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ABSTRACT

I study the effects of Ethiopia’s 1996-2014 road expansion program on agricultural productivity and
structural change. I combine a quantitative spatial framework of structural change with a novel
district-level panel data set on agricultural production and transport costs. I estimate transport
costs between districts and domestic crop markets accounting for the road network, and the topog-
raphy of the terrain. The model features multiple rural locations, where delivering crops to market,
as well as accessing intermediate inputs is subject to location-good-specific transport costs and local
land frictions. The spatial heterogeneity of transport costs affects the distribution of production
and mobile inputs across locations and sectors, and the allocation of land across crops within loca-
tions. I calibrate the model to the 1996 spatial agricultural production structure of Ethiopia, and
then change transport costs alone to their 2014 levels. The model implies a decrease in the share
of labor in agriculture by 5.5 percentage points and an increase in the aggregate real yield of 14.7
percent, about 1/10 of the overall yield gain in the data over 1996-2014. The model also delivers a
U-shaped pattern of yield gains across districts with respect to transport cost changes, similar to
the one observed in the data. This pattern across districts is attributed to the extent of alignment
of districts’ changes in absolute and comparative advantage implied by the transport cost changes.

JEL classification: O11, 013, O18, 040, 055, Q10, R12.
Keywords: productivity, agriculture, spatial allocation, structural change, distortions, transporta-
tion costs, road infrastructure.
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1 Introduction

The process of development is accompanied by a process of structural change, whereby economic
activity shifts from agriculture to the rest of the economy. Agricultural productivity plays a key
role in this transition, particularly for countries at early stages of economic development.! A
key challenge is understanding what the fundamental drivers of structural change and agricultural

productivity are, and quantifying them.

This paper focuses on transportation infrastructure as a driver of structural change. A char-
acteristic of low income countries is that they have poor transport infrastructure and high internal
transportation costs,? which operate as a major impediment for farmers in accessing both domestic
and international markets. Further, the spatial heterogeneity of transportation costs within devel-
oping countries can have implications for what crops are produced, where they are produced and

with what inputs, all of which can impact agricultural productivity and induce structural change.

I quantify the aggregate and local structural change and productivity effects of a major trans-
port infrastructure intervention that altered the spatial distribution of transport costs. In particular,
I study Ethiopia’s comprehensive road expansion program over 1997-2014, which resulted in a major
overhaul of the country’s network in terms of both volume and quality. To quantify the gains from
improved market access on agricultural productivity I combine a novel district-level panel data set
with a spatial model of agricultural production and structural change. I assemble the district-level
panel over 1996-2014 by overlaying agricultural production data with geo-coded transport costs be-
tween agricultural production sites and crop markets. The spatial model of agricultural productivity
features local land frictions and location-good-specific transport costs, which affect the distribution
of production across locations, crop choice, the allocation of labor across locations and sectors, and

intermediate input use. I find that the change in the distribution of actual transport costs leads to

IThere is a large literature that emphasizes the importance of agriculture for development and cross-country
income differences, e.g. Schultz (1953), Gollin et al. (2002), Restuccia et al. (2008), Caselli (2005)
2See for example Adamopoulos (2011).



structural change, with the share of employment in agriculture dropping 5.5 percentage points and
the aggregate real yield increasing by 14.7 percent, about 1/10 of the actual yield gain over 1996-
2014. In addition, there is a restructuring of the agricultural sector, with a shift in the composition
of crops produced towards cash crops, and an increase in average farm size. Similar to the data, I
find that local yield gains exhibit a U-shaped pattern with respect to changes in transport costs.
[ attribute this pattern to the (mis-)alignment of changes in absolute and comparative advantages

implied by the transport cost changes, and the associated specialization of districts.

In the late 1990s Ethiopia was a low income country, with its economy heavily skewed towards
agriculture, and low agricultural productivity. At the same time, Ethiopia had very low road
network density, and high domestic transport costs.® These characteristics were shared by many
other developing countries, particularly in Sub-Saharan Africa. Once Ethiopia embarked on its road
expansion program in 1997, the density and quality of its road network saw major improvements and
its agricultural productivity surged. This paper measures the contribution of road improvements to

the surge in Ethiopia’s productivity over 1996-2014, using micro-level data and a structural model.

The micro-level data allow me to construct a district-level panel over 1996-2014, consisting of
an agricultural production component and a geographic component. The agricultural production
component of the panel draws from repeated waves of household-level data from the Ethiopian
Agricultural Sample Surveys, on the type and quantity of crops produced, land allocations by crop,
as well as input use. For the geographic component, I estimate travel times between district centers
and crop markets, using detailed GIS information on the road infrastructure network at each point
in time and high resolution data on the topography of the terrain that has to be travelled to reach
the relevant market. I find that in 1996 transport costs are on average very high and exhibit
substantial spatial heterogeneity within Ethiopia. By 2014 there has been a considerable drop in

the level - 36 percent on average - and the dispersion of transport costs.

I first use the panel data to provide empirical motivation for the effect of improvements in

3Based on data from Adamopoulos (2011), and World Development Indicators, World Bank.



market access. I employ a two-way fixed effects difference-in-differences design that leverages the
staggered roll-out of the road development program and the heterogeneous exposure to road devel-
opment across districts in Ethiopia. The specification includes district and year fixed effects. The
identification strategy compares two districts that are identical in time invariant characteristics,
but differ in the amount and timing of additional market access. I find evidence that districts
with improved access to grain markets experienced significant increases in productivity, with higher
grain yields, more fertilizer use and increased specialization in grains. The baseline difference-in-
differences estimate is that a 1 percentage point increase in market access resulted in a 0.1 percentage

point increase in the average yield over all grains.

Motivated by the empirical evidence on the relative local effects of improved market access,
I develop a spatial equilibrium model of structural change to quantify, from a macroeconomic
perspective, the aggregate-level general equilibrium impact of the road development program. I
build into the model empirically relevant channels at the district-level, such as intermediate input
use and crop choice, as well as the economy-wide mechanisms of the reallocation of agricultural
production across space according to comparative advantage, and the reallocation of labor across
sectors. The model allows me to assess not only the broader overall effects of changes in the
actual entire distribution of transport costs across districts in Ethiopia but also to run additional

counterfactual experiments, and quantify the role of the different model mechanisms.

In particular, I develop an equilibrium model of structural change featuring an urban center and
multiple rural agricultural production locations. Each rural location can produce a food crop for
domestic consumption, or a cash crop for the export market. Consumers in the urban location have
non-homothetic preferences over the consumption of food, and non-agricultural goods produced in
the urban center. Shipments of crops to the urban center for consumption or export are subject to
domestic crop-location-specific transportation costs. Transport costs also raise the cost of disbursing
imported intermediate inputs from the urban center to the multiple rural locations. The food

farming technology also requires labor. The model features frictions to the allocation of land across



crops, within locations. Changes in the distribution of good- and location-specific transportation
costs alone reallocate food production across locations, alter the allocation of land across crops
within locations, as well as the distribution of intermediate input use and labor across locations,

inducing structural change and productivity effects at the aggregate and local level.

To isolate the effects of transport cost changes over 1996-2014 on productivity, my quantitative
approach involves three steps. First, I calibrate the spatial production structure of the model to
aggregate and district-level data for the Ethiopian economy for 1996, before the road program
began. The district-specific land distortions are identified from the observed allocation of land
across crops within districts. To assess the appropriateness of the calibrated model, I show that its
predictions in terms of relative food yield gains, once perturbed with the change in food transport
costs alone, are in line — in sign and magnitude — with the empirically estimated ones from the data,
using the same difference-in-differences specification. Next, keeping all else equal, I feed into the
model exogenously the entire distribution of the observed changes in transportation costs across
goods and locations, implied by my data on the actual changes in the volume and quality of the
road network in Ethiopia as of 2014. I then compare the equilibrium changes implied by the model
with all transport cost changes to the actual level changes in the data over the period 1996-2014,
in terms of both aggregate metrics and spatial distributional patterns across districts. I note, that
a location in the model directly maps into a district in the data. As a result, I do not have to rely

on parametric distributions for transportation costs or productivities.

The model implies substantial structural change, with a drop in the employment share in
agriculture by 5.5 percentage points and an increase in the aggregate yield by 14.7 percent. This
number is 20 percent higher if the direct resource savings from lower transport costs are taken
into account. To appreciate the magnitude of these gains, I note that they account for about 10
percent of the overall yield gain experienced by Ethiopia over the period 1996-2014. These changes
result in a substantial increase in agricultural value added per worker, by 23.4 percent. In terms

of the mechanism, as transport costs fall overall, food production is increasingly undertaken by



relatively more productive rural districts with a corresponding reallocation of labor across space.
Given that the demand for food is inelastic, this allows for an overall shift of land to cash crops
and an overall shift of labor towards non-agriculture, with an associated increase in average farm
size. These changes encapsulate the structural transformation of the economy induced by the
transport cost changes, and given the size of the agricultural sector imply substantial gains in
aggregate income, with real GDP per capita increasing 22 percent. Quantitatively, the two key
mechanisms of the reallocation of production across space/crops and the reallocation of labor across
space/sectors, contribute roughly equally to the magnitude of the agricultural productivity effects,

with the intermediate input use channel playing a smaller role.

In terms of local outcomes, I find that the distribution of the gains is uneven across districts.
The model delivers a U-shaped pattern of district-level yield gains with respect to food transport
cost changes across districts, a relationship that is also present in the data. In the model, among
districts that are completely specialized in food crops, the biggest gains are experienced by those
that observe the largest drops in their transport costs. For these districts changes in the level of their
food transport costs and their relative food-to-cash transport costs are strongly aligned. Among
districts that produce both crops (incompletely specialized) the largest gains are experienced by
those with the smallest change in the level of their food transport costs. For these districts, while the

level of their food transport costs falls, their relative food-to-cash transport costs tend to increase.

Structural change, the shift from agriculture to manufacturing and services, is a ubiquitous
feature of the process of development (Herrendorf et al., 2014). There is a large literature in growth
and development that studies mechanisms generating a structural transformation of the economy,
e.g., Kongsamut et al. (2001), Ngai and Pissarides (2007), Acemoglu and Guerrieri (2008), Boppart
(2014), Comin et al. (2021). However, this literature does not specifically focus on the role of
transport infrastructure, as I do here. A related literature shows that agriculture plays a key role in

understanding productivity disparities across countries, Gollin et al. (2002), Restuccia et al. (2008),



Caselli (2005).*

A recent literature in macroeconomics shows that internal transport costs matter at the ag-
gregate level for development and the sectoral composition of the economy: Adamopoulos (2011),
Herrendorf et al. (2012), Gollin and Rogerson (2014). This paper contributes to this literature by
overlaying micro-data on farm production and detailed geo-coded market access data, to evaluate

the impact of a particular road expansion program.

This paper relates to a large literature studying the economic impacts of transport infrastructure
investments, in the form of roads, highways or railroads. One strand of the literature uses general
equilibrium trade or economic geography models to measure the effects of transport infrastructure
projects, e.g., Donaldson (2018), Donaldson and Hornbeck (2016), Allen and Arkolakis (2014),
Alder (2023), Asturias et al. (2019), Jaworski et al. (2023) among others. A more recent literature
studies the welfare impact of changes in the transportation network in a general equilibrium setting,
Allen and Arkolakis (2022), Fajgelbaum and Schaal (2020), Felbermayr and Tarasov (2022). None
of these papers however focus on agriculture or structural change per se. A related empirical
literature estimates local effects of transport infrastructure expansion, e.g., Banerjee et al. (2012),
Faber (2014), Baum-Snow et al. (2017), Storeygard (2016), and most closely related to this paper in
context Shamdasani (2021) and Asher and Novosad (2020), who find respectively that rural roads
in India improve agricultural technologies and lead to a reallocation of workers out of agriculture. A
key characteristic of this empirical literature is the use of credible identification strategies to address
the potential endogeneity of the placement of the relevant transport infrastructure, and estimate its

causal effects. I also estimate empirically the effects of new roads, but also examine their aggregate

4The importance of agriculture for development has been emphasized in the earlier development literature, e.g.
Schultz (1953). Developing countries are much more unproductive in agriculture than in non-agriculture when
compared to developed countries, and in addition employ most of their labor in agriculture. An important challenge
for policy and academic research alike is to understand why agricultural productivity is so low in developing countries.
There are several recent contributions in the macro-development literature that study this question, among many
others Lagakos and Waugh (2013), Adamopoulos and Restuccia (2014), Gollin et al. (2014), Tombe (2015), Donovan
(2021), Adamopoulos and Restuccia (2022). This paper contributes to this literature by studying a distinct factor,
the importance of farm connectivity to markets.



impact using a structural model.

A recent micro-to-macro development literature uses general equilibrium structural models to
study the macroeconomic effects of well-identified micro-level interventions, e.g., Fried and Lagakos
(2022), Lagakos et al. (2023), Buera et al. (2021), and notably for this paper Brooks and Donovan
(2020), who study the role of new footbridges in integrating rural communities to labor markets in
Nicaragua. I study the relative local effects and the aggregate macroeconomic impact of a large-scale

economy-wide road development program.

This paper is most closely related to two notable papers, Costinot and Donaldson (2016) and
Sotelo (2020), who also employ multi-region spatial frameworks that link domestic trade frictions
with agricultural productivity, and welfare, when factors are allocated on the basis of comparative
advantage. In addition, Sotelo (2020) examines the effects of counterfactual changes in the infras-
tructure policy in Peru. The key difference from this literature, is that I quantify the effects of new
roads on the structural transformation out of agriculture. To do this, I depart from the literature
by developing a model of structural change with multiple locations, featuring non-homothetic pref-
erences. This allows me to speak to channels that the macro-development literature has emphasized
such as the reallocation of labor across sectors, average farm size, input intensity, and sectoral pro-
ductivity. In addition, I allow for frictions to the allocation of land in local markets, which have
been shown to be important for low income countries, e.g., Adamopoulos and Restuccia (2014), and

consider an extension with barriers to the mobility of labor across space.

The paper proceeds as follows. Section 2 outlines Ethiopia’s road development program. Section
3 describes the assembly of the panel data set, and estimates empirically the productivity effects
of roads. The spatial framework is developed in Section 4. I calibrate the model to aggregate, and
district-level moments from the Ethiopian data in Section 5. Section 6 reports the aggregate and

distributional effects from the quantitative experiments. I conclude in Section 7.



2 Ethiopia’s Road Development Program

For more than two decades Ethiopia embarked on an extensive road development program, as a
pilar of its growth strategy. Starting in 1997, through the implementation of successive phases
of the Road Sector Development Programme (RSDP) there has been substantial improvement in
the volume and distribution of the road network, as well as the conditions of the existing roads.
The first phase, RSDP I, covered the period 1997-2002, the second, RSDP II, covered 2002-2007,
RSDP III covered 2007-2010, and RSDP IV covered the period 2010-2015. The RSDPs consisted
of constructing new roads and rehabilitating/upgrading existing roads. The road development
program was comprehensive and covered federal, regional, rural and district roads. The first three
phases emphasized primarily federal and regional roads. The more recent Universal Rural Road
Access Program (URRAP) was a major component of the RSDP IV, and emphasized rural and
district roads, aiming to connect all lower administrative units in rural areas to all-weather roads.
While the bulk of the overall financing came from the Ethiopian government, the World Bank was

a major partner, with other governmental and non-governmental donors also contributing.

These efforts had a substantial impact on the extent and quality of the road network in Ethiopia.
The volume of the total network increased almost 3-fold, from 24,970 kilometers in 1997 to 69,951
kilometers in 2014. However, the volume increase in the rural road network has been 4.7-fold (from
9,100 in 1997 to 43,094 kilometers in 2014). The road density (including community roads) over
1997-2016 increased from 24.1 kilometers per 1000 squared kilometers to 102.8 kilometers per 1000
squared kilometers, and from 0.46 kilometers per 1000 people to 1.23 kilometers per 1000 people.
In terms of qualitative indicators, the proportion of asphalt roads in good condition increased from
17 percent in 1997 to 73 percent in 2016. The proportion of rural roads in good condition increased
from 21 percent to 55 percent over the same period (ERA, 2016). This has also had a large impact
on traffic and mobility. The vehicle kilometers of traffic increased from 3.8 million in 1997 to 18.9

million by 2015.



The main federal authority responsible for new construction and rehabilitation projects through-
out all the RSDP phases was the Ethiopian Roads Authority (ERA). Regional authorities usu-
ally proposed potential road projects that were then evaluated against the ERA’s broad criteria-
guidelines. In terms of project selection, there is no single well-defined blueprint that was followed
to determine which projects were undertaken. Key determinants for earmarking road construction
projects were access to large isolated rural populations, improvement of the overall efficiency of the
network, and upgrading high traffic roads, and those in poor condition. While economic considera-
tions were taken into account, according to the ERA criteria, established areas, areas with economic
potential, as well as under-privileged areas were prioritized (ERA, 2016). The particular route of an
earmarked road project was then determined taking into account engineering, topographical, and
environmental considerations as well as costs and budgetary constraints of the ERA (Manual-ERA,
2013). A more detailed description of the broad criteria used for the preliminary selection of road

projects is provided in Appendix A.

3 Data and Empirical Analysis

To assess the effect of Ethiopia’s road infrastructure expansion program I construct a panel of
agricultural production data and effective travel times from agricultural production sites to agri-
cultural markets, estimated from the observed road network over time. In this section, I briefly
describe the data and how I use it to construct the panel. A more detailed description of the
data assembly is provided in Appendix B. Before moving on to the model, I use the panel data to
empirically estimate the effect of the improved travel times on agricultural productivity employing

a difference-in-differences framework.
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3.1 Roads Data

I use administrative GIS data on the universe of roads in Ethiopia, starting in 1996, just before
the program began, until 2014, biennially.® The road network data provide information not only
on the volume but also on the quality of every link in the network, each year. The data come with
information on road class and surface type (e.g., whether a particular road is a highway or a town
road, and if a town road whether dirt, or asphalt etc.), year of construction, as well as year of

upgrading or rehabilitation.

Panel A in Figure 1 shows the road network in 1996, before the comprehensive road expansion
program. Panel B in Figure 1 provides a map of Ethiopia’s entire road network as of 2014, indicating
both the new links in the network (blue) as well as the links of the pre-1996 network that have
been rehabilitated or upgraded by 2014. A casual inspection of the two maps shows a substantial
expansion in the volume and quality of the network over the period 1996-2014, especially with
respect to feeder roads and roads reaching rural dispersed communities. This roads data is the

main ingredient going into the estimation of the geo-coded transportation costs, outlined below.

3.2 Geo-coded Transportation Costs

The goal is to estimate geo-coded transportation costs from agricultural production sites to agricul-
tural markets. The spatial unit of observation is taken to be a district or woreda.® The measure of
transportation costs I use in the analysis is the travel time in minutes between the district centroids
and the nearest destination crop markets. For food crops (cereals), the possible destinations where
output can be disbursed are taken to be Ethiopia’s 33 major wholesale grain markets (obtained

from the Ethiopian Grain Trading Enterprise), which are spread throughout Ethiopia. The food

®The road network data in vector form are obtained from the Ethiopian Roads Authority (ERA) for highways
and regional roads, and the Regional Roads Authorities for regional roads.

SEthiopia is subdivided, in ascending order of disaggregation, into regions, zones, woredas (districts), and kebele
(farmer associations).
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Figure 1: Roads in Ethiopia

Panel A: Before the Program Panel B: After the Program
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Notes: With data from the Ethiopian Road Authority (ERA). In Panel B, the network links in blue represent newly
constructed roads after 1996; the network links in red represent rehabilitation or quality upgrade of pre-1996 network
links.

crop travel time for each district is the travel time to the nearest grain market. For cash crops,
that are primarily destined for exporting via the capital, the destination market for estimating the

domestic travel time is Addis Ababa.

To estimate a panel of travel times from districts to destination crop markets I overlay the
universe of the actual road network data by year described above, with high resolution geographic
data on elevation and land use, along with the GPS coordinates of the district centroids and the
destination crop markets. The layer of geographic data on land use and elevation is used to obtain
as precise geo-coded estimates of travel time as possible by taking into account the topography of
the terrain that has to be travelled to reach the relevant market. Appendix B.1 describes in more

detail how the geographic data are used to estimate the panel of travel times.

Table 1 presents summary statistics for the estimated geo-coded transport costs. There are

two points to note. First, average effective travel times from district centroids to grain markets
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Table 1: Summary Statistics of Estimated Travel Time in Minutes

To Nearest Grain Market To Addis Ababa

1996 2014 1996 2014
Mean travel time in minutes 345.0 220.1 574.5 438.5
Median travel time in minutes 240.7 164.7 550.2 418.9
Fraction of Districts < 4 hours 0.499 0.715 0.114 0.203

Source: Author calculations based on estimated district-level geo-coded transportation cost data. Summary statistics
are reported for the balanced panel of 403 districts for which both agricultural production (AgSS) data and estimated
transport cost data are available. The first two columns report statistics for estimated travel times from the district
centroids to the nearest grain markets. The last two columns report statistics for the estimated travel times from
the district centroids to the capital of Addis Ababa.

dropped from 345 minutes in 1996 to 220 minutes in 2014, a -36 percent change. The travel times
from district centroids to Addis Ababa are higher in level, both in 1996 and 2014, dropping by 24
percent over the period. Second, the dispersion of transport costs across districts dropped, implying
better accessibility to markets for more districts. The share of districts within four hours of a major
grain market increased from 0.50 in 1996 to 0.71 in 2014. The share of districts within four hours

from the capital of Addis Ababa, started from the lower level of 0.11, and increased to 0.20.

3.3 Agricultural Production Data

I use household-level data from the Ethiopian Agricultural Sample Survey (AgSS), over the period
from 1995/96 to 2014/15. T use this data to construct a district-level panel on agricultural produc-
tion, land allocations across crops, and intermediate input use (fertilizer). The district or woreda
is the lowest level of spatial disaggregation for which a reliable panel could be constructed. In
Appendix B.2 T detail how I assemble the district-panel merging the AgSS data over a long number

of years, and harmonizing district codes.

The district-level measure of agricultural productivity I emphasize in the data is the real yield
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or land productivity, measured as real output per hectare.” To construct a real measure of yield
over a basket of crops, I aggregate using as a common set of prices across districts, the average
prices for each crop over the period 2004-07 in Ethiopia (in local currency units), obtained from the

Food and Agricultural Organization (FAOSTAT).

Across the districts in the merged production and travel times panel, the average yield over
all crops across districts increased 4.4-fold, implying an annual average growth rate of 9.7 percent.
Over the same period the yield over grain crops increased 2.5-fold, with an annual average growth
rate of 5.9 percent. While productivity growth has been ubiquitous across virtually all districts the

productivity gains have not been shared equally (see Appendix B.2).

3.4 Difference-in-Differences Estimates

To provide empirical motivation for the model, I first estimate the local effect of improved access
to grain markets on outcomes of interest, employing a two-way fixed effects difference-in-differences
design, with continuous treatment and staggered timing. The treatment is continuous because while
market access improved for all districts by 2014, the extent of the improvement was heterogeneous
across districts and occurred in a non-discrete fashion. The staggered timing allows for variation
in the timing of treatment, given that in practice the road development program was rolled out
gradually, changing market access in different time periods for different districts. I obtain the

difference-in-differences estimates of the road development program using the following specification,

Y = a+ 0 (AAccess; - NewRoady) +n; + o + €i (1)

over years t € {1996, 2004, 2006, 2008, 2010, 2012}, where y;; is the logarithm of the productivity

outcome for district i in year t.8 The variable A Access; is the district-specific absolute overall change

"The AgSS data do not report the amount of labor to compute labor productivity at the district -level.
8The agricultural data corresponding to each year of new roads t, are the pooled data for the two years after the
placement of roads, e.g., for the ‘2004’ new roads, the agricultural data are for the period 2005-2006. The road data

14



in log travel time to the nearest grain market, weighted by the initial specialization in grains. I
measure a district’s initial specialization in grains — the extent of exposure, by its 1996 share of
land in grains production. The market access interaction term AAccess; captures the “dose” of the
treatment across districts, given that the extent of market access improvements and the penetration
of these improvements were non-uniform across districts. Higher A Access; captures more exposure
to additional and/or improved roads. The variable New Road;; is a dummy for whether a district is
exposed to a new road in a particular time period, as captured by the drop in the travel time relative
to the initial period. Once a district ¢ experiences a drop in its travel time in period ¢ this variable
takes the value of 1 thereafter, i.e., once a district becomes treated it stays treated. The coefficient
of interest is d, that captures the average response across districts to being exposed to new and
better roads. It measures the differential change in productivity after the implementation of the
road development program attributable to an additional one percentage point increase in market
access. (; capture time fixed effects, which control for aggregate time-varying factors affecting
outcomes in all districts in Ethiopia in the same way; 7; capture district fixed effects, which control
for both observed and unobserved district characteristics with time invariant effects on outcomes,

allowing to exploit within district variation over time.

The key identifying assumption underlying the difference-in-differences specification in (1) is
that changes in productivity for districts with smaller changes in market access provide a good
counterfactual for the changes in productivity that would have taken place in districts with larger
changes in market access had they been exposed to the same changes in market access. Note that
this requires not only the standard parallel trends assumption in difference-in-differences designs,
but also implicitly that the average treatment effect on the treated would be the same for districts

that were assigned different doses of the treatment had the dose been the same.”

used for the last year are for 2012, for their impact to take effect on the agricultural pooled data by 2014.

9In Appendix C.1 I show that districts that experienced large improvements in market access over 1996-2014 do
not differ systematically from other districts, pre-treatment in 1996, in terms of distance to grain markets or Addis
Ababa, nor in terms of the outcome variables of yield, fertilizer use, and extent of specialization in grains. Further,
I show that the timing of a district’s treatment with new roads is not correlated with the initial distance from grain
markets. The distribution of first time treatment across districts is also not systematically related to the distance
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Table 2 reports the results from the difference-in-differences analysis. Columns (1) to (3) show
the results of improved access to grain markets for districts on different outcome variables (in
logarithmic form): the average yield over all grains in column (1); the number of fields in a district
that use fertilizer in column (2); and, the extent of specialization in grains given by the share of
output they account for, in column (3). The results suggest that improved market access, afforded
through the road development program, had a significant positive effect on the outcomes of districts
exposed to the new roads, with higher yields, more extensive fertilizer use, and more specialization
in grain crops. The coefficient on the interaction term o captures the treatment effect. The results
indicate that an additional 1 percentage point increase in market access (increase in dose of the
treatment) leads on average to a 0.10 percentage point increase in the yield. The effects on fertilizer
use and food crop specialization are somewhat larger in magnitude (0.16 and 0.15 respectively).
The effects on the yield and the extent of specialization are statistically significant at the 5 percent
level, while the effect on fertilizer use at the 10 percent level.!? In Appendix C.2 I show that these
results are robust to a measure of market access that includes only the improvements in travel time,

but does not weigh them by their penetration through initial specialization.

The main empirical challenge in identifying the causal effects of new roads on productivity is
the potential endogenous placement of roads. The assignment of new roads to districts, its timing
as well as its intensity, may not be random, but may depend on the economic prospects of districts

or their political connections with upper level decision making governmental authorities.

In the case of Ethiopia, while economic considerations are taken into account, according to the
broad ERA criteria outlined in Section 2, established areas, areas with economic potential, as well

as under-privileged areas are prioritized. On net, it is not clear whether there is bias in a particular

from Addis Ababa, except perhaps for the fact that the furthest districts get treated a bit later.

10Ag a cautionary note, a recent literature shows that the coefficient on the interaction term in two way fixed
effects research designs with heterogeneous effects across units and over time confound more than the average effect
of the treatment on the treated, and may be biased, e.g. Callaway et al. 2021; De Chaisemartin and d’Haultfoeuille
2022. Overall, however these results do indicate that, while productivity increased everywhere after the construction
of the new roads, the effect was larger in districts that experienced more market access.
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Table 2: Estimated Effects of New Roads on Productivity

Dependent Variable (in logs):
Yield  Fertilizer Use Specialization

(1) (2) (3)

(AAccess - NewRoady)  0.097* 0.160* 0.151*
(2.13) (1.83) (1.98)
Intercept 7.423"* 4.815 -0.011
(45.71) (15.66) (-0.04)
District FE yes yes yes
Year FE yes yes yes
Observations 2299 2274 2299
Adjusted R? 0.93 0.74 0.58

Note: All columns contain estimates from OLS regressions of district log outcomes on the product of treatment
amount (extent of market access) and a time varying dummy for whether the district is treated in a particular
period, including time fixed effects, and district fixed effects in each case. The outcome variable is the average yield
over all grains in column (1), the number of fields in the district that use fertilizer in column (2), and the share of
grains output in total output in column (3). The sample is an balanced panel of districts with six different time
periods, 1996, 2004, 2006, 2008, 2010, 2012. t-statistics are in the parentheses, ***, ** and * represent significance
at the 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.10) level respectively.
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direction. In terms of political factors, even if there are districts with political connections to
regional authorities, eventually which projects get approved and their timing is determined centrally
by the ERA based on strategic considerations and the feasibility of the projects. Further, timing
and number of new roads are beyond the control of districts themselves, lessening concerns about
selection into the treatment of improved roads. In addition, the district fixed effects in specification

(1) account to some extent for permanent differences across districts.

While the difference-in-differences estimates are informative about the road development pro-
gram, even if the identification is persuading, they only capture the relative effects in one district
relative to another district. This analysis does not capture level effects or aggregate general equilib-
rium effects, resulting from the reallocation of production across crops and space or the reallocation
of labor across sectors. I now turn to a structural model to examine the overall aggregate and
spatial distributional effects of the road development program, accounting for general equilibrium

implications across locations and sectors.

4 A Spatial Model of Agriculture and Development

I develop a spatial equilibrium two-sector model of agriculture and non-agriculture to assess the
effects of changes in transportation costs on structural change, agricultural productivity and devel-
opment, at both the aggregate and local levels. Overall, the model pins down: the allocation of land
across crops within locations; the distribution of agricultural production across space on the rural
side of the economy; and the distribution of labor across rural locations and sectors. In equilibrium,
the economy-wide aggregate measures of interest and their distribution across space are affected
by the overall level of transportation costs in the economy, their variation across goods, and the
spatial dispersion of these transport costs. I consider the role of transport costs in the presence of

local frictions to the allocation of land.
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4.1 Environment

Consider a spatial economy with an urban center and a finite number of J rural locations, indexed
by j € J ={1,2,...J}. The economy produces two agricultural goods, a food crop f, and a cash
crop s. In addition, the economy produces a non-agricultural good n. Agricultural production
takes place only in the rural locations, while non-agricultural production takes place only in the
urban center. Each rural location can produce either of the two crops. The outputs of the same
crop across locations are perfect substitutes for each other. The food crop is used only for domestic
consumption in the urban center, while the cash crop is fully exported through the urban center.!!
It is assumed that there is unlimited demand abroad at the international price for the cash crop.

The non-agricultural good is used only for consumption in the urban center.

Preferences There is a representative household in the urban center with preferences over food

and non-agricultural goods,

[Hlog(ca), ifep>f
u(cr,cn) =

cr, if Cf <?,

where f is the minimum consumption requirement of food, and ¢, is the consumption of the non-
agricultural good. These non-homothetic preferences capture Engel’s law, whereby when income is
low it is fully allocated to the consumption of food but as income rises, and that level of food con-
sumption is achieved, the remaining income is allocated to the consumption of the non-agricultural
good. The representative household is endowed with total amount of labor N, that is inelastically
supplied to the market. The representative household also owns the productive land in each rural

location, L;. Production of each crop in each location j is undertaken by a representative farm.

H Qualitatively the results would not change if instead the cash crop was partially consumed domestically. However,
because domestic consumption of cash crops is small relative to the domestic consumption of food, as well as the
export amount of cash crops, I simplify the model along this dimension.
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The farms are also owned by the household, and therefore any profits they make accrue to the

household as income.

Production of food crops The food crop in each location j is produced using land, labor and

imported intermediate inputs, according to a decreasing returns to scale technology,
1- 1—a\719 1-6
vri = [z (n§05)'] 25" (2)

where yy; is output of the food crop, zy; is food crop productivity, and n;, €¢;, z; are labor, land,
and intermediate inputs respectively used in the production of food in location j. In equation (2),
(1 — 0) determines the elasticity of final output with respect to intermediate inputs. The object in
brackets raised to 6 is the production function net of intermediate inputs, with parameter v < 1
regulating the extent of returns to scale. Parameter o < 1 captures the importance of labor relative
to land in food production. Note that decreasing returns to scale imply incomplete specialization

and thus the food crop will be produced, at least partly, by every location j.

Production of cash crops The cash crop in each location j is produced according to a constant

returns to scale technology that is linear in land,

Ysj = Zsjgsja

where zg;, ysj, {s; are productivity, output and land under the cash crop technology. The presence
of the cash crop technology allows for an alternative use of land, outside food, in rural locations.'?
The decreasing returns to scale in food production and the linearity of the cash crop technology
allow to capture the stylized feature of the data that rural locations can be completely specialized

in food, but not in cash crops.

12Tn Appendix E.2 I show that the results are robust to including intermediate inputs in the production of cash
crops, under constant returns to scale.
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Production of non-agricultural good The non-agricultural good is produced by a represen-
tative firm in the urban location according to a constant returns to scale technology that is linear

in labor,

Y, = ANna

where A is non-agricultural productivity and N, is the amount of labor allocated to non-agricultural

production.

Goods Prices The non-agricultural good is the numeraire with its price normalized to one. Let
ps be the relative consumer price of the food crop in the urban location, which is endogenous. Note
that because food produced in one location is a perfect substitute for food produced in another
location, in equilibrium the consumer prices of food in the urban center from different locations
will have to be the same and equal to p;. This small open economy imports all the intermediate
inputs from abroad, which are assumed to be inelastically supplied in the international market, and
in exchange exports the cash crop it produces. Given that the cash crop is fully exported and the
intermediate inputs are fully imported their international prices p?, and p} respectively are taken
as given. To the extent that there are differences in transportation costs faced by locations in
delivering their crops to market, these will show up as differences in the farm-gate prices for food
and cash crops. Similarly, while p} is the price of intermediate inputs upon landing in the urban
center, the local prices of intermediate inputs in the different rural locations will differ according to

their location-specific transportation costs for delivering intermediate inputs.

Transportation Technology Delivery of crops from each rural location to the urban center for
consumption (food crop) or export (cash crop), as well as the delivery of imported intermediate
inputs from the urban center to the rural locations is subject to origin-good-specific transportation
costs of the iceberg form. In particular, to sell 1 unit of crop i € {f, s} to the urban center, farms

in location j have to ship 7;; > 1 units of the crop. Similarly, in order for one unit of imported
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intermediate inputs to arrive in rural location j, 7,; units have to be shipped. Given that the
consumer price of food has to be the same in the urban center regardless of origin, the transport
technology implies that the farm-gate producer prices of food will differ across locations at origin
according to the transport costs involved in delivering their output to the market, ps/7y;. Similarly
the farm-gate price of cash crops will be p*/7,; and the farm-gate price of imported intermediate
inputs p,; = pi7,; in location j. In other words, transport costs reduce the price farms receive for

their goods, and raise the prices they pay for their intermediate inputs.

Land Market Frictions The total amount of land in location j, L;, can be allocated to the
production of food or cash crops within that location. The market clearing condition for land in
location j is,

I allow for frictions to the allocation of land within local markets. In particular, within each location
there is location-specific tax p; to the allocation of land between cash and food crops, such that

the rental price of land under food crops is a fraction of the rental price of land under cash crops,

qr; = (1 = py) s, (4)

where ¢;; is the rental price of land under crop ¢ in location j. The revenue from the taxes is
redistributed to consumers in a lump-sum fashion. The tax p; is a catch-all for distortions to the
allocation of land, that have been shown to be important in developing countries (Adamopoulos

and Restuccia, 2014).

Labor Markets Labor is used only in the production of food crops within each location and it

is perfectly mobile across all rural locations and the urban center.!> The labor market clearing

BIn Appendix E.2, in addition to the land frictions, I also allow for distortions to the allocation of labor across
locations.
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condition requires that the total amount of labor used in all rural locations and the urban location

is equal to the total amount of labor in the economy;,
N,+ N, = N,

where N, is the total amount of labor devoted to agricultural production across all rural locations,
J
Na = Z n]
j=1
Goods Markets The economy-wide market clearing condition for food is,

J
cr=Y ¢, (5)
j=1

where cy; = % is the amount of food (consumption) delivered to destination in the urban center
originating from location j, and yy; is the amount of the food crop produced and shipped from rural
location j. Note that while the only source of demand for food from any location is the consumers
of the city center the amount of consumption is not equal to the amount of food produced in each
rural location, since part of the output “melts” in transit. So cy; is also the amount of net output

of the food crop from location j.

Since the non-agricultural good is produced and consumed in the urban center, the market

clearing condition is,

The entire amount of cash crop production from each location j is shipped to the urban center for

export, with the export value upon arrival at the urban center being ex; = p ?ij . All intermediate
s

inputs are imported, with a value upon reaching their destination in each rural location j of im; =

piTy;x;. The small open economy’s total exports are EX = Zj ex; and imports are IM = Zj im;.
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The economy’s net exports are then given by, NX = EX — I M.

To summarize, rural locations are heterogeneous with respect to: (a) crop-location-specific
productivities {zy;, z5; }; (b) the total amount of productive land L;; (c) local land frictions p;; and

(d) the vector of location-good-specific transportation costs {7}, 7s;, Ta; }-

Definition of equilibrium A competitive equilibrium is a set of prices { Pr,w, (¢sj, 475, wj)jzl},
an allocation for each food crop farm {ys;, (¢;,n;, ;} and each cash crop farm {ys;,(s;} in loca-
tion j, an allocation for the non-agricultural firm {Y},, NV,,}, a consumption allocation {cy, ¢, }, such
that: (a) the consumption allocation for urban consumers {cy, ¢, } maximizes their utility subject
to their budget constraint, given prices and the local land allocation frictions (F‘j)}]:ﬁ (b) the pro-
duction allocation for each food crop farm in location j, {yy;, ¢s;, n;, x;} maximizes profits given
prices, transportation costs {7¢;, 7,;}, and land L;; (c¢) the production allocation for each cash crop
farm in location j, {ys;, {s;} maximizes profits given prices and transportation cost 7,;; (d) the
non-agricultural production allocation {Y;,, V,} maximizes the profits of the non-agricultural rep-

resentative firm, given prices; and (e) the markets for labor, land, food crops, and non-agricultural

goods clear.

4.2 Analysis

The profit maximization problem of the food crop farm in rural location j is given by,

Df 11— —a\179 1-0
max T = [zfj7 (n?ﬁ}j )] 37]1 —win; — qpily; — PaiTj ¢
{n 14 :p} T¥j

R

subject to the constraint that the total land allocated to food crop production in a given location

cannot exceed the total amount of land in that location, ¢;; < L;. The location j wage rate is w;."

14Standard non-linear optimization techniques can be used to solve this problem numerically for every location,
given a relative price for food py.
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For a given price of food py, if the land constraint is binding in j, the optimal choice of land
involves a corner solution ¢;; = L;. In this case, rural location j is completely specialized in the
production of food. If the solution to the above problem for location j is at an interior optimum

then,

159 ﬁ 1 11—a'y la'y
X — - (6] -
Urj = |y (—] ) ( ) (—) < Ly, (6)
’ [ T\ vy, qrj wj ’

and the location is incompletely specialized in the production of food, i.e. produces cash crops as

well. I denote by ¢f; = z}]_7 /7¢; the “effective” productivity of location j in food crops, adjusting

for transport costs.

For every location j, regardless of the extent of specialization, the intensity with which food
crop farms apply intermediate inputs depends on the relative cost of intermediate inputs to the
producer price of food,

i e (7)

and food farm labor demand is a function of the food land input in that location,

% 1—1a'y
a —a T
n; = [(w—) 79pf90fj£§”1j n (ﬁ) ] : (8)
J J

The cash crop farm in each location j solves a simple problem,

* ZS'
ma_X {ps—stj - q$j€sj} )

sj Tsj

where the first order condition pins down the rental price of land in each location j,

Qsj = Psj, (9)

Zsj

with ¢y = pi=* being “effective” productivity in cash crop production, accounting for iceberg

Tsj

transportation costs, and inclusive of the fixed international price of cash crops.
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The profit maximization problem of the non-agricultural firm in the urban center is,
max {AN,, — wN,},

where w is the urban wage rate. The first order condition implies that the wage rate is determined
by non-agricultural productivity w = A. Given that labor is perfectly mobile across the urban and

all rural locations the wage rate in each rural location will be equal to this wage rate, w; = w = A.

Household income consists of labor income, the total return to land from all rural locations and

the profits from producing the food crop in each rural location,

I =wN + Z (&\fjﬁfj) + Z(l - Uj)%j (Lj - gfj) + Zﬂ'j + TR,

J J J

where gy; is the adjusted rental cost of food land in location j, which is equal to ¢y, for incompletely
specialized districts (where the land constraint is not binding) and greater than ¢y; by the marginal
benefit of additional food land in districts completely specialized in food (binding land constraint).
The total revenue from the taxes to the allocation of land within districts, TR = ) ; 14iGsilsjs
is redistributed lump-sum to consumers. Given the nature of the preferences, the household will
consume an amount of food per member ¢; = f and allocate the residual income to the consumption

of non-agricultural goods.

The relative price of food crops in the urban center, ps, must clear the market for food (5).
Consumers in the urban center consume a fixed amount of food per person f. Each rural location
produces food yy;, which upon delivery to the urban center is ¢;; = yy;/7y;, due to the incurred

transport costs. Then the market clearing condition for food crops that implicitly determines py is,

N-?:ZC”—FZCJC]‘ (10)

JES Jjgs
where S is the set of locations completely specialized in food crop production, S = {j € J : {y; = L;}.
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Spatial Distribution of Food Production When some locations are completely specialized,
and others are incompletely specialized, the relative price of food and the spatial distribution of
production cannot be determined analytically. However, for illustrative purposes we can obtain an
analytical solution for the relative price of food and the land allocation if all locations were assumed
to be incompletely specialized, i.e., there was an interior solution for every j. In this case it can be

shown that the equilibrium land allocation in food production in each location j is,

T l—ay 1—-6
or; |17 [ 1 } =y [ 1 ]90—7)
e 1=pu 3w

T— (1—a)y 1-6
ZJ Prk 1 1—v 1 0(1—~)
k=1 ‘PZS_&) 1—pg TikTaok

where A is a constant that summarizes parameters of the model. How much of the economy’s

= A

food a location produces depends on the relative effective productivity and the (inverse) levels of
transportation costs and land frictions of that location relative to those of all other locations. To
understand the spatial distribution of food production implied by the model consider the ratio of

equilibrium land allocations between any two incompletely specialized locations j and k,

g e
ﬁ _ Sij/SOij B {1 —Mk} 1= {TfkTa:k] 01— (12)
Cie | om/om ™ 1 — pu; T4iTaj

According to the first term in equation (12), if location j is relatively more productive in food crops
than cash crops in comparison to location k, the relatively more food j will produce compared
to k. In other words, comparative advantage in effective productivity matters, which captures
comparative advantage in relative actual productivities (z;;’s) as well as comparative advantage
in (inverse) relative transport costs (7;;’s) and relative land frictions (y;’s). Locations that face
relatively high transport costs in producing food relative to cash crops will allocate less of their
land to the production of food crops. The third term in equation (12) indicates that the inverse ratio

in the levels of food and intermediate good transport costs is also relevant. The channel through
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which the levels of transport costs matter is the intermediate input use, as higher transport costs

deter the use of intermediate inputs. Other key productivity measures are discussed in F.

In the next section the model economy is calibrated to 1996 district-level and aggregate data
for Ethiopia, and then the effect of transport infrastructure improvements is assessed through the
model by changing only the transportation costs in each district and for each good to their 2014

levels.

5 Calibration

The spatial unit of observation of a “rural location” in the model is a district (or woreda) in
the Ethiopian data. This is the most disaggregate level for which a reliable panel of agricultural
production and geographic data could be constructed. The strategy is to calibrate the benchmark
economy to the Ethiopian district-level and aggregate data for 1996, just before the comprehensive

road infrastructure program was initiated.

The parameters that need to be determined, in order to calibrate the model to match the
spatial agricultural production structure of the Ethiopian economy, are: (a) the J x 2 matrix
of crop-specific productivities across the different locations {ij,Zsj};le; (b) the J x 3 matrix of
iceberg transportation costs for each of the crops, as well as the intermediate inputs between the
different rural locations and the urban center {Tfj,Tsj,sz}jzl; (c) the J x 1 vector of local land
frictions {y; };.7:1; (d) the J x 1 vector of total agricultural land for each location {Lj}jzl; (e) non-

agricultural productivity in the urban location A; (f) food crop technology parameters (v, «, 6); (g)

the preference parameter T

My calibration approach does not rely on parametric assumptions about the distributions from
which transportation costs (7;;) and productivities (z;;) could be drawn from for each crop-location

pair. Instead, transportation costs before and after are estimated from geographic measures of
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travel times using GIS software, and productivities by crop for each rural location are backed out

from the model by matching district-level targets in the data. I describe this procedure in detail.

In the data J = 403, which includes the districts for which agricultural production data and
transport cost data are available. The food crop in the model corresponds to cereals in the data,
which account for 84 percent of the land allocation overall in the economy. Cash crops are taken to
include all other crops. The beginning and end of the period are 1996 and 2014 using the pooled
data for each period, as described in Section 3.3. The world prices of cash crops p%, and intermediate

inputs p; are normalized to one, as they do not vary in the quantitative experiments.

Agricultural land by location The total amount of land for each rural location {Lj}}]:l is
taken directly from the data to be the sum of agricultural land allocated to any crop, food or cash,

across all households for that district in the 1996 agricultural production data (AgSS).

Total labor The total amount of labor in the economy N is taken directly from aggregate data
for the Ethiopian economy in 1996, from the Groningen Growth and Development Center (GGDC)

10-sector database (Timmer et al., 2015).

Transportation costs by location and good 7;; In the benchmark economy, transportation
costs for the two crops and intermediate inputs are estimated from travel times from district cen-
troids to destination markets within Ethiopia, through the existing road infrastructure network,
measured from the geographic analysis for 1996. When estimating transportation costs for food
crops (cereals) the travel times used are those from district centroids to the nearest grain market.
Note that in the model there is only one agricultural market in the urban center while in the data
there are multiple. I use the travel time to the closest grain market as the measure of travel time
to the central market in the model. While the regional grain markets in Ethiopia are appropri-

ate for estimating food transport costs they are unlikely to be a good approximation for the costs
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incurred for selling cash crops and purchasing intermediate inputs. Given that cash crops are pri-
marily exported, and exports run through the capital of Addis Ababa, the transportation cost for
cash crops is estimated from the travel time from a district centroid to Addis Ababa. Given that
the distribution of intermediate inputs is centralized, the travel time between the district centroid
and Addis Ababa is also used for intermediate inputs. Note that the model has iceberg transport
costs, which use up resources, while the data involve travel times. To map travel times to iceberg

transport costs I posit a transport cost function of the following form,

T = 14 - ()",

where tt;; is the travel time (in minutes) for good i from rural location j to the market. The
parameter 7 captures the sensitivity of transport costs with respect to travel time, and with n < 1
the transport cost - travel time relationship is concave. 1; > 0 is a scale parameter that controls
the units, in particular, regulating how far from one the implied transport costs are (with ¥; = 0
there are no iceberg costs and 7;,; = 1). Next, I explain how I calibrate the parameters of the
transport cost function. I estimate the elasticity parameter n using data on price gaps for grains
between regional wholesale markets and the capital of Addis Ababa, along with my GIS effective
travel times between these markets. The grain prices are from the Ethiopian Grain Trade Exchange,
that reports prices for internationally traded grains. Given that crops are traded internationally
through the capital of Addis Ababa, the wholesale price gaps are a reasonable proxy for transport
costs. Across all grains, with crop fixed effects, I estimate an elasticity parameter of price gaps
with respect to effective travel time of 0.79. This implies that transport costs rise in a concave
fashion with distance. A detailed description of the data used and the estimation is provided in
Appendix D. I impose the same concavity on my transport cost measure with respect to travel time
by setting n = 0.79. Then given the value for 7, I calibrate the units parameter v; for crops so
that the total amount of resources devoted to transport as a share of consumer value of output

in the model matches the share of transportation costs in the sales value of food in the data for
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Ethiopia in 1996. Based on a survey of grain wholesale traders across grain markets in Ethiopia for
1996, Gabre-Madhin (2001) shows that for grain “exporting” regions 26 percent of the sale price is
accounted for by marketing costs of various kinds and the profit margin of the transporter. Direct
transport costs, including road stops, during the transportation of grains accounted for 58 percent of
the overall marketing costs, implying 13.2 percent of the final sale price is transport. This provides
a lower bound on the transport cost share. However, given that some of the other marketing costs
such as handling, sacking, storage, commission of brokers, travel cost of transporter, and profit of
the transport company can arguably be attributed to “transportation,” I target a transport cost
share of the final sale price of 18 percent, which is between the lower bound of 13 percent and
the upper bound of 26 percent. This implies ¢; = 0.00273 for cereals, which I use for both food
and cash crops in the model. The transport cost share of the delivered farm-gate price of fertilizer
is higher. Minten et al. (2013) using data from Northwestern Ethiopia show that transportation
costs, accounting for “last mile” costs, can raise the effective price of chemical fertilizer by up to
50 percent.'® I set ¢, = 0.0043, which implies a share of transport costs in the farm-gate cost of

intermediate inputs of 36 percent to be conservative.

Food crop technology parameters (v, a,6) The elasticity of output with respect to intermedi-
ate inputs is chosen to match the intermediate input cost share in the value of final output. Based
on aggregate estimates, in 2011 the value of non-agricultural intermediate inputs in gross output
for the agricultural sector in Ethiopia was 13 percent (Kebede and Heshmati, 2023), which implies
6 = 0.87.16 In the food crop production function v and « regulate the extent of decreasing returns
to scale and the income share split between land and labor respectively in the non-intermediate
input part of the production function. While the literature has employed different approaches to
discipline 7y, using micro data and a dynamic panel approach, Manysheva (2022) estimates the

returns to scale in agriculture for Tanzania to be 0.76. Given the similarity between Tanzania and

15This is consistent with Aggarwal et al. (2022) who find high transport costs for fertilizer in rural Tanzania.
16The low use of intermediate inputs is consistent with earlier estimates from the FAO that found an intermediate
input share of 10 percent (Prasada Rao, 1993).
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Ethiopia in terms of stage of development, and the structure of their agricultural sectors, I use this
value in my benchmark analysis. Given the value of v, I choose @ to match a land income share in
agriculture of 22 percent for Ethiopia (Kebede and Heshmati, 2023). The resulting income share
for labor in value added is 54 percent. In Appendix E.1 I consider alternatives to the benchmark

elasticity parameters for robustness.

Rural productivity parameters z;; For each district j the productivity terms of the food crop
and the cash crop technologies {z;, z5;} are chosen to match the food and cash crop yields for that
district, ys;/¢¢; and ys;/{s; respectively. Given that all districts produce food crops, the actual yield
for food crops is available for every district. However, for districts that produce only food crops
(completely specialized), I use additional data from the Global Agroecological Zones project (GAEZ)
to estimate the cash crop yield.!” In particular, I use potential yields by individual crop available
at high spatial resolution from GAEZ, to aggregate up and estimate potential yields for food and
cash crops for each completely specialized district. I then use the ratio of cash-food crop potential
yields across districts and the actual food yield to impute potential cash crop productivity. Real

yields are computed across districts by aggregating individual crops with a common set of prices.

Identification of local land frictions The location-specific frictions to land f; deter the real-
location of land towards cash crops within a location. I back out these frictions from the observed
1996 allocation of land across food and cash crops within each district, as wedges in the marginal
products of land between crops. For districts that produce both crops (incompletely specialized)
the actual allocation of land across crops is used to identify the misallocation of land, conditional on
crop productivities. For districts that are completely specialized in food, I use the actual food crop
productivity and the estimated cash crop productivity to back out the extent of land frictions that
would rationalize complete specialization in food production. The implied economy-wide cash-food

yield ratio is 1.33 as in the data.

17See Adamopoulos and Restuccia (2022) for the use of GAEZ potential yields to assess agricultural productivity.
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Table 3: Calibrated Common Parameters

Parameter Description Value  Data Target

v share of land and labor (food) 0.76  returns to scale

a share of labor (food) 0.71  land income share

0 non-intermediate input share (food) 0.87  interm. input intensity

n sensitivity of transport costs to travel time  0.79  estimated from price data
(PR transport cost scale parameter - crops 0.00273 transp. share of crop price

Uy transport cost scale parameter - fertilizer 0.00430 transp. share of fertilizer price
A urban non-agricultural productivity 645.6  share of agricultural labor

N total number of workers 24806  total 1996 labor

f subsistence food consumption 1181.9  per capita 1996 production

Urban productivity A I normalize the consumer price of food to 1 in the benchmark economy.
The non-agricultural productivity parameter A is calibrated to match in equilibrium a target for
the share of labor in agriculture of 86 percent, based on aggregate data for the Ethiopian economy,

from the GGDC 10-sector database (Timmer et al., 2015).

Food consumption requirement f As I do not have access to consumption data for Ethiopia
the subsistence level of food consumption is pinned down by the equilibrium requirement that the
total consumption of food by domestic consumers fully absorbs the total production of food from
all districts net of their respective transport costs. Given that food production data and transport
costs are targeted explicitly in the calibration as described above, the market clearing condition for

food (5) determines the value of the per capita subsistence food consumption term f.

The economy-wide calibrated parameters of the model, that are common across all locations,
along with their descriptions and targets are provided in Table 3. Table 4 provides a description
of the location-specific parameters that are mapped into actual district-level data, along with their
data targets. The calibrated model does well in replicating aggregate and spatial features of the

Ethiopian economy. The values of key variables of interest in the calibrated benchmark economy
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Table 4: Calibrated District-specific Parameters

Parameter  Description Data Target (1996)

{Lj};.le total agricultural land total land from AgSS Data

{Tfj }}']:1 food crop iceberg transport cost travel time to nearest grain market
{7s; }‘].]:1 cash crop iceberg transport cost travel time to Addis Ababa

{72 };.7:1 inter. input iceberg transport cost  travel time to Addis Ababa

{z¢5, 2sj };.]:1 productivity parameters by district food and cash yields from AgSS & GAEZ data
{1 };.7:1 land frictions by district food land share from AgSS data

Figure 2: Cross-District Comparison of Model to 1996 Data

Panel A: Food Farm Labor Share Panel B: Intermediate Input Use
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Notes: “Model” refers to the value in the calibrated benchmark economy. “1996 Data” refers to the district value

from the 1996 pooled data from the Ethiopia Agricultural Sample Surveys.
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are provided in the first column of Table 6. However, the model also does well in matching district-
level statistics that are not targeted in the calibration. Panel A in Figure 2 compares the spatial
distribution across districts of food farm labor (share in total economy-wide labor engaged in food
production) to the 1996 distribution of households engaged in cereal production across districts (as
a share of the total households engaged in cereals).'® There is a strong positive correlation between

model and data for the food crop labor shares.

The AgSS data provide reliable information on whether any given field operated by a household
uses fertilizer. In addition, the AgSS contains information on the amount of fertilizer applied.
However, this data is more sparse and less reliable for time series comparisons. Using the AgSS
data I construct a district-level measure of intermediate input use as the share of all fields that have
any amount of fertilizer applied to them. On average this has increased from 32 percent in 1996
to 52 percent in 2014, indicating a significant increase in the use of fertilizer. In the model, there
are no fields, so an intermediate input intensity district-level measure can only be constructed as
the share of intermediate inputs in final output in each district. The spatial distribution of district-
level intermediate input intensities is not targeted in the calibration. Nevertheless, as Panel B in
Figure 2 shows the intensive margin intermediate input measure from the benchmark economy in
the model is strongly positively correlated with the extensive margin intermediate input intensity

measure from the data, with a correlation coefficient of 0.48.

5.1 Comparing model to estimated treatment effects

To assess the appropriateness of the model, here I compare the structural model-implied effects to
the evidence from the difference-in-differences estimates in Section 3.4. To facilitate the comparison,
I simulate in the model the equilibrium effects of a change in food transport costs alone from their

1996 to their 2014 level, keeping the cash and intermediate input transport costs constant. With

18The AgSS does not provide information on labor. I use the number of households engaged in cereal production
as a proxy for food labor in this comparison.
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Table 5: Comparing Model to Data Estimates

Dependent Variable (in logs): Yield
Model Estimated

(1) 2)

(AAccess - NewRoad;;) 0.084*** 0.097*
(10.59) (2.13)

District FE yes yes

Year FE yes yes

Note: Both columns contain estimates from OLS regressions of district log yield over all grains on the product
of treatment amount (extent of market access) and a time varying dummy for whether the district is treated in
a particular period, including time fixed effects, and district fixed effects in each case. The first column presents
estimates from the model-generated data, while the second column from the actual panel data. t-statistics are in the

parentheses, ***, and ** represent significance at the 1% (p < 0.01), and 5% (p < 0.05) level respectively.

the implied equilibrium model-generated data, before (calibrated) and after (new equilibrium) the
change in food transport costs, I run the same difference-in-differences specification as with the
actual panel data, with the same market access interaction term as in Equation (1). I note that
while, in the model transport costs are of the iceberg form, in the estimation I include the travel
times, exactly as in the empirical specification, to keep the treatment the same. I include year and

district fixed effects both with the model-generated data and the actual data.

The first column in Table 5 shows the difference-in-differences yield elasticity estimate from the
equilibrium model-generated data. For comparison, the second column repeats the estimated elas-
ticity from the data. The resulting model “treatment effects” are consistent in sign and magnitude
with the empirical results. Reassuringly, the elasticity of the yield with respect to market access
in the model is 0.084, close to the estimated elasticity from the empirical difference-in-differences
design of 0.097. The fact that 87 percent of the yield gain estimated from the data can be accounted
for through the mechanisms of the calibrated model, suggests that it is a reasonable framework in

which to conduct other experiments and counterfactuals.
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6 Quantitative Experiment

The experiment involves studying the effects from reducing geographic transport costs across all
districts from their actual 1996 levels to their actual 2014 levels. In order to isolate the effects of
transport cost changes alone I keep all other parameters to their 1996 levels. In other words, I
ask what would be the aggregate and spatial micro-level effects on the Ethiopian economy if the
only change between 1996 and 2014 had been the change in the transportation network and the
associated changes in transportation costs? I then compare these changes to the actual changes in
the variables of interest that occurred in the data over the same period. The model allows me to
assess directly the effects of transport cost changes irrespective of the other changes that may have
occurred over the same period and which may have also contributed to changes in the variables of

interest.

The iceberg transport costs for 2014 are obtained from the same transport cost function as
above,

Tijoo1a = 1 45 - (ttij2014)",

for i € {f, s, z}, where the travel times for 2014, tt;; 2014, are the ones estimated in Section 3.1 from
the road infrastructure network present in 2014. The associated changes in transport costs alter the
connectivity of districts with markets, and do so in a heterogeneous fashion, since the volume and
quality of the road network did not expand for all districts at the same rate. As a result there is a
change in both the level and the dispersion of good-specific transport costs across districts. Keeping
all other parameters (including productivity) in all rural and urban locations to their benchmark
economy levels, I feed the 2014 iceberg costs {Tfj72014,Tsj,2014,7'zj72014}‘j]:1 into the model and solve
for the new equilibrium. The mean food (cash) net iceberg transport cost (7 — 1) drops by 29.7

(19.3) percent while the median drops by 25.9 (19.4) percent.
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6.1 Aggregate Effects

The aggregate outcomes in the new equilibrium, associated with the 2014 transport costs, are pre-
sented in the second column of Table 6, and the percentage changes relative to the 1996 benchmark
economy (first column) are presented in the third column. I note that in the new equilibrium I
aggregate across crops and goods using a common set of prices before and after the change in trans-
port costs, just as statistical agencies measure “real” changes. The common set of prices I use are

the ones from the benchmark economy net of transport costs.

There are substantial aggregate effects when transport costs alone are reduced to their 2014
levels, in terms of structural change and productivity as captured by several metrics in Table 6. The
share of labor in agriculture in the model drops from 86 percent in the benchmark economy to 80.5
percent, a drop of 5.5 percentage points. As a summary statistic of the economy-wide productivity
effects in agriculture, value added per worker increases by 23.4 percent. The aggregate real yield in
agriculture, measured as real value of final output per unit of land, increases by 14.7 percent. This
is achieved through an increase in within-crop real yields, 9.8 percent for food and 13.3 percent for
cash crops, as well as a reallocation of land from food crop production to cash crop production in
the economy overall. The share of land in food production in the economy drops from almost 84

percent in 1996 to under 73 percent after the transport cost changes.

The driver of these substantial effects is the change in transport costs across goods and space,
through the mechanisms of the model. The within-crop increases in the yields are achieved through
the spatial reallocation of production across districts according to changes in relative comparative
advantage implied by the changes in transportation costs. To see this recall that in the model
comparative advantage across districts is determined not only by relative actual TFP (z;;) but
also by relative transportation costs (7;;), i.e., by relative “effective” productivity. After the drop in
transport costs, food production is undertaken increasingly by relatively more “productive” districts,

and labor is reallocated across rural districts according to the redistribution in food production.
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Table 6: Aggregate Effects of Reducing Transport Costs to 2014 Levels

Statistic Benchmark 2014 Percentage
Economy  Transport  Change
BE Costs (%)
Real Aggregate Yield (Y,/L) 1674.64 1920.98 14.7
Yield in Food Crops (Yy/Ly) 1591.11 1746.42 9.8
Yield in Cash Crops (Y;/Ly) 2108.85 2388.61 13.3
Real Net Aggregate Yield (C,/L) 1339.75 1590.67 18.7
Net Yield in Food Crops (Ct/Ly) 1304.38 1502.28 15.2
Net Yield in Cash Crops (Cs/Ly) 1523.59 1827.45 19.9
Real Value Added Yield (VA,/L) 1585.96 1831.97 15.5
Real Value Added per worker (VA,/N,) 1992.44 2458.65 23.4
Share of Employment in Agriculture (N,/N) (%) 0.86 0.81 -5.5
Total Share of land in food (L;/L) (%) 0.84 0.73 -11.0
Intermediate Input Intensity (X;/Y?) (%) 0.11 0.11 0.7
Consumer price of food (py) 1.00 0.94 -6.4
Average Farm Size (L/N,) 1.26 1.34 6.8
Real GDP per Worker (GDP/N) 1384.23 1688.73 22.0

Notes: The column “Benchmark Economy (BE)” displays the values for each variable in the baseline calibrated
economy. The column “2014 Transport Costs” displays the values of each variable when transport costs are reduced
to their 2014 levels. The percentage changes in the counterfactual economy (with reduced transport costs) relative to
the BE are in the last column. All variables, except for those reported in shares, are reported as the percentage change
in the counterfactual relative to the BE. For variables reported in shares, the last column displays the difference
between the pre- and post- transport costs change.
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Given the inelastic demand for food in the country, captured by the subsistence requirement f,
as the economy becomes more productive in producing food, districts do not need to devote as
many resources to food production. The land that is freed up from food production is allocated
to the production of cash crops. Given that labor is used only in food production, when land
allocated to food falls, the amount of labor needed to produce that same amount of food also goes
down, being now reallocated to non-agricultural production in the urban center. With the drop
in the overall engagement in food production, the demand for imported intermediate inputs falls.
However, the use of intermediate inputs on the intensive margin increases. The overall share of
intermediate inputs in final output for the economy increases by under one percentage point. This
is because the relative cost of intermediate inputs depends not only on the domestic transport costs
of delivering those inputs to districts but also on the relative price of food. While transport costs
for intermediate inputs and food fall, the relative price of food also falls by 6 percent, counteracting

part of the transport cost savings depending on the district.

Note that the iceberg transport costs are resource costs that show up in the model as goods
“melting” in transit. As a result, part of the output of each crop (food and cash) constitute
payments to the transportation sector. The net amount of output of crop ¢ delivered to the urban
location (for consumption in the case of food, and for export in the case of cash crops) is y;;/7;;. An
alternative real productivity metric to consider is the real net yield, that nets out transport costs,
and thus takes into account the direct resource savings from lower transport costs. The real net
yield in the model increases by 18.7 percent when transport costs drop to their 2014 levels. The
indirect productivity gains achieved through the mechanisms of the model account for 80 percent
of the overall gains (log(1.147)/log(1.187)), implying that the direct savings from lower transport

costs are the residual 20 percent.

The key metric of value added per worker in agriculture, takes into account not only changes
in the real value added yield (which increases by 15.5 percent) but also the induced equilibrium

changes in agricultural labor, described above. The economy-wide agricultural farm land per worker,
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or average farm size in the model, increases by 6.8 percent. A simple decomposition of the total
aggregate gain in value added per worker, reveals that the real value added yield gain accounts for
69 percent (= log(1.155)/log(1.234)), while the average farm size gains for the remaining 31 percent
(=1og(1.066)/log(1.223)).

VA, VA,

o (13)
N, L N,’
= =
1.234 1.155 1.068
These findings indicate that lower transport costs not only raise productivity in farming but

also lead to a restructuring of the agricultural sector, characterized by a shift of production towards

more export oriented cash crops, lower employment in agriculture, and larger farm sizes.

Real GDP per worker in the economy, which also takes into account the output of the non-
agricultural sector in the urban center, increases by 22 percent. This is a substantial increase due

to the heavy reliance of the economy on developments in the agricultural sector.!?

Role of key mechanisms The model features three main channels: (a) the reallocation of
production across districts and crops; (b) the use of intermediate inputs; (c) the reallocation of labor
across sectors and space. To assess the relative importance of each channel for overall agricultural
productivity, I conduct a set of counterfactual experiments, whereby I shut down each channel in
turn, but allow the other channels to operate. The results are presented in Table 7, where the
first row repeats the results when all channels are active. I report four key outcome statistics
when all transport costs are reduced to their 2014 level: the change in value added per worker,
the shares of land in food and labor in agriculture, and the change in GDP per worker. The “No
land reallocation” counterfactual keeps the allocation of land across crops in all districts to its 1996
level. The “No intermediate input change” counterfactual keeps the intermediate input intensity to

its 1996 level, while the “No labor reallocation” counterfactual keeps the allocation of labor across

19Tn Appendix G I show that these results are robust to including local labor markets.
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Table 7: Effects of Different Channels

Model Value Added Land Share Agricultural GDP per
per worker in Food Employment Share = Worker
All channels 23.4 72.8 80.5 22
No land reallocation 7.5 83.9 76.9 2.7
No intermediate input change 19.4 74.4 81.6 19.9
No labor reallocation 8.1 79.1 86.0 12.8

Notes: The first and fourth columns display the percentage change in the counterfactual economy relative to the
benchmark, while the second and third columns the shares in the counterfactual economy, when transport costs are
reduced to their 2014 levels. “All channels” refers to the full model. “No land reallocation” keeps the land allocation
to 1996. “No intermediate input change” keeps the intermediate input intensity in each district to its 1996 level.
“No labor reallocation” keeps the labor allocation across space and sectors to 1996.

space and sectors to its 1996 level.

The results suggest that the distribution of production across space and the allocation of land
across crops is the most important channel, as shutting it down reduces agricultural productivity by
65.6 percent relative to the baseline results. The overall reallocation of labor across space and sectors
is almost equally important, as eliminating this channel reduces agricultural labor productivity by
63 percent. Note that the first keeps the land share in food to its benchmark 1996 level, while the

second the share of labor in agriculture. The intermediate input channel plays a smaller role.

6.2 Spatial Distribution of Effects

While the economy-wide aggregate gains capture the overall effect of changes in transportation
costs because they take into account the gains from the spatial reallocation of production, it is also
important to understand the spatial patterns across districts that the changes in transport costs
impart. The spatial distributional consequences of the transport cost changes further help shed

light on the mechanisms of the model.

In Panel A, Figure 3 I plot the change in the log—real total yield by district against the change

in log—level of transport costs in food by district. There is a U-shaped pattern across districts
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Figure 3: Model Changes in Yields with Transport Cost Changes
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Notes: “Change in Total Yield” and “Change in Food Crop Yield” refer to the change in the real overall yield (valued
at a common set of prices) and food crop yield respectively, in the model, after the reduction in transport costs. The
x-axis represents the log-change of food transport costs over 1996-2014.

between changes in yields and changes in the level of food transport costs. This implies that for
one set of districts the smaller the changes in the level of their food transport costs the larger the
gains (upward sloping part of the U-curve), while for another set of districts the larger the changes
in the level of food transport costs the larger the gains (downward sloping part of the U-curve).
In order to understand what accounts for this relationship note that the U-shaped pattern across
districts is also present when examining the change in log-real yield in food crops alone against
log—changes in the level of food transport costs, as illustrated in Figure 3, Panel B. This is to be
expected as in the model the cash crop production technology is linear in land, and therefore there
are no within-district changes to the real yield in cash crops. As a result, the U-shaped pattern of

the food crop yield carries over to the district-level total yield.

At a proximate level, the reason for the U-shaped pattern is due to the degree of specialization

in food crops: the yield growth-transport cost change relationship is negative among districts that
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are completely specialized in food production, but positive for the districts that are incompletely

specialized in food (i.e., those that also produce cash crops).

For districts completely specialized in food the larger the drop in food transport costs, the
larger the increase in intermediate input intensity, and the larger the increase in the labor-land
ratio (as lower transport costs increase the relative cost of land). Lower transport costs allow these
districts to better exploit the initial comparative advantage they have in food crop production. For
districts that are incompletely specialized in food, the smaller the increase in the food transport
cost the larger the switch to cash crops, and by diminishing returns the larger the increase in the
food yield, accounting for the upward sloping part of the U-curve. The total yield increases even

more for these districts because land is allocated towards the relatively more productive cash crops.

The degree of specialization of a district depends on the extent to which changes in the level
of food transport costs 7¢; or “absolute advantage,” are aligned with changes in the relative food-
to-cash transport costs :Lj or “comparative advantage.” While food transport costs drop for all
districts, for districts that completely specialize in food, the drops are very large, and they are
completely aligned with changes in relative food-to-cash transport costs, i.e., both the level and
relative transport costs exhibit large drops and are virtually perfectly correlated. For districts that
are incompletely specialized the level of food transport costs (which decreases) and relative food-to-
cash transport costs (which tend to increase for these districts) are misaligned, and they are more

weakly correlated.

Changes in Spatial Inequality It is natural to ask, to what extent did the building of new
roads mitigate spatial inequality across districts? Before the road expansion program in Ethiopia
began, transport costs where high particularly for isolated regions, detached from the capital center
of Addis Ababa. In Table 8, Panel A I order districts according to their distance (travel time) from
Addis Ababa in 1996, and group them into quintiles of the distribution of distances from Addis

Ababa. As seen in the first column, the closest districts (Q1) were on average 3.5 hours away from
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the capital in 1996, while the furthest districts (Q5) were more than 16.6 hours away on average.
The second column shows the average increase in the total yield for the districts in each of the 1996
distance quintiles, implied by the model when all transport costs change to their actual 2014 levels.
While all districts benefited from the drops in transport costs, the districts furthest away in 1996
(Q5) exhibited higher yield growth on average, 26.1 percent, than the closest districts in 1996 (Q1),
which had 14.6 percent growth. These growth differences contributed to the partial convergence of

the more distant districts from Addis Ababa to the nearby ones.

Panel B, Table 8 orders and groups districts into quintiles according to the level of their 1996
total yield, with Q1 being the lowest productivity 20 percent in 1996, and Q5 the highest produc-
tivity 20 percent. The first column displays the average total yields for each group in 1996. The
second column shows the average yield growth for each group following the drops in transport costs
to their 2014 levels. While the relationship is not monotonic, the least productive districts in 1996

(Q1) exhibited higher growth than the other districts.

In sum, there is some evidence of convergence and a dent in spatial inequality, with more distant

and lower productivity districts benefiting more from the new infrastructure.

6.3 Comparison to Data Changes

In the main quantitative experiment the only object changed relative to the benchmark economy was
the matrix of good-district-specific transportation costs. It is of interest to see how the changes in
the allocations induced by the transport cost changes alone compare to the actual changes observed

in the Ethiopian economy over the period 1996-2014.

Table 9 compares the aggregate changes from the model (first column) to the ones in the data
(second column) for key variables of interest. I focus here on the real yield as the measure of
agricultural productivity, rather than value added per worker, since due to lack of data I cannot

calculate the latter at the district-level. The real aggregate yield increases 14.7 percent in the model,
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Table 8: Changes Across Space and Productivity

Panel A:
Ordered According to 1996 Distance From Addis Ababa

Quintile Travel Time to Model % Change in Yield
Addis Ababa (min) (with transport cost changes)
Q1 210.7 14.6
Q2 405.3 114
Q3 048.3 16.3
Q4 712.0 17.5
Q5 994.2 26.1
Panel B:

Ordered According to 1996 Yield

Quintile Total Model % Change in Yield
Yield (with transport cost changes)

Q1 855 26.7

Q2 1307 11.9

Q3 1717 15.0

Q4 2314 15.6

Q5 4672 17.6

Note: In Panel A, districts are ordered according to their 1996 distance from Addis Ababa, and grouped into quintiles
of their distance distribution. In Panel B, districts are ordered according to their total yield in 1996, and grouped
into quintiles of the yield distribution. The second column shows the average yield growth rate across districts within

each quintile.
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Table 9: Comparison of Model and Data Changes (Aggregate Statistics)

Statistic Changes due to Changes in Data
Transport Cost Reductions  Over 1996-2014
(%) (70)
Real Gross Aggregate Yield 14.7 341.9
Real Net Aggregate Yield 18.7 341.9
Real Yield in Food Crops 9.8 153.9
Total Share of land in food (change in %) -11.0 -8.5
Average Farm Size 6.8 6.2
Share of Employment in Agriculture (change in %) -5.5 -12.6
Real GDP per Worker 22.0 67.1

Notes: The first column shows changes relative to the benchmark economy, implied by the model, when all transport
costs are reduced to their 2014 levels. All the changes in the data are computed from the Ethiopian Agricultural
Sample Surveys data over 1996-2014, with the exception of the “Share of Employment in Agriculture” and “Real
GDP per Worker” values which are computed from the GGDC 10-sector database as changes over 1996-2011.

accounting for 9.2 percent (log(1.147)/log(4.4)) of the overall increase in the same metric in the
data. If however the direct resource savings from the transport cost reductions are included then
the aggregate net yield increases by 18.7 percent, accounting for 11.5 percent of the overall yield
gain in the micro-level agricultural production data. In other words, the model with only transport
cost changes can account for about 1/10 of the yield gains in the data. The gross yield in food

crops in the model accounts for 10 percent of the one observed in the data.

In terms of other statistics, the drop in the share of land allocated to food crops and the increase
in average farm size are in the neighborhood of these changes in the data over the period 1996-2014.
The model also accounts for less than half of the drop in the share of labor employed in agriculture.
Finally, the model also generates an increase in GDP per worker that is about half of the actual

change in the data.

Next, I compare the spatial pattern of the yield gains produced by the model with the ones in
the data. Figure 4 compares (log) changes in the total district-level yield in the micro data to (log)

changes in the total district-level yield implied by the model, against the actual (log) changes in the
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Figure 4: Model vs. Data: Total Yield - Transport Cost Relationship (All Districts)
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Notes: “Change in Total Yield” refers to the change in the real overall yield for each district (valued at a common set
of prices). In the model this is the change relative to the benchmark economy after the reduction in transport costs.
In the AgSS data this is the actual change over 1996-2014. The x-axis represents the log-change of food transport
costs over 1996-2014.

level of transport costs over the period 1996-2014. While in the data there is more noise and the
magnitudes of the changes in the district-level yields are larger than those produced by the model
with only changes in transport costs, the U-shaped pattern of the district-level gains with transport

costs changes is present in both the data and the model.

7 Conclusions

This paper has studied a particular episode of a large-scale infrastructure intervention, undertaken
in Ethiopia starting in 1997. To measure the effects of the road expansion program I combined a
quantitative spatial framework with novel panel data on agricultural production and transportation
costs. I find that the changes in transport costs implied by the expansion of the road network have
had a sizable impact on productivity and the structure of the agricultural sector in Ethiopia. The

gains in real output per worker are about 1/10 of the overall gains observed in the data. I also find
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that “closer” markets contribute to a structural transformation of the agricultural sector, with more
export-oriented cash crop production, fewer farmers, and higher average farm size as employment
shifts to other sectors of the economy. These effects are sizable and in the neighborhood of what

occurs in the data.

At the individual district level the gains are not uniform. The model produces a U-shaped
relationship between district-level gains and transport cost changes, that is similar in nature to the
corresponding one in the data. In particular, the districts that experience the largest yield gains
are not necessarily only those that experience the largest drops in the level of their transport costs.
There are other factors driving heterogeneity in the responses of localities even after controlling
for transport costs, such as relative transport costs changes across crops, and the relative initial
productivities. The implication is that one should not expect a uniform response across regions
to lowering transport costs across the board, in the face of inherent heterogeneity. There is some
evidence of spatial convergence across districts with relatively more distant and lower productivity

districts tending to exhibit higher productivity growth following the drop in transportation costs.

For an economy like Ethiopia that is heavily skewed towards agriculture, any productivity gains
in this sector will translate to aggregate productivity benefits. This is a characteristic shared by
many other developing countries, particularly in Sub-Saharan Africa. I note that while the drops
in transport costs have been large, Ethiopia started from a very high base, and their level as well
as dispersion still remain high. The implication of the analysis here is that, further investments in
infrastructure expansion, can have real productivity benefits for the economy. Finally, I note that
the analysis has focused on quantifying the effects of transport infrastructure improvements for a
given (1996) distribution of crop-specific TFPs across districts. If changes in the distribution of
transport costs induce changes in the district-crop-specific TFPs, through for example the adoption
of modern agricultural technologies and mechanization or the adoption of high yield varieties, then
the gains from transport infrastructure improvements can be potentially larger. A quantification of

such gains would be a fruitful avenue for future research.
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Appendix

A Criteria for Road Project Selection

The Ethiopian Roads Authority (ERA) had separate specified criteria for earmarking road projects
for rehabilitation and new construction (ERA, 2016).

There were five selection criteria for road upgrading projects, with the following assigned
weights: (i) roads with high traffic (30 percent weight); (ii) roads that would improve the effi-
ciency of the overall road connectivity (20 percent weight); (iii) roads that were in poor condition
(20 percent weight); (iv) roads connecting towns with established or emerging industries (10 percent
weight); (v) roads linking Ethiopia to ports in other countries - given that Ethiopia is a land locked
country, to promote regional integration to international trade routes (20 percent weight).

The five criteria for the preliminary selection of new road projects, with corresponding assigned
weights were as follows: (i) roads providing access to areas with untapped natural resources (20 per-
cent weight); (ii) roads that would improve connectivity of areas growing surplus food crops as well
as cash crops for export (20 percent weight); (iii) roads providing short access roads (missing links)
between towns (20 percent weight); (iv) roads providing access to large isolated rural population
centres (30 percent weight); (v) roads for equitable regional development (10 percent weight).

The above criteria should be viewed as broad guidelines for earmarking projects. Subsequently,
according to the ERA’s Route Selection Manual (Manual-ERA, 2013), a route selection step would
consider the different shortest route options through the nodal points of the earmarked projects, tak-
ing into account engineering, topographical, environmental, social, and rough cost considerations.
For example, they would try to minimize the ascends and descends in the road in mountainous
terrain as well as the number and span of bridges over river crossings or fans. The route selection
also avoids areas prone to landslides and flooding as well as areas of natural beauty and ecological
conservation (e.g., national parks, forested areas), always adhering to the technical road design
standards set out by engineers. Route selection is mainly dealt with centrally by the ERA. Once a
preferred route is chosen an economic feasibility analysis is conducted that considers construction
and maintenance costs, and socio-economic benefits. Finally, budgetary constraints determine how
many of the set of prioritized projects move forward to the construction stage.

B Data Assembly

B.1 Geo-Coded Transportation Costs

To estimate the panel of travel times the entire extent of Ethiopia is formatted into a high resolution
grid where the size of a cell (or pixel) in the grid is 250 meters x 250 meters. All the data are at
this fine level of disaggregation in ArcGIS raster files. The travel time (cost) in each cell depends
on whether there is a road or not, what type of road there is if a road exists, the type of terrain
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within the cell if no road exists, and finally the topography (slope) of the terrain.?® The qualitative
differences across the different types roads are captured by differences in average travel times across
these roads. The speed of driving on different classes of roads is adopted from the FEthiopian Road
Design Manual and from the input of an expert consultant on the Ethiopian network. To take
the effect of slope of the terrain on travel times into account, I use the slope raster data at the
250m x 250m resolution, which provides a slope (grade) value by cell, and assume an elasticity of
travel speed with respect to slope of 0.24 (based on road capacity manuals, such as the World Bank’s
Highway Development and Management model). The above raster files (layers) are combined to
create a “friction layer” which helps calculate travel time per meter on any point of the geographic
extent of Ethiopia, taking into account the information on road network, land use, and slope. Using
Dijkstra’s algorithm, I then determine the optimal route for each district center to each destination
grain market as the least-accumulative-cost path, i.e., as the minimum travel time through the
“friction layer.” The nearest grain market is the one with the lowest cumulative-cost along the set
of optimal routes. The measure of geo-coded transport cost for a district is the travel time along
the optimal route to the nearest grain market. I note, that the nearest route market is not held
fixed over time but is allowed to change in the algorithm. If a different market becomes the nearest
one after a given improvement in the road network that involves a particular district, the computed
travel time will be the one to the new nearest market. Note that this measure of travel time changes
over the years as the extent and quality of the network expands.?!

B.2 Agricultural Production Data

I use household-level data from the Ethiopian Agricultural Sample Survey (AgSS), a nationally
representative annual survey administered by the Central Statistical Agency (CSA) in Ethiopia.
The data contain information at the field level (a household typically has more than one fields)
on what crops are produced, what quantity is produced, how much of the land is allocated to the
production of the crop, and information on intermediate input use such as fertilizer. The data
I use cover the period from 1995/96 to 2014/15.22 Given that the AgSS data do not necessarily
follow the same households over time and do not contain GPS information on the location of
individual households I conduct the analysis at the district (or woreda) level, the lowest level of
spatial disaggregation for which a reliable panel could be constructed. See Warner et al. (2015) for
a discussion of the challenges involved in assembling a more disaggregate panel.

20The topograhical data on slope are from the United States Geological Survey (USGS). The land use data are
from the Geospatial Information System Ethiopia (EthioGIS). This data captures, the type of land a farmer would
have to travel on foot or animal drawn cart before reaching the road, but also accounts for the fact that travel speeds
are different on steep roads than on flat surfaced roads.

21The travel time from the centroid better reflects the reality that farmers face, as the center of a district does not
necessarily fall where a town is located. Nevertheless, I also consider alternative measures of transport costs: the
distance from the district centroid to the nearest market through the existing road network; the travel time from
the centroid to the nearest market without accounting for terrain and land use; the average distance that can be
traveled within an hour from the district centroid given the road network; the travel time from the district capital to
the nearest grain market accounting for topography and land use; the travel time to nearest town with population
20, 50, 100, 250 thousand in turn; the travel time to the nearest port. These measures are all highly correlated.

22The exceptions are the years 1997/98, 1998/99, 2001/02, and 2002/03 for which data are not available.
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An issue that arises in merging the AgSS household-level data over the long number of years
required for my purposes is that there was redistricting of zones and woredas over time. To address
discrepancies of district identifiers that arise from redistricting I homogenize the coding across all
years using the 2007 IPUMS zonal and district boundaries and identifiers. While the AgSS waves
from 2003/04 and on abide by the IPUMS coding, the earlier years do not. The earlier years were
cross checked against IPUMS coding using the names of the districts and zones.

The quantitative analysis in Sections 5 and 6 focuses on comparing the period before the
comprehensive infrastructure program begins (1997) to the end of the period (2014) of the study. In
order to have a more representative sample of household observations per district, and to ameliorate
any potential noisiness of the household-level data, I pool household data from three years for the
earlier period (1995/96, 1996/97, and 1999/00) and three years for the later period (2012/13,
2013/14, and 2014/15).

The above process allows me to obtain a district-level panel on agricultural production, land
allocations across crops, and intermediate input use.?® The measure of agricultural productivity
I focus on at the district-level is the real yield or land productivity, measured as real output per
hectare. To construct a real measure of yield over a basket of crops, I aggregate using as a common
set of prices across districts, the average prices for each crop over the period 2004-07 in Ethiopia
(in local currency units), obtained from the Food and Agricultural Organization (FAOSTAT).

The crops with available output and land data in 1996 and 2014 are all the cereals (barley,
maize, millet, oats, rice, sorghum, teff, wheat), and legumes (such as chick peas, dry beans), seeds
(such as linseed, sesame, sunflower), spices (such as cardamon, nutmeg), fruit (such as mangoes,
papayas, pineapples), vegetables (such as chillies and peppers, garlic, kale), godere, enset, sugar
cane, avocados. While coffee has output data at the end of the panel, it does not have output data
at the beginning of the panel. Given that the relative price of coffee is high in the price data from
FAOSTAT, including coffee only in the later years in the panel, would inflate productivity gains.
As a result I exclude coffee from the yield estimates in all periods.

Next, I merge the agricultural productivity data from the AgSS (matched between the pooled
1996 and pooled 2014 periods) with the geo-coded transport cost data, summarized by the travel
times from each district centroid to the nearest major grain market, and Addis Ababa. This process
allows me to construct a balanced panel of 403 districts with both agricultural production data and
transportation cost data between the earlier and later period. Across the districts in the balanced
panel, the average yield over all crops across districts increased 4.4-fold, implying an annual average
growth rate of 9.7 percent. Over the same period the yield over grain crops increased 2.5-fold, with
an annual average growth rate of 5.9 percent.?* This is remarkable growth in real agricultural
productivity by any standard. Note, that this growth is not due to price changes since crops have
been aggregated using a common set of prices, purging the effects of any possible inflation in prices.
While productivity growth has been ubiquitous across virtually all districts the productivity gains

23The AgSS data do not report the amount of family or hired labor.

24The average economy-wide yield in each year is calculated as the ratio of the sum of (real) value of gross output
across all districts divided by the sum of corresponding land (that produces output) across all districts. The gross
growth rate is calculated as the ratio of the yield between 2014 and 1996. The growth rates in Figure 5 are calculated
similarly at the district level.
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have not been shared equally. Figure 5 shows the histogram of log- growth rates in total real output
per hectare across districts. As is clear from the figure, although almost all growth rates are positive
there is wide dispersion across districts.

2 0 2
District—Level Yield Growth 1996-2014

Figure 5: Dispersion of Real Output per Hectare Growth Rates Across Districts

C Difference-in-Differences Estimation

C.1 Pre-treatment Variation

Table 10 sorts districts into quintiles of the overall change in travel time to nearest grain market
over 1996-2014, with Q1 denoting the bottom 20 percent and ()5 the top 20 percent. There is no
systematic pattern across quintiles in 1996 in terms of their distance to the nearest grain market
(column 2) or their travel time to Addis Ababa (column 3). In addition, as reported in columns
4-6, there are also no systematic differences in terms of the outcome variables (grain yield, fertilizer
use, specialization in grains) in 1996.

Table 11 shows that there are no strong differences in the timing that districts receive new
roads. According to Panel A, the most distant districts from grain markets appear to be treated
slightly more first (by 2004) relative to the districts that are closest to the grain markets. Similarly,
according to Panel B, by 2004 districts seem to be treated fairly uniformly with respect to their
distance from Addis Ababa, with a slight tendency for the furthest districts from Addis Ababa
being treated less by 2004, and more by 2012.
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Table 10: Pre-treatment variation by intensity of treatment

1996 Values (Pre-treatment)

Quintile of Change Kilometers to  Travel Time  Grain Yield Fertilizer Use Grain Specialization
in Market Access  Grain Market to Adis Ababa (log) (No. of fields)  (Share of Output)

Q1 91.0 620.5 7.45 213 0.84
Q2 73.8 548.0 7.42 351 0.85
Q3 114.7 596.7 7.59 253 0.85
Q4 98.6 542.4 7.43 246 0.83
Q5 84.6 564.8 7.28 304 0.85

Note: To capture the intensity of treatment, districts are ordered according to their overall drop in travel time to
nearest grain market over 1992-2014. The first column denotes the quintile of the distribution of overall change in this
market access measure, with Q1 being the lowest 20 percent and Q5 the highest 20 percent. Columns 2-3 report the
1996 pre-treatment values in the market access measures that are subsequently affected by the new roads. Columns

4-6 report the 1996 pre-treatment values of the outcome measures in the difference-in-differences specification.

C.2 Difference-in-Differences Robustness

In the baseline empirical difference-in-differences results, the change in district-level market access
exploits both the change in transport costs (travel times) and the penetration of transport costs to
districts, captured by their initial specialization. Here I estimate the same specification but with
a AAccess; that captures only the change in transport costs (travel times to grain markets), but
abstracts from differences in their penetration across districts. Table 12 shows that the results in
Table 2 are robust to this alternative measure of market access.

D Estimating the Transport Elasticity

In the model, how differences in effective travel times (that encapsulate differences in road infras-
tructure) map into differences in transport costs depends crucially on the elasticity of transport
costs with respect to effective travel time. Given that this elasticity may vary across countries and
may depend on the level of infrastructure development of the country, I estimate it here for the case
of Ethiopia. To do so, I use price gaps between regional wholesale grain markets and the capital city
of Addis Ababa along with effective travel times between regional markets and Addis Ababa. In
particular, I use wholesale price data in local currency unit (birr) from the Ethiopian Grain Trade
Enterprise (EGTE) over the period March 2014 - October 2017.%° T use the reported prices for all

Zhttp://www.egte-ethiopia.com /en/in-t-market /market-statistics.html (accessed December 10, 2017).
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Table 11: Variation in timing of treatment by pre-treatment market access

Panel A:
By 1996 Distance to Grain Market

Percent of districts
first treated in year:

Quintile 2004 2008 2012
Q1 14.8 22.7 28.4
Q2 219 185 16.2
Q3 19.5 244 13.5
Q4 21.9 16.8 20.3
Q5 219 17.6 21.6

Panel B:

By 1996 Travel Time to Addis Ababa

Percent of districts
first treated in year:

Quintile 2004 2008 2012
Ql 207 235 13.5
Q2 249 126 20.3
Q3 207 202 14.9
Q4 166 27.7 135
Q5 17.2 16.0 37.8

Note: Panel A groups districts by quintile of the 1996 kilometers to nearest grain market, while Panel B groups
districts by quintile of the 1996 travel time to Addis Ababa. Columns 2-4 report the percentage of districts from a
quintile first treated by the year 2004, 2008, 2012 respectively over the total number of districts treated that year.
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Table 12: Estimated Effects of New Roads on Productivity without Penetration

Dependent Variable (in logs):
Yield  Fertilizer Use Specialization

(1) 2) (3)

(AAccess - NewRoad;) 0.089™* 0.145* 0.141*
(2.27) (1.93) (2.15)
Intercept 7.423** 4.815 -0.013
(45.75) (15.67) (-0.05)
District FE yes yes yes
Year FE yes yes yes
Observations 2299 2274 2299
Adjusted R? 0.93 0.74 0.58

Note: All columns contain estimates from OLS regressions of district log outcomes on the product of treatment
amount (extent of market access) and a time varying dummy for whether the district is treated in a particular
period, including time fixed effects, and district fixed effects in each case. The outcome variable is the average yield
over all grains in column (1), the number of fields in the district that use fertilizer in column (2), and the share of
grains output in total output in column (3). The sample is an balanced panel of districts with six different time
periods, 1996, 2004, 2006, 2008, 2010, 2012. t-statistics are in the parentheses, ***, **, and ** represent significance
at the 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.10) level respectively.
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grain crops?® and multiple times for the same crop over the same month for the same market. The
EGTE prices are reported for crops that are intended for the international market and as a result
have to be traded through the capital of Addis Ababa. To the extent that these crops are actually
transported from the regional markets to Addis Ababa, the observed price gaps are a reasonable
proxy for transport costs. To capture effective distances between the regional wholesale markets
and Addis Ababa, I use my GIS estimated travel times (effective distances) between the districts
in which those markets are located and Addis Ababa for the last year in my sample 2014.

Given that the price data start in 2014 (the last year for which I have the infrastructure data),
I focus on the cross-sectional spatial variation in prices by computing an average price across all
months for each crop in each location, including Addis Ababa. I then compute average price gaps
between Addis Ababa and each regional market by crop and estimate the elasticity of price gaps
with respect to effective travel time using the following regression,

10g <% — 1) = 60 + Bltz’meAij + e + EAAjc
J,C
where Py ./Pj. — 1 is the price gap between Addis Ababa and market j, where the —1 is due to
the fact that transport costs are greater or equal to 1. The effective travel time is times; and
the key elasticity I am after is (i, with p. capturing crop fixed effects since multiple crops are
included in the estimation. The results in Table 13 show that the sensitivity of price gaps to the
road infrastructure implied travel time between regional markets and Addis Ababa is 0.79 for all
grain crops. In the calibration of the model in Section 5, I use the estimated coefficient of 0.79 for

all grains as the elasticity parameter for mapping effective travel times into iceberg transport costs.

E Robustness of Quantitative Results

E.1 Robustness - Parameter Values

In the baseline economy I calibrated the food production elasticity parameters to those in Ethiopia,
given that the production technology in the agricultural sector in developing countries could poten-
tially be quite different from that in developed economies. However, one argument against using
factor income shares from developing countries is that the estimated shares are biased due to factor
market distortions. While my analysis explicitly considers land market frictions, I still examine the
robustness of my results to the factor elasticities. In Table 14 I show the key results of the main
quantitative experiment when I recalibrate to different income shares keeping all other data targets
as in the baseline economy. The first row repeats the results for the baseline calibration to Ethiopia.

The second row shows the results when calibrating the income shares to an advanced economy.
In the United States the share of intermediate inputs in gross agricultural output is 40 percent,
which implies a 6 of 0.6. In the model the returns to scale parameter determines the profit share

26Maize, barley by variety (mixed, white), sorghum by variety (white, red, mixed), teff by variety (red, white,
mixed), wheat by variety (mixed, white).
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Table 13: Estimates of the effect of travel time on price gaps in Ethiopia

All Grains
log-effective travel time (B\l) 0.79*
Standard error (0.43)
95% confidence interval [—0.06, 1.64]
Intercept (30) —5.75**
Standard error (2.49)
95% confidence interval [—10.72, —0.77]
Number of Observations 71
R-squared 0.18

Estimates are based on an OLS regression of log-price gaps between Addis Ababa and regional markets on log-
effective travel time between the regional market and Addis Ababa, using the 2014 road network and accounting
for the topography of the terrain. The estimation includes crop fixed effects. Statistical significance at the 10, and
5 percent levels are reflected in the exponents %, and ** respectively. Standard errors are in parentheses and 95%

confidence intervals in square brackets.

in agriculture. Using data from Statistics Canada on the agricultural value added accounts for
Canada, I compute an average share of unincorporated operator returns, and corporate profits in
gross value added in agriculture of 19.3 percent over 1996-2000.%” This implies a value for v of 0.807.
Finally, given the value of 7, I choose a to match a land income share in agriculture of 18 percent
for the United States (Valentinyi and Herrendorf, 2008). The structural transformation effects from
improving transport infrastructure are more pronounced under this alternative calibration. The
share of labor in agriculture drops by 7.7 percentage points (vs. 5.5 in the baseline economy), while
the yield and labor productivity in agriculture increase by 25.8 and 43.9 percent respectively (in
the baseline economy the corresponding changes are 14.7 and 23.4 percent).

The other rows show the sensitivity of the baseline quantitative results to individual parameter
values. In the baseline calibration the calibrated land share is 22 percent. I consider alternative land
shares of 13 and 30 percent in turn (third and fourth rows in Table 14).® The results are robust,
being slightly larger under the smaller land income share and slightly smaller under the higher land
income share. The results are also robust to reasonable variations in the extent of returns to scale
from the baseline 0.76. When the returns to scale are 0.9 (fifth row), the productivity effects of
the 2014 transport costs are larger, while they are slightly lower when the returns to scale are 0.65
(sixth row).

2Thttps://www150.statcan.ge.ca/t1/tbll/en/tv.action?pid=3210004801
28The 13 percent land share is the lower bound of estimates for Ethiopia in 2004/5 based on national accounts
data, see (Bachewe, 2012).
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Table 14: Effects of Transport Costs under Alternative Parameterizations

Model Agr. Empl. Food Yield VA per Inter. AFS GDP

Share Land Sh. Worker Input Inten. p.c.
Baseline -5.5 -11.0 14.7 23.4 0.7 6.8 22.0
Developed Economy Shares -7.7 -18.2 25.5 43.9 1.0 9.8 443
Land share of 0.13 -6.3 -12.4 16.7 27.0 0.6 7.8 247
Land share of 0.3 -4.9 -10.1 13.3 20.9 0.8 6.0 20.1
DRS of 0.9 -4.3 -14.9 20.9 28.4 0.8 53 273
DRS of 0.65 -6.3 -10.6 13.6 23.5 0.6 79 211

Notes: Each row shows the percentage changes in the counterfactual economy (with reduced transport costs) relative
to the benchmark for each model version. For variables reported in shares (agricultural employment share, food
land share, intermediate input intensity) the reported results are the absolute change in the share between the pre-
and post- transport costs change. “Baseline” refers to the main model in the text. All other rows refer to the main
quantitative experiment of the drop in transport costs in recalibrated models with alternative parameterizations.

E.2 Robustness - Extensions

I consider two extensions of the main model: (a) intermediate input use in cash crop production;
and (b) barriers to the mobility of labor across rural locations.

Intermediate Inputs in Cash Crops In the main model, only food production uses intermedi-
ate inputs, while the cash crop production technology is linear in land. Here I allow for intermediate
input use in cash crop production under constant returns to scale. In particular, the production
function for cash crops in location j is given by, y,; = (zsjésj)”xij’”‘, where z4; is the quantity of
intermediate inputs in cash crops and x < 1 is the intermediate input share. I assume that transport
costs for intermediate inputs to a given location are the same for food and cash crops. I recalibrate
this extended version of the model, to the same 1996 targets as in the benchmark calibration, under
two alternative parameterizations for x. In the first, I assume that cash crops are as intensive in the
use of intermediate inputs as food crops, (1—x) = (1—0) = 0.13. Given that food production has a
low share in the baseline model and cash crops tend to use more intermediate inputs, I also consider
a calibration where the cash intermediate input share is double that in food, (1 — k) = 0.26. Under
each calibration, I then run the same quantitative experiment of reducing transport costs to their
2014 levels. With identical intermediate input shares for the two crops, I find that the productivity
effects of lower transport costs are slightly larger, with the yield and value added per worker in
agriculture increasing by 17 and 23.9 percent respectively (vs. 14.7 and 23.4 in the baseline model).
With a higher intermediate input share for cash crops, productivity effects are amplified and the
effect on overall intermediate input use is more pronounced (increase of 2.8 percentage points vs.
0.7 in the benchmark economy).
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Table 15: Effects of Transport Costs in Model Extensions

Model Agr. Empl. Food Yield VA per Inter. AFS GDP
Share Land Sh. Worker Input Inten. p.c.
Baseline -5.5 -11.1 14.7 23.4 0.7 6.8  22.0
Interm. Inputs in Cash
k=10 -5.1 -12.0 17.0 23.9 0.7 6.4 213
(1—-kr)=2(1-0) -4.6 -13.2 20.4 24.9 2.8 5.7  20.5
Barriers to Labor Mobility
Drop in transport costs -3.2 -11.0 14.7 19.9 0.7 3.8 209
+ Drop in Barriers -5.8 -12.4 16.6 26.0 0.6 7.2 238

Notes: Each row shows the percentage changes in the counterfactual economy (with reduced transport costs) relative
to the benchmark for each model version. For variables reported in shares (agricultural employment share, food land
share, intermediate input intensity) the reported results are the absolute change in the share between the pre- and
post- transport costs change. “Baseline” refers to the main model in the text. “Interm. Inputs in Cash” refers to an
extension of the main model, in which cash crop production also features intermediate inputs. “Barriers to Labor
Mobility” refers to the extension with barriers to the mobility of labor across rural districts.

Barriers to Labor Mobility The baseline model features frictions to local land markets within
districts, as the key distortion to factor allocation. I consider here an extension of the model,
where in addition there are barriers to mobility of labor across rural districts. In particular, the
wage rate in location j is now given by, w; = &w, where {; captures the location-specific tax to
labor, and w is the non-agricultural wage rate. I assume that all generated tax revenue is rebated
lump-sum to consumers. I recalibrate the model to match the same set of 1996 targets as in the
benchmark economy. The labor mobility barriers {¢; };.7:1 are identified from differences in average
farm size across rural districts (given that land is also targeted in the calibration, this is equivalent to
targeting the labor distribution across districts). Then I run the same main quantitative experiment
of reducing transport costs to their 2014 levels. The results are reported in Table 15, row “Drop
in transport costs.” The overall effect on the yield is the same as in the baseline economy (14.7
percent), but the effect on the share of labor in agriculture is slightly lower, at 3.2 percentage point
drop (vs. 5.5 in the baseline economy). Intuitively, under imperfect labor mobility, despite the
transport costs “shock,” workers are not as free to move across space and sectors. As a result, labor
productivity increases less than in the baseline economy (19.9 vs. 23.4 percent). It is possible that
part of the measured barriers to labor mobility that rationalize the 1996 labor distribution across
space, are due to high transport costs. I consider a counterfactual experiment, where improved
roads reduce not only transport costs for goods, but also the barriers to labor mobility across space
(in proportion to the drop in intermediate input transport costs). The results of this counterfactual
are reported in row “4 Drop in Barriers” in Table 15. When labor barriers drop in addition to goods
transport costs, the productivity and structural transformation outcomes are magnified relative to
the baseline.
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F Other Model Metrics

The spatial distribution of good-specific transport costs impacts several metrics of productivity at
both the local and aggregate level. In particular, transport costs affect the labor-land ratio in food
production across incompletely specialized locations j and k,

n /by Zsji Tok <1—Mj)_

nk/gfk Zsk Tsj

In equilibrium the intensity with which farmers use intermediate inputs depends on the trans-
port costs that farmers have to pay for delivering their crops to markets 7¢; and the transport cost
involved in having intermediate inputs delivered to their farm from the urban center 7,;,

Ti/Yrj  TrkTek

Te/Yp  TEiTwj

The yield for food crops and the total yield in location j are given by,
ay 1-9
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Finally note that average farm size for each rural location is the total amount of agricultural land
in that location over the total number of (food) farm workers,
L.
AFS; = =

U
Labor productivity in rural location j is the product of the total yield and land per farmer,

Y, YL
nj  Ljn;’

G Local Labor Markets

In the baseline model, all consumption takes place in the urban center, by a representative house-
hold. T consider an extension of the model with spatially segmented local labor markets, whereby
individuals reside and consume in the location that they work in. Let N; be the total fixed popu-
lation in location j, that is taken as given. Individuals in each location have the same preferences
over food and non-agricultural goods as in the baseline model, U; = f+ log(cpj). Their labor
is inelastically supplied in the district they reside in, either in agriculture for the production of
food, or in non-agriculture. Non-agricultural production in each district takes place according to

65



the same constant returns to scale production function as in the baseline model, Y,,; = AN,;, but
with local labor in each location. Non-agricultural productivity is the same across all locations.
Note that while the individuals are immobile across space, they are mobile across sectors within
locations. Local labor market clearing, requires that within each location labor to food production
and non-agriculture exhausts total local labor, N¢; + N,,; = N;. Non-agricultural consumption in
each location is met either by local non-agricultural production or by imports from other domestic
locations, free of transport costs. Land and production units in each location are owned by the
consumers in that location. The rest of the model is the same as the baseline. In addition to the
aggregate and spatial productivity implications of changes in transport costs, analyzed in the base-
line model, this setup also has implications for the separation of sectoral and spatial reallocation,
and rural household inequality.

The model is calibrated for 1996 to the same parameters, data targets, and transportation
costs as in the baseline model. The distribution of individuals across districts is taken as given from
the baseline calibration, consisting of those working in agriculture locally and an equal number of
individuals working in non-agriculture in each location. The aggregate statistics of the calibrated
model with local labor markets are identical to those in the baseline model. I then run the same
main experiment, of reducing all transportation costs across locations and goods to their 2014
levels. The results of this experiment are presented in Table 16, second row (with the first row
repeating the baseline model results). The effects of improvements in transport costs are robust
to this alternative formulation, with slightly lower effects on productivity and slightly larger effects
on structural change. Given that individuals are now immobile across space, this imposes a limit
on how much particularly productive regions can expand their share of food production. However,
because individuals can still reallocate to non-agriculture locally, this induces somewhat stronger
structural change effects (as seen by the share of employment in agriculture and average farm
size). In addition, the lower transport costs lead to lower income inequality across previously most
and least distant districts from markets. Relative to the 1996 economy, the income gap between
these districts now narrows by 6 percent. The third and fourth row display the effects of reducing
transport costs only to Addis Ababa and only to regional grain markets respectively. Roughly, access
to Addis Ababa relies more on main national and regional roads, while rural feeder roads play a
larger role for access to grain markets. The effects on the yield and rural inequality are roughly of
equal magnitude, but the improved roads to Addis Ababa have a larger effect on intermediate input
use, while the improved roads to local grain markets have a larger effect on structural change.
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Table 16: Effects of Transport Costs with Local Labor Markets

Model Agr. Empl. Food Yield VA per Inter. AFS GDP  Narrowing
Share Land Sh. Worker Inp. Inten. p-c.  Rural Inequ.

Baseline -5.5 -11.1 14.7 23.4 0.7 6.8 22.0 -

2014 Trans. Costs -5.8 -11.6 13.7 22.7 0.9 7.3 209 0.94

2014 Addis Ababa 0.1 -4.5 7.2 7.1 0.9 0.1 7.1 0.95

2014 Grain Markets -5.8 -7.8 7.6 16.1 0.0 7.2 142 0.96

Notes: Each row shows the percentage changes in the economy with reduced transport costs relative to 1996.
For variables reported in shares (agricultural employment share, food land share, intermediate input intensity) the
numbers are the absolute changes in the shares between the pre- and post- transport costs change. “Baseline”
refers to the main model. “2014 Addis Ababa” (“2014 Grain Markets”) reduces only the transport costs to Addis
Ababa (Grain Markets), keeping the costs to grain markets (Addis Ababa) to their 1996 levels. “Narrowing Rural
Inequality” is the income gap between the most and least distant (75/25) districts, relative to the 1996 income gap.
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