.4479
(5.2577)

MA_KM_part_dum6

-0.7722
(2.0112)

0.5511
(4.4095)

Constant
District FE
Observations
R2
Mean Dep. Var
St. Deviation Dep. Var

20.3477***
(2.2404)

23.7755***
(4.2124)

6.5341***
(0.8684)

10.6893***
(1.1019)

20.8400***
(2.2623)

2.4613*
(1.4108)

No

Yes

No

No

Yes

No

635
0.022

2177
0.833

311
0.157

2177
0.003

2177
0.920

311
0.027

13
17

Notes: Robust HAC standard errors, are in parentheses.* significant at 10%, ** significant at 5%, *** significant at 1%.
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Figure A.6: Highway response to the Division shock: Data vs Model
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∆ Highway km (1980-Plan) is the difference between the highway kilometres built
in a district by 1980 minus the kilometres planned in 1934. ∆ Highway km (PostPlan) is the difference between the highway kilometres that should have been built
after Division according to the model (calibrated for Post-Division) minus the kilometres planned in 1934. The continuous line plots a simple linear fit with the
confidence intervals of the following specification: ∆ Highway km80,P lan =α + β
∆ Highway kmP OST,P lan . The R-square is 35.7% and β = 0.346∗∗∗∗ .The dotted line
is the 45 degree line.
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Table A.8: Effects of economic Highways: First stage
ln(H)t−1

Ln(H)t−1 *∆P redH

(1)

(2)

0.011*
(0.006)

0.709***
(0.221)

0.513***
(0.043)

-1.097**
(0.444)

Ln(Plan)×(P red∆ Highwayi )

-0.001
(0.002)

0.764***
(0.070)

Constant

0.134**
(0.067)

-0.965
(1.045)

Year FE

Yes

Yes

Observations
R2

932
0.357

932
0.869

F-stat

146.95

254.74

Instrumented endogenous variable:

(Pred ∆ Highwayi )
Ln(Plan)

Notes: Standard errors, clustered by district level, are in parentheses.* significant at
10%, ** significant at 5%, *** significant at 1%.

Table A.9: Effects of economic Highways: Second stage
DV:∆ Ln(Population)t

OLS

IV: Highway instr.

(1)

(2)

Ln(Highway)t−1

0.0092***
(0.0025)

0.0086*
(0.0049)

Ln(Highway)t−1 ×(∆ P red.Highwayi )

0.0003**
(0.0002)

0.0004**
(0.0002)

∆ P red.Highwayi

0.0002
(0.0005)

0.0000
(0.0006)

Constant

0.0533***
(0.0091)

0.0541***
(0.0100)

Year FE

Yes

Yes

932
0.124
0.055
0
10

932
0.123

Observations
R2
Mean Dep. Var
25th percentile of Predicted ∆ Highway
75th percentile of Predicted ∆ Highway

Notes: Standard errors, clustered by district level, are in parentheses.* significant at 10%,
** significant at 5%, *** significant at 1%.
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Table A.10: Effects of economic Highways: Dropping near border
DV:∆ Ln(Population)t

OLS

IV: Highway instr.

> 25km
(1)

> 50km
(2)

> 25km
(3)

> 50km
(4)

Ln(Highway_t − 1

0.0087***
(0.0027)

0.0111***
(0.0029)

0.0063
(0.0053)

0.0097
(0.0061)

Ln(Highway)×(P redicted∆ Highway)

0.0004**
(0.0002)

0.0004**
(0.0002)

0.0005**
(0.0002)

0.0006**
(0.0003)

(Predicted ∆ Highway)

-0.0003
(0.0005)

-0.0004
(0.0005)

-0.0004
(0.0006)

-0.0007
(0.0006)

Constant

0.0688***
(0.0092)

0.0785***
(0.0096)

0.0713***
(0.0099)

0.0799***
(0.0102)

Year FE

Yes

Yes

Yes

Yes

836
0.122
0.055
0
10

758
0.139

836
0.121

758
0.137

Observations
R2
Mean Dep. Var
25th percentile of Predicted ∆ Highway
75th percentile of Predicted ∆ Highway

Notes: Standard errors, clustered by district level, are in parentheses.* significant at 10%, ** significant at
5%, *** significant at 1%.

Table A.11: Effects of economic Highways: Dropping Cities
DV:∆ Ln(Population)t

OLS

IV: Highway instr.

< 75th
(1)

(25th, 75th)
(2)

< 75th
(3)

(25th, 75th)
(4)

Ln(Highway_t − 1)

0.0124***
(0.0030)

0.0114***
(0.0035)

0.0098*
(0.0059)

0.0065
(0.0071)

Ln(Highway)×(P redicted∆ Highway)

0.0005**
(0.0002)

0.0005***
(0.0002)

0.0005**
(0.0003)

0.0006***
(0.0002)

(Predicted ∆ Highway)

0.0000
(0.0006)

-0.0002
(0.0005)

-0.0000
(0.0007)

-0.0005
(0.0005)

Constant

0.0400***
(0.0101)

0.0254**
(0.0119)

0.0424***
(0.0112)

0.0307**
(0.0135)

Year FE

Yes

Yes

Yes

Yes

687
0.142
0.055
0
10

468
0.175

687
0.141

468
0.169

Observations
R2
Mean Dep. Var
25th percentile of Predicted ∆ Highway
75th percentile of Predicted ∆ Highway

Notes: Standard errors, clustered by district level, are in parentheses.* significant at 10%, ** significant at 5%,
*** significant at 1%.

66

Table A.12: Effects of economic Highways: Cities and small towns
DV:∆ Ln(Population)t

OLS

IV: Highway instr.

< 25th
(1)

> 75th
(2)

< 25th
(3)

> 75th
(4)

0.0200***
(0.0057)

0.0074
(0.0068)

0.0362***
(0.0132)

0.0210
(0.0184)

Ln(Highway)×(P redicted∆ Highway)

-0.0005
(0.0009)

0.0003
(0.0002)

-0.0029
(0.0020)

-0.0001
(0.0006)

(Predicted ∆ Highway)

0.0035
(0.0023)

0.0003
(0.0005)

0.0079*
(0.0046)

0.0009
(0.0008)

Constant

0.0658***
(0.0194)

0.0854***
(0.0219)

0.0513**
(0.0214)

0.0683**
(0.0282)

Year FE

Yes

Yes

Yes

Yes

219
0.148
0.055
0
10

245
0.170

219
0.092

245
0.157

Ln(Highway_t − 1

Observations
R2
Mean Dep. Var
25th percentile of Predicted ∆ Highway
75th percentile of Predicted ∆ Highway

Notes: Standard errors, clustered by district level, are in parentheses.* significant at 10%, ** significant at
5%, *** significant at 1%.
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