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Abstract

How urbanization shapes structural change out of agriculture? To what extent this is mediated
by productivity shocks in agriculture? How transport infrastructure development can be better
designed to account for these effects? This article estimates the effects of urbanization and road
infrastructure development on the structural transformation of rural villages in Chile. Following
a market access approach derived from a spatial quantitative model of structural transformation
that is informed by the elasticities of urban market access on the population, and farm and non-
farm employment of rural villages. The results support the hypothesis of the diversification of the
rural economy that is also consistent with the intensification of agriculture. Moreover, the evidence
suggests important heterogeneous effects across rural areas, that reveal that transport infrastructure
development can be better designed to take advantages areas with better conditions for agricultural
production.

∗Soto-Dı́az: School of Economics, The University of Queensland (UQ), St. Lucia 4072, Brisbane, Australia (email:
juan.soto@uq.edu.au). Department of Geography and Environment, London School of Economics and Political Science Lon-
don, UK. Vargas: Latin American Center for Rural Development -Rimisp-, Santiago, Chile. Berdegué: Latin American Center
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...if we endow an underdeveloped country with a first-class highway network, with extensive
hydroelectric and perhaps irrigation facilities, can we be certain that industrial and agricultural
activity will expand in the wake of these improvements? Would it not be less risky and more
economical first to make sure of such activity...

Albert O. Hirschman, The Strategy of Economic Development (1958)

1 Introduction

It is widely documented that modern economic growth has been largely explained by a move of work-
ers from agriculture to more productive economic sectors (Herrendorf et al., 2014). Since the global
spread of the industrial revolution, this process of structural change has been strongly correlated with
urbanization rates, which increased living standards in urban areas (Bairoch, 1988). However, the op-
posite is not necessarily true, i.e., the extent to which urbanization induces growth and economic de-
velopment in rural areas. Features such as the economic nature of small rural economies, the exposure
of farms to exogenous climatic productivity shocks, and the different stages of development across the
geographical space, suggest the existence of important heterogeneity and nonlinearities. Nonetheless,
based on this relationship between the urban and the rural economy, over the last decades an in-
creasing number of policies in the developing world promote the creation of the so-called urban-rural
linkages, to foster trade integration, agricultural intensification, and the growth of non-farm activities in
rural areas.1 For this argument of urbanization with rural development to work, however, this would
imply that agricultural productivity is an increasing function of access to urban markets and apart
from migration to urban areas, there is a movement towards the non-agricultural sector within rural
areas in order to keep rural population growing.2

The idea behind the promotion of urban-rural linkages, therefore, relies on this argument that the net
effect of growth in urban areas in the growth and development of rural areas is positive. In other
words, that the consumption and production linkages in the form of positive and negative spillovers
from urban growth, that drive the pattern of rural-to-urban migration, employment, and productivity
in rural areas, are virtuous, on average.3 The mechanisms that define the sign and magnitude of these
geographical spillovers from urbanization, are key in the current and future design of rural develop-
ment policies (World Bank, 2008, 2009; United Nations, 2015, 2017; FAO, 2017), and therefore, crucial
to identify. Without a clear understanding of how urbanization and transport infrastructure devel-
opment connecting rural areas to cities, are actually generating economic development in rural areas,
seems problematic to foster policies that eventually would have negligible impacts (see for example,
Asher and Novosad, 2020 evaluation of the 1 billion rural roads program in India).

1For example, six points of the UN Sustainable Development Goals (United Nations, 2015) are dedicated to this topic, and
also developed in World Bank (2008) and World Bank (2009).

2Note that this growth in rural population is still seeing in the developing world. Despite growth rates, in both, urban
and rural areas has been declining over the last two decades.

3Also known as spread and backwash effects (Colby, 1933; Gaile, 1980; Hughes and Holland, 1994; Barkley et al., 1996; Chen
and Partridge, 2013), or urban-rural linkages (Berdegué et al., 2014).
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The notion that as small rural locations growth the agricultural sector will represent a lower size of
their economies, is consistent with the existing evidence showing that in rural areas there is also a pro-
cess of structural transformation out of farm activities (Reardon et al., 2001, 2009), which is underlying
increases in agricultural productivity and more aggregate trends in structural transformation. The ex-
tent to which these issues are related to urbanization, however, requires a better understanding of the
mechanisms that determine the degree of complementarity between urban and rural activities, and
agricultural and non-agricultural activities in rural areas. Notwithstanding, these hypothesis has been
challenging to test because of the lack of good data. In particular, an important limitation is that the
spatial granularity of the different mechanisms at play and data restrictions, imply that many of these
urban-to-rural spillovers are difficult to measure. To do a fair comparison, we have to define rural and
urban areas as spatial entities comparable over a long-period of time, and find data about this process
of structural transformation and the linkages between urban and rural areas that is also at this level of
spatial granularity. These features make difficult to identify the gains for rural areas from policies that
improve access to urban markets, with effects that are expected to be highly heterogeneous given the
small size of most rural economies.4

To illustrate these arguments more clearly on the data, Fig. 1 shows for Chile, our case study, the re-
lationship between the change in the share of non-agricultural employment in rural villages and the
distance to the nearest city, a measure of access to urban markets. Consistent with the arguments made
by agricultural economists (Berdegué et al., 2001; Reardon et al., 2001, 2009), the negative relationship
between urbanization and the structural transformation of the rural economy seems to hold even at
a small spatial scale. I.e, on average, as rural locations have more access to urban areas they tend to
diversify by moving away from agricultural activities. However, the figure describes a negative weak
correlation that is explained by the large heterogeneity in both, geographical location and specializa-
tion in the agricultural sector. Which have important implications for policy design on the arguments
of transport infrastructure investment and rural development.

Motivated by these facts, in this paper we estimate the effects in the growth and structural change out
of agriculture in rural villages from gains in access to urban markets derived from road infrastructure
development and urbanization. Specifically, we construct a granular spatial dataset using population
and agricultural censuses, roads networks, and remote sensing data. Then, we estimate the effects
of access to urban markets —induced by urban growth and road infrastructure development— on
the population, agricultural and non-agricultural employment, and agricultural potential (proxy of
agricultural productivity), for more than 500 rural communities/villages in Chile over 25 years. Our
results show an elasticity of market access for the population of rural communities of around 1.0 to 1.4
in our preferred estimations, and a positive significant effect in non-farm employment. These results
are robust to different specifications for market access. 5

4Such as for example the aggregate effects of integrating remote rural communities that might induce gains from trade
but at the same time depopulation. Despite that even with rural decline can be individual welfare gains of rural population
moving to cities. Even if it does in the average or it can generate welfare gains from rural to urban migrants.

5Variation in this market access variable comes from changes in urban growth and road networks.
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Notes: The figure shows the association between the logarithm of the distance to the nearest city and the change in the share
of non-farm employment for a sample of more than 500 rural villages/communities identified across the censuses of 1992
and 2017 in Chile. The distance to the nearest city is constructed computing the straight euclidean distance between each
rural village and each one of the 170 urban areas in Chile. The figure displays the local polynomial fit of the scatter plot using
an Epanechnikov kernel function with a second-order degree. Source: Own elaboration based on data from the Chilean
National Office of Statistics (INE).

Figure 1: Access to Urban Markets and Structural Change Out of Agriculture

This paper builds on the shoulders of contributions aiming to understand the causes and consequences
of spatial structural transformation (e.g., Michaels et al., 2012b), the local economic impacts of transport
infrastructure improvements (e.g., Asher and Novosad, 2020; Storeygard, 2016; Jedwab and Storey-
gard, 2022), the consequences of urbanization to spatial development (e.g., Michaels et al., 2012b), and
the long-term dynamics of economic development in rural areas (e.g., Christiaensen et al., 2013). This
paper distinguishes from these literature, however, in that this study is an effort to give a comprehen-
sive view on these topics, providing evidence on the mechanisms explaining the heterogeneity on the
effects of urbanization and transport infrastructure development on the growth and economic devel-
opment of rural areas for an emerging economy. This is important not only from a practical policy
view, but also from a theoretical perspective. Because the existing evidence is ambiguous in establish-
ing to what extent economic growth in more populated areas can also lead to spatial development, i.e.
growth and economic development in less dense areas.

This article contributes to the literature in two different ways. First, we present a framework that
allows us to understand the average and heterogeneous effects of urban growth on the economic de-
velopment of rural areas, under the assumption of spatial equilibrium á la Roback, in which variations
in population and employment of rural communities are informative of localization incentives of rural
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workers and firms that reallocates to compensate for differences in utility levels and costs across space.
In addition, a wide existing empirical evidence on the impact of cities on the growth of rural areas are
generalizations of the empirical partial adjustment models of Carlino and Mills (1987), which are usu-
ally not explicitly microfounded (e.g., Henry et al., 1999; Deller et al., 2001; Carruthers and Vias, 2005),
with only few studies distinguishing between farm and non-farm rural employment. Notwithstand-
ing, this distinction is more common in the literature on agricultural economics, where the evidence
at household level suggest a positive impact on farm and non-farm income, and the intensification of
the agricultural activity (for some recent evidence see: Binswanger-Mkhize and Savastano, 2017; Davis
et al., 2017; Vandercasteelen et al., 2018).

Second, using a market access approach and following recent advances in measuring the impact of in-
frastructure on local economic development (Donaldson and Hornbeck, 2016; Jedwab and Storeygard,
2022), we present a methodology to estimate the influence of urban markets on the economic devel-
opment of rural communities using the richness of population censuses, and remote sensing data.
Following the recent increase in the use of satellite imagery data in the contexts of unavailable or less
reliable official information (Henderson et al., 2012; Donaldson and Storeygard, 2016). In addition, this
paper takes advantages of the remote sensing data to have a clear distinction between rural and urban
areas, and in the same vein as Michaels et al. (2012b), we adopt a more disaggregated spatial unit of
analysis (community/village/locality) that leads to a better identification of the heterogeneity on the
effects of urban growth on the economic development of rural areas.6

The remainder of the paper is organized as follows. Section 2 reviews the relevant literature. Section
3 presents the model. Section 4 details the econometric specifications. Section 5 describes the data
and estimation issues. Section 6 shows the results and, finally, Section 7 summarizes main results and
concludes the paper.

2 Literature Review

The agricultural economics literature proposes multiple causal mechanisms to understand the rela-
tionship between urbanization and the economic development of rural areas.7 First, rural locations
close to and connected to a densely populated area are more likely to receive more gains of trade than
remote ones. This is because cities represent large markets for the commercialization of agricultural
goods produced in rural areas, which would raise the prices of these goods, increasing farmers prof-
its from trade (Jacoby, 2000; Donaldson and Hornbeck, 2016), and intensifying agricultural production
(Binswanger-Mkhize and Savastano, 2017; Damania et al., 2017; Davis et al., 2017). Trade between rural
communities and cities could be one of the main channels for rural economic development (Fleming

6Counties, districts, or municipalities are usually classified as rural when a large percentage of their population is living
in rural villages. However, these spatial units are not usually entirely rural. As such, researchers cannot distinguish if growth
is occurring only in rural communities, thus overestimating or underestimating the impact of urban growth on the growth
and economic development of rural communities. In this study, rural areas are defined by the census as an agglomeration of
rural villages.

7For a good critical summary on this relationship, see Wu et al. (2016).
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and Abler, 2013) and can contribute to its productive specialization, as well as to the diversification of
its economy.

The economic specialization of rural areas tends to be concentrated toward agricultural products that
require lower travel times from the production places to the market (Beckmann, 1972; Costinot and
Donaldson, 2012). This specialization could lead to higher wages in the agricultural sector, derived
from the division of labor (Yang and Liu, 2012). Nonetheless, the increasing demand for jobs in activi-
ties auxiliary to agricultural production (e.g., transportation, manufacturing, or sales) could also foster
the economic diversification of rural communities through an increase in the number of non-farm ac-
tivities (Foster and Rosenzweig, 2004). This diversification may also raise wages in the non-farm sector
(Berdegué et al., 2001). However, this is not the rule, since some workers in non-farm jobs in rural or
even urban areas may earn less than the average wage in the agricultural sector (Perloff, 1991; Lanjouw
and Lanjouw, 2001).

The increase in rural non-farm employment could have two different origins. The first is the demand
for jobs that are auxiliary to the agricultural sector due to the increasing number of non-farm activities
in growing agricultural markets (Foster and Rosenzweig, 2004). The second is the demand for jobs
in cities, which might increase the number of commuters living in rural communities and working in
cities (Renkow, 2003). Both causes are likely to be related to low-skill jobs from rural communities
in proximity to cities (So et al., 2001). Moreover, rural workers may also be working in remote cities
or highly productive extractive places by long-distance commuting; however, this would typically be
associated with medium-skill jobs or seasonal workers (Paredes et al., 2018).

The number of amenities and employment opportunities in cities could also influence the localization
incentives of rural households, causing important migration flows from rural areas to cities, which lead
to the decline of the population in rural communities (Goetz and Debertin, 2001). However, in theory,
this process may also have a positive effect on the labor productivity of the rural place of origin.8 This is
because rural-urban migration reduces the number of agricultural workers and, since the agricultural
production is subject to constant returns to scale, it increases the marginal productivity of each worker
in that agricultural area (Harris and Todaro, 1970), accompanying a process of structural change in the
economy (Alvarez-Cuadrado and Poschke, 2011; Michaels et al., 2012b). Similarly, the migration of
rural workers to cities could, at the same time, increase the amount of remittances that families in the
rural area of origin receive (Banerjee, 1984).

Another potential channel of the impact of urbanization on the development of rural communities is
the rent of land (Thunen, 1826). Rural households and landowners have access to lower consumer
prices and land rent than city residents, allowing a lower cost of living (Kurre, 2003; Loveridge and
Paredes, 2016), and consequently a higher quality of life (Roback, 1982; Deller et al., 2001), which is
also due to natural amenities such as open spaces (Klaiber and Phaneuf, 2009) or the access to services

8This holds only in theory because the empirical findings on this topic are ambiguous at this point. Some evidence of
a more rapid growth in agriculture than in the non-agriculture sector are: Griliches (1957); Rasmussen (1962); Maddison
(1980).
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that nearby cities might offer. Such price advantages in rural areas are widely exploited in urban
processes, such as the relocation of the manufacturing industry (Lonsdale and Browning, 1971) and
suburbanization (Lopez et al., 1988; Burchfield et al., 2006). The price of the land in rural locations near
cities may also be affected by these factors, leading to price increases as market access improves.

The above review suggest that the positive effects derived from the trade between rural communities
and cities may have a large spatial scope compared to the other mechanisms, which usually have a
reduced spatial scope and ambiguous outcomes (Irwin et al., 2009; Castle et al., 2011). In fact, empirical
works relating the impacts of urban growth on rural development at county or municipality level
found ambiguous results for the effect of this relationship on employment (e.g., Chen and Partridge,
2013 found a non-significant effect on employment in rural areas in China and a negative effect when
only capital districts are considered), but also identified consistent positive effects on the population
(Partridge et al., 2009). However, these results have to be carefully interpreted due to aggregation
in their units of analysis (Briant et al., 2010). On the other hand, evidence at the household level
indicates a positive association between market access and rural wages in the farm and non-farm sector
(Binswanger-Mkhize et al., 2016). Therefore, this article uses a market access approach on measuring
and understanding the role of urbanization and transport infrastructure development in the growth
and structural transformation of rural communities.

3 Theory

The idea that access to urban markets is associated with a process of structural change out of agri-
culture in rural areas seems to be supported in Fig. 1 for the case study, but also suggest important
heterogeneity. These facts are consistent with a Ricardian world in which different locations trade
based on comparative advantages but are also affected by exogenous productivity shocks as driving
technological differences and inducing the observed heterogeneity. With population and employment
growing accordingly to this and respective migration frictions. Consequently, to inform our empirical
analysis, we rely on a canonical new Ricardian trade model that builds over Eaton and Kortum (2002),
and follows closely the work of Donaldson (2018) and Donaldson and Hornbeck (2016). The model
will describe theoretically the mechanisms and provide a simple guide to the empirical identification.

3.1 Model Environment

The intuition of the model is that changes in urbanization and transport infrastructure development
are captured by a market access effect. An increase in market access would generate a positive demand
shock in a discrete number of locations that will move activities from a basic food sector producing a
homogeneous non-tradable good, towards a tradable manufacturing sector producing a continuum of
differentiated varieties. There is no a priory discrete distinction between rural and urban areas. The
conceptual difference between both is that cities are large locations more specialized in the production
of a wide range of manufacturing varieties, while rural areas are small locations that rely more on
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the production of a non-tradable food sector.9 Then, structural transformation will imply a move of
workers towards the production of manufacturing varieties, which for the case of rural areas can also
be thought as agricultural products with more value added or less complex manufacturing goods
than those produced in cities.10 The idea is that as small rural locations get more connected to large
agglomerations, this increase in market access would imply that they would start to rely more on the
production and trade of manufacturing varieties.11

On the other hand, the heterogeneous effects of market access among different locations are explained
by exogenous productivity shocks. These shocks would determine the degree of specialization in the
tradable manufactured good, and therefore affect the pattern of structural transformation induced by
an increase in market access. Changes in market access would also affect technological adaptation in
each location. These effects would induce a complementarity between productivity shocks and market
access that is consistent with existing evidence documenting heterogeneous effects of transportation
infrastructure investments and a growing literature on the effects of climate change in rural areas
and agricultural production (Barwick et al., 2021).12 The final equilibrium in rural areas would be
determined by the relative strength of each one of these forces.

3.2 Demand

Let assume a small open economy consisting of a discrete number of locations = indexed by an origin i
and a destination j. Preferences for a representative individual in a given destination j are represented
by

Uj = njCδ
j F1−δ

j (1)

9This form of modelling structural transformation in rural areas is flexible enough to be consistent with situations in
which the move from farm to non-farm employment might happen in activities that are related with the agricultural sector
but rely more on some manufacturing processing, or activities related to the distribution and commercialization of those
manufactured agricultural goods. These activities have shown to be important for rural economic development (Reardon
et al., 2001, 2009).

10As in Eaton and Kortum (2002), the specific goods that are traded are not relevant to the model. This is because one of the
features of working with an stochastic component of productivity imply that all the adjustments are through the extensive
margin of trade, given that the conditional distribution of prices are going to be equal to its unconditional distribution
disregarding the origin location of those traded goods. In our context, this imply that smaller rural locations would have
lower productivity and a smaller number of varieties produced there. However, more recently, Moneke (2020) worked a three
sector model extension of Michaels et al. (2012a) to make more clear the distinctive patterns of structural transformation by
understanding better the complementarity/substitution between sectors.

11For our purposes there is no much gain in distinguishing a priory between rural and urban locations in a discrete form,
although we made this separation in the empirics. As described in Donaldson and Hornbeck (2016), the distinction between
rural and urban locations would lead to four different types of isomorphic market access measures that are empirically
equivalent to the derived in this model. Therefore, to preserve parsimony in the theory, we instead consider that rural areas
are locations less specialized in the production of manufacturing varieties, while urban areas are places more specialized in
the production of a large variety of complex manufacturing tradable goods. In consequence, structural transformation in this
paper is the transition towards a larger share of the workforce specialized in these complex tradable goods. This is consistent
with our empirics in which we are particularly interested in small communities/villages that move from farm to non-farm
employment due to increases in access to large markets.

12These ideas are also consistent with Gollin et al. (2016) and recent insights from the work of Vandercasteelen et al. (2018)
and Damania et al. (2017) on the role of cities in agricultural intensification and transformation. These models summarize a
large body of literature on structural change and agriculture (see Herrendorf et al., 2014 for a detailed survey).

8



where δ, ∈ (0, 1). The terms Cj and Fj describe the amount of consumption of a composite manu-
facturing and an homogeneous agricultural good respectively. nj is an exogenous preference shifter
representing local amenities. Individuals maximize their utility subject to a budget constraint given by
PjCj + Fj = Yj, where the agricultural good is the numeraire. In consequence, the optimal demand for
the agricultural good is (1− δ)Yj and the share of income spent in the composite good is δYj, which is

allocated according to the following CES preferences, Cj =
(
∑i∈=

∫
Ω cij(ω)ρdω

) 1
ρ . Consequently, the

demand for varieties of the composite good is given by cj(ω) = pj(ω)−σδYjPσ−1
j , where pj(ω) is the

price of a variety ω, and Pj is the Dixit-Stiglitz price index, defined by

Pj ≡
(

∑
i∈=

∫
Ωi

pij(ω)1−σdω

) 1
1−σ

(2)

where Ωj is the set of varieties available in location j. Then, total welfare in location j is Uj = Yj/Pδ
j ,

and the real wage can also be expressed as wj = Wj/Pδ
j , where Wj is the nominal wage. The total value

of composite goods traded between origin i and destination j is Xij = pj(ω)cj(ω), which given the
CES demand for varieties of the composite good, is equivalent to

Xij = pij(ω)1−σδYjPσ−1
j (3)

while the trade of the agricultural good is given by the demand for this good from the optimization
problem, i.e. Fj = (1− δ)Yj.

3.3 Supply

On the supply side, it is assumed that the production of the homogeneous agricultural good is un-
der perfect competition and constant returns to scale, with a Cobb-Douglas technology Fj = AjL1−α

j ,
α ∈ 0, 1, in which the farmer produce one unit of Fj with one unit of labor LF

j . For the case of the
manufactured good, the price of a manufactured variety ω produced at origin location i and sell it in
destination j, is

pij(ω) =
ci

zi(ω)
τij (4)

where ci is the unit cost measured in terms of labour, τij are “iceberg” transport costs, and zi(ω) are
productivity independently draws from a Frechet distribution. The ”iceberg” trade cost for the manu-
facturing varieties of selling each good from an origin i to a given destination location j, implies that
τij > 1 units of the good must be send to reach one unit at the destination, τii = 1 ∀ i ∈ =, and it is
assumed that the no arbitrage condition holds, i.e. ∀ i, j, k ∈ = : τijτjk ≥ τik. Additionally, consumers
only purchase from the location with the lowest price, which implies that

pj(ω) ≡ min
i∈=

pij(ω) = min
i∈=

ci

zi(ω)
τij (5)
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where the cumulative distribution that characterizes the productivity in each location is Fi(z) ≡ Pr{zi(ω)

≤ z}, which is assumed to be Fréchet, so ∀ z ≥ 0, Fi(z) = exp{−Tiz−θ}, where Ti is a measure of
aggregate productivity in the location, and θ is assumed constant across locations. An intuitive inter-
pretation of this function, is that the scale parameter of the Fréchet distribution Ti is measuring the
local comparative advantage, while the dispersion parameter θ, measure the gains from trade on those
goods. To the extent that θ is lower, i.e. a lower dispersion of the distribution, greater the gains from
trading those goods. The idea is that any exogenous productivity shock in location i is captured by
Ti, while transport infrastructure improvements would make the trading of those goods easier, which
would imply a lower θ.

3.4 Equilibrium

The model is solved by following a probabilistic formulation. Where the probability that a location i ∈
= offer to a location j ∈ = a particular good ω ∈ Ω for a particular price less than p, i.e. Pr{pij(ω) ≤ p},
is

Gij(p) ≡ 1− exp{−Ti

(
ci

p
τij

)−θ

}

Equivalently, the probability that a location j ∈ = pays for a good ω ∈ Ω, a price less than p, i.e.
Pr{pj(ω) ≤ p}, considering that consumers in location j only buys from the least cost location, is
Gj(p) = 1 − exp{−pθΦj}, where Φj ≡ ∑i∈= Ti(ciτi)

−θ , which is the distribution of prices of each
variety for a destination j. Then, considering these conditions, the equilibrium price index Pj in location
j ∈ = is

Pj = C

(
∑
i∈=

Ti(ciτij)
−θ

)− 1
θ

⇐⇒ P−θ
j Cθ = ∑

i∈=
Ti(ciτij)

−θ = Φj (6)

where C ≡ Γ
(

θ+1−σ
θ

) 1
1−σ and Γ(t) ≡

∫ ∞
0 xt−1e−xdx. A remarkable property of this price index, is that

is not only dependent on the bilateral trade between an origin i and destination location j, but also
depends on all the other locations, as the sum over i ∈ = indicates. This implies that the cost of those
traded goods is not only dependent on the technology productivity draws Ti in each location, but is
lower as the distance —or transport costs— to all other locations is low τij, or equivalently, as the wages
are low (given that perfect competition implies wi = ci). This useful feature will be important to derive
an empirical measure of the market access variable that captures these multilateral trade frictions, as
in Anderson and van Wincoop (2003).

3.5 Trade

Bilateral trade on the composite good between two pair of locations would be determined by the
probability that a particular location i ∈ =would be the least cost provider of a good ω to a destination
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j ∈ =, which is equal to the fraction of goods i sells to j, i.e.,

πij =
Ti(ciτij)

−θ

Φj

or equivalently, the proportion of goods that j ∈ = buys from i ∈ =. The intuition behind this re-
markable feature of this model, is that bilateral trade between an origin i and destination j would
depend in a source of absolute advantage in technology Ti, and local comparative advantages given
by marginal costs ci and bilateral distance τij, relative to all other locations measured in the denomi-
nator as Φj ≡ ∑i∈= Ti(ciτi)

−θ . Where high values on these two sources of comparative advantages are
penalized by θ. Due that θ is capturing the dispersion of the Fréchet distribution, it governs the role of
comparative advantages, which imply that low penalties on θ (or equivalently low trade costs) would
lead to a higher probability of trade between the pair of locations ij. Given the Fréchet distribution,
this is also equal to the proportion of income that consumers in j spend on manufacturing goods from
location i, specifically Λij ≡ xij/δYj. In consequence, we can write the trade of manufacturing varieties
that a destination location j spent in goods from an origin i as

Xij = πijδEj =
Ti(ciτi)

−θ

Φj
δEj = C−θτ−θ

ij w−θ
i TiPθ

j δEj

where Φj ≡ ∑i∈= Ti(ciτi)
−θ , and using the fact that these goods are produced under perfect competi-

tion, i.e. ci = wi.13 This equation is also known as the Eaton-Kortum gravity equation, in this case for
the manufacturing good.

3.5.1 Market Access

In general equilibrium, it would be the case that the value of goods purchased by a location i is equal
to the income that consumers spent on that good, i.e., δYj = ∑i∈= Xij. In consequence and assum-
ing that the income received at the sourcing location i has to be equal to the expenditure spent in
destination location j, i.e., Yi = Ej. The Eaton-Kortum gravity equation can be expressed as P−θ

j =

C−θ ∑i∈= Tiw−θ
i τ−θ

ij ≡ CMAj, which is defined as consumer market access, as in Donaldson and Horn-
beck (2016). Substituting the consumer market access into the Eaton-Kortum gravity equation and
assuming that goods markets clear, implies

δYi = C−θTiw−θ
i ∑

j∈=
τ−θ

ij CMA−1
j δYi ⇐⇒ δYi = C−θTiw−θ

i FMAj (7)

where FMAj ≡ ∑j∈= τ−θ
ij CMA−1

j δYi is the firm market access in destination location j ∈ =. Under
spatial equilibrium, workers perfectly mobile across locations equalize utility in space, which implies

13This is thanks to the convenient feature of the model, although strong, that Xij/Xj = πij.
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that real wages are also equalized across locations, i.e., U = wi
Pi

=
wj
Pj

.14 In consequence, by substituting

the nominal wage wi in Eqn. 18, we obtain δYi = C−θTiU
−θCMAjFMAj. Assuming symmetric trans-

port τij = τji, and that firm and consumer market access satisfy a proportionality condition defined as
MAi ≡ FMAi = ρCMAi ∀i ∈ =, with ρ > 0. Which implies that FMAi ≡ ∑j∈= τ−θ

ij CMA−1
j δYi ⇐⇒

MAi = ∑j∈= τ−θ
ij ρMA−1

j wiNi, where δYi = wiNi. Substituting wi = UPi = U (CMAi)
− 1

θ = Uρ
1
θ MA−

1
θ

i ,
yields

MAi = ∑
j∈=

τ−θ
ij ρMA−1

j

(
Uρ

1
θ MA−

1
θ

i

)
Ni ⇐⇒ MAj = Uρ

1+θ
θ ∑

j∈=
τ−θ

ij MA−
(1+θ)

θ
i Ni (8)

which is a convenient expression for the market access that can be directly approximately with avail-
able data.

3.6 Predictions

The model establishes a direct mapping between market access and local population and sectoral em-
ployment for each location. To yield more convenient expressions for this relationship, we assume
labor market clearing δYi = δwiLi, together with the condition that wi = UPi = U (CMAi)

− 1
θ , which

allows us to formulate the following predictions to be taken to the data.

3.6.1 Market Access and Population/Employment

Market access increases local population. These effects are mediated by exogenous productivity shocks
and changes in non-farm employment. Solving for the total number of workers (population) Ni and
taking the logs gives

log Ni = k2 +

(
θ

1− 2θ

)
log Ti +

(
2− θ

θ

)
log MAj +

(
θ + 1

2θ − 1

)
log LC

i (9)

where k2 = log
(

C
θ2−θ−1

2θ−1 U
θ(θ−3)
2θ−1 ρ

θ(θ−1)+(2θ−1)(1+θ)
θ(2θ−1)

)
. Note here that Ti, MAj and LC

i are interrelated by the

parameter θ. Each coefficient latter estimated in regression would be a proportion of θ. The condition
for a positive effect of the market access is that θ < 2.

3.6.2 Market Access and Non-Farm Employment

Market access increases non-farm employment. Labor market clearing and spatial equilibrium implies

LC
i = C−θTiU

−θCMAjFMAjw−1
i ⇐⇒ LC

i = C−θTiU
1−θCMA

θ−1
θ

j FMAj

14Note that the assumption of spatial equilibrium is only used here at the end avoid the necessity to observe wages in the
data. However, we also show results using nominal wages to see the robustness of this result to this assumption.
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where δLi = LC is the labor in the manufacturing sector. Using Eqn. 22 and taking the logs gives the
equation of the manufacturing employment

log LC
i = k1 + log Ti +

(
2θ − 1

θ

)
log MAj (10)

where k1 = log
(

C−θU1−θ
ρ

1−θ
θ

)
. Here the condition for a positive effect of the market access is θ > 1/2.

3.6.3 Market Access, Productivity Shocks, and Structural Transformation

Substituting Eqn. 22 in Eqn. 23 yields

LC
i = C−θTiU

1−θ
ρ

1−θ
θ

(
Uρ

1+θ
θ ∑

j∈=
τ−θ

ij MA−
(1+θ)

θ
i Ni

) 2θ−1
θ

Then, with the proportionality condition MAi ≡ FMAi = ρCMAi we can express Eqn. 21 as

LC
i = C−θTiU

1−θ
(

ρ−1MAj

) θ−1
θ MAj ⇐⇒ LC

i = C−θTiU
1−θ

ρ
1−θ

θ MA
2θ−1

θ
j (11)

Market access induces structural transformation but these changes are mediated by the exogenous
productivity shocks. Which also can be expressed as employment share in manufacturing, as

log

(
LC

i
Ni

)
= k3 +

(
θ

θ + 1

)
log Ti +

(
2(θ − 2)(θ − 1

2 )

θ(θ + 1)

)
log MAj (12)

where k3 = log
(

C−
θ2

θ+1 U
−θ2−3θ

θ+1 ρ
θ(θ−1)+(2θ−1)(1+θ)

θ(θ+1)

)
. As in the previous case, in this equation productivity

shocks Ti and changes in market access MAj, would have proportional effects on the structural trans-
formation of each location, a complementarity that is mediated by transportation costs θ. At this point
a θ in the interval (0.5, 2) is consistent with the idea of spatial development, in the sense that market
access will lead to increases in population but also structural transformation. Therefore, identifying θ

would be key in the empirical strategy.

4 Empirics

4.1 Data

4.1.1 Rural Communities/Villages

We use data from the Chilean censuses of population and housing of 1992, 2002 and 2017 (INE). The
Chilean statistical office defines a rural community/village as any spatial entity with less than 3,000
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inhabitants.15 We select all those rural communities defined in 1992 with a population greater than
100 inhabitants for a total of 536 observations in each year.16 This corresponds to approximately one
third of the total number of rural communities in the census of 1992 (see Table A5.1 for summary
statistics of the sample and Figure A5.2 shows the spatial distribution of rural communities and cities
in the country). Overall, the changes across census years of the main variables are reported in Figure 2.
Changes in population are mainly observed for the last census of 2017, as well as overall employment.
Notwithstanding, non-farm employment in rural communities has been regularly increasing over the
census years. Overall farm employment, on the other hand, has decreased between 1992 and 2002, but
remains relatively stable between 2002 and 2017.

4.1.2 Roads

In order to properly compute the market access variable for each year, we use road network for each
year of the census. The road network for Chile, however, is only available since 2011. Thus, we digitize
information of the road network from previous years from the Ministry of Public Infrastructure (MOP),
which are publicly available for years close to census periods (2003, 1999, 1986 and 1980). To have
information for the specific census years, we complement this information using satellite images. To
compute the least-cost route, we use the “fast-marching method”, an algorithm introduced for the
same purposes in Allen and Arkolakis (2014), and designed by Sethian (1996).

4.1.3 Urban Growth

For a proxy of the economic activity in cities, we use stable satellite nighttime light data, from the
NASA Operational Line Scan Defense Meteorological Satellite Program (OLS-DMSP).17 In the absence
of economic data, the nighttime light satellite data was considered a good proxy of economic activity
of the subnational units when used appropriately (Chen and Nordhaus, 2011; Henderson et al., 2012;
Donaldson and Storeygard, 2016).18 We process the nighttime light satellite images at one kilometer of
spatial resolution for 1992, 2002, and 2017. For each year, we compute the sum of the nighttime light
contained within the official urban boundaries defined for the census of 2002 and for areas consider-
ing buffers of 2km from the urban boundaries (for similar applications, see Binswanger-Mkhize and
Savastano 2017; Henderson et al. 2017).19 Fig. 3 compares the urban growth using nighttime lights

15This definition was established in 1992. Since 2002, a rural community is defined a spatial entity with less than 5,000
inhabitants and more than 35% of the labor force working in the agricultural sector. A rural community can be very hetero-
geneous, and can be a: Town, which is defined as a place between 1,000 and 5,000 inhabitants, or composed by more than
250 houses. It also can be an Aldea, which is a place between 300 and 1,000 inhabitants, or between 75 to 250 houses, without
considering autonomous indigenous localities or agriculture communities. Also it can be a Caserio, which are places with
less than 300 inhabitants. Within the category of places with less than 300 inhabitants, there can be mining campaments,
a ranch, small human settlements withing agricultural land, or indigenous communities. These categories and the form of
georeferencing these places is documented in INE (1995), INE (2005), and Carvajal et al. (2012).

16We also perform robustness checks of our estimations modifying this threshold.
17Chile, as many developing countries, does not provide data on the economic activity at city level.
18Some other applications are those of Beakley and Lin (2012); Michalopoulos and Papaioannou (2014); Storeygard (2016);

Axbard (2016); Pinkovsky and Sala-Martin (2016); Henderson et al. (2017)
19We also perform robustness checks to buffers of 5, 10 and 15km from the urban boundaries.
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The figure shows the kernel (epanechnikov) density graphs for the log of population, employment, farm employment and
non-farm employment in rural communities for 1992, 2002 and 2017.

Figure 2: Changes in Population and Employment in Rural Communities

between 1992, 2002 and 2013 (from left to right), near the metropolitan area of Santiago de Chile.20

Rural communities are represented by red points. The black lines are the census urban boundaries at
2002, and nighttime light intensity is represented by a color scale from dark-blue (low values) to light
yellow (high values).

The literature on remote sensing had identified two main problems related with the use of nighttime
light data, namely the “blooming” and “saturation” effects (Imhoff et al., 1997). These effects are
distortions in the satellite image due to the high intensity of light is some places. A simple analogy
would be taking a photography with a source of light just in front of the camera. This would cause a
saturation on the values of pixels from the direct source of light (saturation effect) and a light blurring
to other pixels in the image (blooming effect). The main problem for our purposes is the blooming
effect, due that overestimate the size of urban areas and, consequently, the sum of lights from cities.
This is a problem that, until recent years, had been scarcely accounted for in the applied economics

20Time-series comparison on satellite nighttime lights only allows reliables comparisons between 1992 and 2013 after the
calibrations that we implemented.
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The figure describes the spatial distribution of rural communities (red points) near the metropolitan area of Santiago de
Chile. Panel a) shows the image for 1992, panel b) for 2002 and panel c) for 2013. Urban boundaries (in black) are the official
boundaries for the national census of 2002. The economic activity of urban areas was approximated for each year using
nighttime light. Nighttime light intensity goes from zero (in dark-blue) to 63 (in light-yellow) and has a spatial resolution of
one pixel per kilometer.

Figure 3: Urban Growth and Rural Communities

literature using nighttime light data (Abrahams et al., 2018). Hence, we clean nighttime lights images
following remote sensing literature, specifically Su et al. (2015).21 The basic idea of this cleaning process
is that allow us to identify thresholds in the distribution of nighttime lights and extract built-up urban
areas.

Fig. A5.6 describes the spatial distribution of rural communities near the metropolitan area of Santiago
de Chile and the cleaning process of nighttime lights for 2002. Rural communities are represented by
red points that correspond to the centroid of the area. The black lines represent the urban boundaries in
2002. The nighttime light information of each pixel is represented by a color scale from dark-blue (low
values) to light yellow (high values). The maximum nighttime light intensity is 63 and the minimum
nighttime light intensity is 0. The image on the left displays nighttime lights without blooming correc-
tion and the image on the right is corrected. White lines are used to represent the urban buffers of 2, 5,
10 and 15km from the urban boundaries. Since rural communities do not have boundaries delineating
their areas, the sum of the nighttime light cannot be accurately computed for rural communities.22 The
distances between rural communities and cities were computed using the Euclidean distance between
the centroids of rural communities and the centroids of cities.

21See Abrahams et al. (2018) for a more recent approach.
22We also extract the value of the pixel interpolated with surrounding pixels. This reaches an area of approximately two

square kilometers (for a similar computation of interpolated values of satellite images, see Nunn and Puga, 2012). How-
ever, only 99 rural communities had nighttime light information in 1992 mainly due to the low access to electricity in rural
communities during that census.
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4.1.4 Agricultural Productivity

We follow recent studies that use remote sensing data to measure the agricultural potential of farms
by computing vegetation indices (Costinot and Donaldson, 2012; Donaldson and Storeygard, 2016;
Costinot et al., 2016; Costinot and Donaldson, 2016; Burke and Lobell, 2017). Since true agricultural
productivity is unobserved, both survey-based methods and remote sensing indicators represent lim-
ited but informative approximations of the agricultural productivity of farms (Burke and Lobell, 2017).
Specifically, we use NASA’s Landsat-5 and Lansat-7 satellite data to compute the vegetation indices.
We compute three different vegetation indices for robustness check, namely the Normalized Differ-
ence Vegetation Index (NDVI), Enhanced Vegetation Index (EVI), and Green Chlorophyll Vegetation
Index (GCVI), as proxies of the agricultural potential in rural villages.23 Due to the satellite coverage
of the NASA Landsat-5, these indices cannot be computed for the entire country for almost the entire
duration of the 1990s.

The figure describes the agricultural potential near the metropolitan area of Santiago de Chile in 2015. Agricultural potential
is represented with the GCVI, with a spatial resolution of 500 meters per pixel using data from the NASA Landsat-7. Panel
a) shows the overall hinterland of the city of Santiago, where high values of the GCVI are displayed with more intense blue
colors. Panel b) displays a zoomed image of the hinterland of the city, in which rural communities are represented by a red
circle.

Figure 4: Cities and Agricultural Productivity

Consequently, we estimate the elasticities of market access for only 189 rural communities that have

23We describe in the Figure A8 the correlation between the vegetation index proxy of agricultural potential and the ob-
served agricultural productivity using the agricultural census at 2007 at municipality level.
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this information. The three vegetation indices differ in the spectral bands of the sensors of the satellite
used for their computations, the GCVI being the most accurate to capture the agricultural productivity
of farms (for a detailed discussion of applicability of these indices for similar purposes, see Burke and
Lobell, 2017).24 A cloud-free annual median of each pixel at 30 meters of spatial resolution was used
for each year to compute the vegetation indices using Google Earth Engine (Gorelick et al., 2017). Sub-
sequently, the resulting raster images of the vegetation indices averaged to a spatial resolution of 500
meters per pixel were processed in Google Earth Engine platform and interpolated with surrounding
pixels to impute a value of agricultural productivity considering a representative area of one square
kilometer. Fig. 4 shows the GCVI index for 2015 in the hinterland of the metropolitan area of Santiago
de Chile.

4.2 From Theory to Estimation

The following equations came as a first-order approximations to the gravity model presented in the
previous section.

4.2.1 Market Access

Prices and productivity in rural areas are rarely observed for a large number of rural locations, goods,
and services. However, as specified in the theoretical section, we assume that market access captures
those effects described in the model conditional on location specific fixed effects interacted with time
dummies. Empirically, the influence of urban market access on the outcomes of rural areas is given by
k cities influencing nearby rural communities through potential demand. Market access is a measure
that captures this potential demand. The market access of a rural community c, located at a distance
dc,k from a city with Ck income, is given by

MAct = ∑
k

Ckte−θdck (13)

where θ is a parameter that defines the shape of the distance discount over Ckt. This specific empirical
approximation to the market access can be found in Hanson (2005). This imposes a negative exponen-
tial functional form structure to the variable.25 The market access variable, is computed using stable
satellite nighttime lights to approximate the values of Ckt, and the road distance between the centroids
of rural communities and cities were used to compute dck. Since we are interested in estimating the
impact of cities on the growth and development on rural areas, our relevant measure is the access to
urban markets for each rural community/village.

24The NDVI is computed as NDVI = (NIR− Red)/(NIR + Red), EVI is computed as EVI = 2.5 ∗ (NIR− red)/(NIR +
6 ∗ Red + 7 ∗ Blue + 1), and GCVI as GCVI = (NIR/Green) − 1, where NIR is the Near Infrared Band and each color
represents a different wavelength band of the satellite sensors.

25Which implies a faster decay rate of nighttime lights with distance in comparison to the polynomial functional form
frequently used (Harris, 1954). This decay rate is more intensified when the distance variable is to the power of 2.
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Additionally, we are aware that the values of θ could affect the estimated elasticity of market access.
Therefore, we follow a different approach to observe how the elasticity of market access can be affected
by different values of θ, since we do not have precise information on transportation costs and flows
of goods between rural communities and cities to an appropriate estimation of θ. Consequently, we
operate under three different scenarios to check the robustness of our estimations. The estimation
of θ is important because this parameter summarize trade relations that are implicit in the market
access equation (Donaldson and Hornbeck, 2016; Donaldson, 2018). And our different scenarios give
an insight on how much of the variation in θ can influence the market access elasticities of population
and employment.26

Under the first scenario, we compute market access following an approximation of Harris (1954). This
is the baseline scenario, as the case in which θ = 1 and the square of dj,k is used, which is also the most
widely used empirical approximation for market access. For the second scenario, we rely on the liter-
ature on planning and transportation, based on the early works of Carrothers (1956), Hansen (1959),
and Weibull (1976) and recently used for similar applications in agricultural economics by Binswanger-
Mkhize et al. (2016) and Binswanger-Mkhize and Savastano (2017). In this scenario, we use a standard
negative exponential distance decay function, in which θ = 1/2a2 and the square of dj,k is used, where
a is a parameter that represents the distance to the point of inflection of the distance decay function.
We estimate it by using a representative value for a = 50 and a = 100, as in Binswanger-Mkhize et al.
(2016).

Therefore, in addition we estimate parameter θ of the market access function adjusted by using three
different distance decay functions according to the size of cities (a similar approach has been explored
by Halas et al., 2014).27 This allows us to account for the fact that the spatial distribution of medium-
and small-sized cities is more spread and easier to access by the population of rural communities,
together with the fact that large cities are usually more concentrated in some areas and have less spatial
scope over the entire spatial distribution of rural communities.28

4.2.2 Market Access and Rural Population and Employment Growth

From Eqn. 9, we can derived an empirical approximation as:

ln Yct = β ln MA
(
Ck, dck, θ̂

)
ct + δm + δt + δmt + f (xc, yc) + εct (14)

where Yct = is population, employment (farm and non-farm) in rural community j in year t, MAct =

access to urban markets of the rural community j in year t, MAct = ∑k Ckte−θdc,k , δm = municipality

26Usually, this parameter is estimated using trade flows, but in this case we assume that the structure of the trade re-
lationship depends on the outcome in the destination locality (Donaldson, 2018). Therefore, the parameter that describe
contemporaneous population is the similar to the parameter that describe flows (Donaldson and Hornbeck, 2016).

27This mimic the approach of computing different θ for different transport modes with the distinction that here we assume
that transport infrastructure might vary depending on the size of cities. Considering that usually better infrastructure is
founded to access to larger cities.

28This stylized fact can be inferred from Fig. A5.2 and Fig. A5.8, and confirmed in Fig. 5 for the case of study.
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The figure shows the market access predictions for population, total employment, farm and non-farm employment by city-
size at 1992 using non-linear least squares. The estimated parameters of these distance decay functions were used to construct
the city-size adjusted market access variable. In all cases, there are larger effects of medium-sized cities (the red line) over
rural population and employment. These effects are because the aggregate wealth of medium-sized cities is larger and they
are more equally distributed in space, having a larger spatial scope of their positive effects, compared to big or small-sized
cities.

Figure 5: Market Access Functions Adjusted by City-Size

fixed effect, δt = year fixed effect, δmt = municipality-year fixed effect, f (xc, yc) = cubic polynomial in
latitude and longitude of the rural community. Standard errors are clustered at the rural community
level. Due that the effects of urban growth on the population and employment of rural communities
would take time to manifest, we estimates these equations using a one-year lagged market access
variable. There are demographic and cultural factors such as social norms, as well as other externalities
affecting local population. If these are specific to municipalities, then the time by municipality fixed
effects can capture those effects.

According to our framework, the effects of market access on farm and non-farm employment may be
associated with two main mechanisms: the demand for agricultural goods and changes in agricultural
productivity. Both of these mechanisms are captured by market access. On one hand, a higher access
to urban markets is associated with a higher demand for agricultural products and, consequently, a
higher employment in the farm sector and also in the non-farm sector but in activities auxiliary to
agriculture, such as the commerce and transportation of agricultural goods. On the other hand, rural
communities with better connectivity to cities may have more access to technology for agricultural
production. This would increase the agricultural productivity of these rural communities, diminishing
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the price of agricultural goods in relation to manufactured goods, leading to a movement of workers
from the farm to the non-farm sector. However, even in this scenario, is likely that some non-farm
jobs would be in activities that are auxiliary to agriculture. Location specific fixed effects interacted
with year dummies would take variation caused by local differences in technology and prices and left
the variation that is induced due to economic growth in cities and improvements in access to urban
markets.

The effects of market access on non-farm employment of rural communities may also impact activities
not related to agricultural production. For example, if the opportunity cost of producing agricultural
goods is higher in the hinterland of cities due to the reallocation of some urban activities such as
manufacturing production, this would lead to an increase in the employment of rural communities in
the non-farm sector in activities not necessarily related to agricultural production. However, this effect
is likely to be found only in the hinterland of cities. This implies that if prices and productivity of the
non-tradable sector increases more than prices and productivity in the farm sector, which is in theory
expected as higher the market access, then the impact in the farm employment would be negative.29

However, in the case of the non-farm employment, the effect of the size of the non-tradable sector has
a major weight masking negative effects in the tradable sector.

From our setting and assuming that workers are indifferent to working in either sector and have free
mobility, the farm employment of a rural community j depend on the way farm and non-farm workers
substitute agricultural and manufactured goods. If the demand for agricultural goods is inelastic (as
suggested by Tobin, 1950; Tolley et al., 1969; Van-Driel et al., 1997), any improvement in agricultural
productivity could induce a movement of farm workers to the non-farm sector since an increase in
agricultural productivity decreases the price of the agricultural good. However, since a proportion
of non-farm employment is generated in rural communities, this migration from the farm to the non-
farm sector does not always imply a reduction in the total employment level of the rural community.
This allows for the possibility that the diversification of the employment in rural communities could
also generate growth in total population and offset the decline in the farm employment. This also is
consistent with the literature of agricultural intensification and can allow rural growth with structural
change, or a decline in rural growth if the increase in the non-farm sector do not offset the decrease in
the farm-employment.

The population of rural communities, is an important indicator of their development and also deter-
mines total employment (Carlino and Mills, 1987; Henry et al., 1999; Partridge and Rickman, 2003;
Hoogstra et al., 2011; Chen and Partridge, 2013; Olfert et al., 2014), considering both the number of
workers in the farm and non-farm sector. Despite the migration effects of workers to cities, on aver-
age, this may be offset by the benefits of higher market access. From our setting, the expected effect
of market access on the non-farm employment of rural communities is positive and if this offset any

29Empirically we do not observe prices and productivity for each rural community and time, however it is an, arguably,
plausibly assumption that productivity and prices in the agricultural sector are lower than in the non-tradable and tradable
non-agricultural sector.
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decline in the farm employment in these communities, a positive effect would be expected for the pop-
ulation of these communities. An increase in the non-farm employment, however, may also induce
a decrease in the farm employment. Notwithstanding, this only would affect negatively the average
population of rural communities if this migration is to urban areas.

However, only rural communities that are very close to cities are likely to be affected by both of these
factors. Following a similar approach as Donaldson and Hornbeck (2016), we account for this issue
by constructing buffers/polygons of 10 and 15 kilometers from the boundaries of cities and select
those rural communities outside these areas. Farther away from these thresholds, the average effect of
market access on the population and farm and non-farm employment of rural communities is expected
to be positive. Moreover, we also estimate the results with and without small rural communities to
observe the robustness of our results to different cut-off points for the inhabitants of rural communities.

Additionally, we instrument the market access using the historical census of population in cities in
t = 1865, 1889, and 1900

(
Gj,t = ∑k Popk,te−dj,k

)
.30 Most of places where rural communities are nowa-

days where inhabited in those early years, just fifty years after the Chilean independence, making the
instrument relevant. In the sense that is a good predictor of the location and growth of rural commu-
nities only because it explains the location and growth of cities. Identification comes from historical
population influencing contemporaneous population in cities.

4.2.3 Market Access, Agricultural Potential and Farm Employment Growth

It might be the case that the effects of the market access depends on the heterogeneity in specializa-
tion on agricultural activities in rural communities. This is the hypothesis that market access have a
positive effect on agricultural intensification. It is important to understand this because in areas that
are more specialized in agricultural activities, it would be more convenient to invest on the devel-
opment of the agricultural sector, but in areas that are more diversified it might be better to support
non-farm activities. Consequently, we estimate the heterogeneous effects of market access across rural
communities with different levels of agricultural potential. This would be given by

ln LF
ct = αAF

ct ln MA
(
Ck, dck, θ̂

)
ct + δm + δt + δmt + δl + f (xc, yc) + εct (15)

with LF
ct = farm employment in rural community c in year t, AF

ct = agricultural potential in rural
community c in year t, Normalized Difference Vegetation Index (NDVI), Enhanced Vegetation Index
(EVI), Green Chlorophyll Vegetation Index (GCVI), δc = municipality fixed effect, δt = year fixed ef-
fect, δmt = municipality-year fixed effect, δl = land-cover fixed effect, f (xc, yc) = cubic polynomial in
latitude and longitude of the rural community, Identification comes from: exogenous geography in-
fluencing agricultural productivity. Standard errors clustered at the rural community level. Therefore,
we also estimate the elasticities of the market access incorporating in the farm employment equation

30This approximate of the market access in 1865 is expected to only have an effect on contemporaneous population and em-
ployment growth in rural communities through contemporaneous market access. The urban system at 1865 was composed
of 30 cities, while at 1992 it was composed of 160 cities.
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the agricultural potential proxy with the vegetation index. The square of the agricultural potential is
also incorporated in this set of equations, following the evidence in Damania et al. (2017), that suggest
non-linear effects of agricultural potential on production, due to increasing or diminishing returns of
crop suitability that different crops on modern and traditional production might have.

4.2.4 Farm to Non-Farm Employment Multipliers

The growth in the agricultural sector, still can be one of the main drivers for rural economic develop-
ment in some rural areas. And, given that market access have a positive effect for rural communities
that have more agricultural potential, then it is useful to understand better to what extent farm em-
ployment generate employment in the non-farm sector, by activities that can be auxiliary to agriculture
or that are associated with the intensification of agricultural activities in those areas.

ln LNF
ct = γLF

ct + δm + δt + δmt + f (xc, yc) + εct (16)

LNF
ct = non-farm employment in rural community c in year t, LF

ct = farm employment in rural com-
munity c in year t, δm = municipality fixed effect, δt = year fixed effect, δmt = municipality-year fixed
effect, f (xc, yc) = cubic polynomial in latitude and longitude of the rural community. Identification
comes from exogenous geography influencing agricultural productivity, standard errors clustered at
the rural community level.

4.3 Evidence

4.3.1 General Effects

Table A5.3 reports the results of the impact of market access on the log of population, farm employ-
ment, and non-farm employment of rural communities. The table describes the different scenarios
used to compute the market access variable. Panel a) shows the baseline case, which assumes that the
parameter θ = 1 (i.e., the market access variable used in these estimations), which is approximately
similar to that of Harris (1954). We choose this as the baseline scenario because is the most widely
used measure of market access. All regressions include fixed effects at the rural community level and
standard errors are clustered at the municipality level.31 The first three columns of Table A5.3 show
the Ordinary Least Squares (OLS) estimations of the impact of market access on the log of population,
farm employment, and non-farm employment of rural communities. The last three columns of the
table present the Instrumental Variable (IV) estimations to account for the endogeneity of the market
access variable. The observations in this set of regressions are 1,451, that correspond to rural commu-
nities with a population between 100 and 3,000 inhabitants at 1992. This rural villages have an average
population of 500 inhabitants (see Table A5.1). Across all estimations elasticities might be particu-
larly high, and this is expected due to the small size of the rural communities, but also an important

31Each municipality has several rural communities or villages. There are 346 municipalities in Chile, but approximately 90
have rural communities. Most of the municipalities at the extreme north and south of the country do not have agro-ecological
conditions favourable for agricultural production.

23



degree of heterogeneity is expected, as some rural communities are growing while other are loosing
population as a function of the market access and the importance of the agricultural sector.

Across all IV estimates in Table A5.3, conditional on local demographic trends captured by locality
fixed effects, the impact of the market access on the population of rural communities is positive and
statistically significant. Although the significance is not too strong, that might reveal the low gains in
average due that the heterogeneity that is underlying the estimates and that the overall population in
rural communities just has an important increase during the last 15 years, as it is shown in 2.

The IV estimated 25-year elasticity of market access on population in Panel a), suggests that a 10% more
market access led to an increase of approximately 3% in the population of rural communities, while
this effect is between 1% and 4% for the low- to high-distance friction scenarios of the distance decay
market access function (Panel b and c), and approximately 3% for the city-size adjusted market access
function (Panel d). The assumption that rural communities face similar distance frictions to get to large
and small size cities is difficult to maintain because infrastructure is usually better for accessing large
cities. Therefore, Panel d) present the results using a market access variable calculated to allow rural
communities to face different distance frictions to reach different types of cities. Consequently, in this
scenario, we do not assume a particular value of θ for the computation of the market access variable,
but use different values of θ to adjust the market access variable for different distance decay functions
(these functions are presented in Figure 5). Given the small population size of rural communities, these
are not too important effects, due that double the population of the largest rural community according
to the census definition at 1992 just would mean to reach almost 6,000 inhabitants. However, the effects
on population tend to be robust across the different market access functions.

The impact of market access on the change of non-farm employment of rural communities is also
positive and stronger than the effect on the rural population, with particularly high elasticities that
tend to vary in an important magnitude between the different market access functions. Specifically, for
the baseline scenario in Panel a), the IV estimate is of nearly 1, however, these elasticities vary between
0.3 and 1.2 between the low- and high- distance frictions scenarios of the distance decay market access
function. The city-size adjusted market access function, however, gives a more intermediate elasticity
of approximately 0.7. In consequence, it is more likely that non-farm employment effects tend to be
more heterogeneous and depend more on the accessibility than the population that is probably more
stable. It might be the case that many of these jobs require of certain low commuting time to urban
center to be created, and then estimations are more sensible to the selection of the parameter of distance
friction.

On the other hand the market access elasticity on farm employment is non-significant in all the periods,
both in OLS and IV estimations. This higher elasticity of market access for non-farm employment
relative to farm employment is robust across all estimations and is likely to be associated with the
process of structural change in the rural economy (Irwin et al., 2009; Castle et al., 2011). The important
differences between the OLS and IV estimates are likely to be explained because these effects tend to
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Table 1: Market Access, Population and Agricultural and Non-Agricultural Employment

OLS 2SLS

Log
Population

Log
Agricultural
Employment

Log Non-
Agricultural
Employment

Log
Population

Log
Agricultural
Employment

Log Non-
Agricultural
Employment

Panel a): Baseline Market Access with MAc = ∑k Cke−dc,k

Log Market
Access

0.105 0.093 0.178* 0.316** -0.134 0.951***
(0.069) (0.083) (0.102) (0.163) (0.212) (0.254)

R2 0.470 0.528 0.646
F-stat 114.561 114.485 122.253
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel b): Distance Decay Market Access Function with MAc = ∑k Cke
− 1

2(50)2
dc,k

Log Market
Access

0.021 0.012 0.030 0.097* -0.042 0.301***
(0.018) (0.020) (0.025) (0.163) (0.066) (0.086)

R2 0.470 0.527 0.646
F-stat 50.103 47.874 50.195
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel c): Distance Decay Market Access Function with MAc = ∑k Cke
− 1

2(200)2
dc,k

Log Market
Access

0.107 0.064 0.151 0.396* -0.170 1.222***
(0.078) (0.084) (0.105) (0.205) (0.271) (0.343)

R2 0.471 0.528 0.646
F-stat 53.674 51.885 54.801
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel d): City-Size Adjusted Market Access Function with MAc = ∑k Yke−θ̂mdj,k

Log Market
Access

0.153* 0.095 0.167** 0.326* -0.099 0.693***
(0.080) (0.066) (0.082) (0.167) (0.156) (0.183)

R2 0.473 0.529 0.647
F-stat 120.152 136.927 147.121
Observations 1,451 1,451 1,451 1,451 1,451 1,451

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument historical urban market access.

25



be more local. The instruments are taking the variation of the market access variable that is being
explained by historical population in cities and then explaining the contemporary patterns of rural
population and employment.

The elasticity of market access for the population is similar to that in the literature (Jedwab and Storey-
gard, 2022). However, the elasticity is particularly high for farm and non-farm employment, but not
much other empirical evidence exists to compare with these results. However, the distinction between
farm and non-farm employment in rural communities is crucial. When no distinction is made and
the elasticities of market access are computed for the total employment of the rural areas, the results
may not be well understood, in the sense that, in many locations, particularly near cities, the behavior
of farm employment and non-farm employment in rural communities may follow different patterns,
leading to negative effects of market access on farm employment. This could also be the case in some
articles that argue a negative or non-significant effect of market access on the total employment of rural
areas but a positive and significant effect on the population, as in Chen and Partridge (2013) for China.
The high values of the elasticities of market access for the non-farm employment of rural communities
in relationship to the elasticities for the farm employment of rural communities are also indicative of
the growing importance of the non-farm sector for rural areas, something that has been widely studied
in agricultural economics (Berdegué et al., 2001). However, there is an important heterogeneity in rural
communities, evidenced when our proxy of agricultural productivity was included in estimations.

A movement of workers from agriculture to the non-farm sector in rural communities may explain
the lack of a significant effect of the market access on farm employment, and the high elasticities in
the non-farm employment. If this movement, on average, was inside rural communities would also
explain a consistently positive market access effect in the population of rural. Otherwise, we should
observe a negative effect on rural population.

4.3.2 Mechanisms of Structural Change

One of the key elements of heterogeneous impacts of the market access on rural population and em-
ployment is agricultural productivity. Consequently, in order to provide more evidence on the mecha-
nisms behind the growth of rural communities, Table A5.4 shows the regressions including our proxy
of agricultural potential in the farm-employment equation. For this purpose, we use remote sensing
data to construct a proxy of agricultural productivity, which as the evidence suggests, might be as in-
formative as survey-based methods (Burke and Lobell, 2017). We estimate this relationship using three
indices. Namely, the NDVI, EVI, and GCVI. The different market access variables are used to show the
robustness of the results. Due to the availability of daytime cloud-free satellite data for the entire coun-
try, the sample is reduced. In Table A5.4, we also allow the market access vary with the agricultural
potential to observe if market access have a positive effect in farm employment in rural communities
that have better conditions for agricultural production. This would be more in line with the hypothesis
of agricultural intensification. To do this we interact the market access with the agricultural potential.
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Table 2: Market Access, Agricultural Potential and Agricultural Employment

Log Agricultural Employment
OLS 2SLS

GCVI NDVI EVI GCVI NDVI EVI
AF

jt ln MA -0.034** -0.033** -0.028** -0.492*** -0.365*** -0.296***
(0.015) (0.014) (0.012) (0.167) (0.112) (0.088)

AF
jt 0.169*** 0.066 0.082 0.876*** 0.254** 0.183**

(0.066) (0.065) (0.063) (0.275) (0.100) (0.078)
R2 0.562 0.547 0.547
Observations 1,021 1,008 1,010 1,021 1,008 1,010
F-stat 15.675 20.379 23.066
P-val LM stat 0.000 0.000 0.000

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument historical urban market access.

Our estimations show significant negative elasticities of the market access interacting the agricultural
potential farm employment of rural communities and are robust across the different proxies of agri-
cultural productivity. Therefore, is likely that rural communities highly specialized in agriculture, or
at least with good agro-ecological conditions for the production of agriculture (probably captured by
our vegetation indices), experiences decreases in the farm employment, that to some extents can be
explained by technological productivity improvements, or diversification. Taking large advantages of
the access to urban markets with also a growth in the non-farm sector, probably in activities that are
auxiliary to agriculture, such as the transportation of agricultural goods or commerce, rather than in
activities that are not related to agriculture. This is consistent with the hypothesis of the intensification
of agricultural activities in places with more market access. The elasticity of agricultural labor supply
to market access is an important indicator on how the impact of increasing demand generated in urban
areas would impact rural inhabitants Jayachandran (2006).

To understand to what extent the growth in non-farm employment is related with agricultural pro-
duction due to the requirements of activities that are auxiliary to agriculture, or might be explained
by other activities that are not related even indirectly with agriculture. Table A5.5 shows the multipli-
ers effects of farm employment on non-farm jobs. The IV estimate reveal an employment multiplier
of approximately 0.9. This is a high elasticity that shows that it might be the case that the growth in
the agricultural sector might induce growth in non-farm sector in activities that are not directly re-
lated. Then for some rural communities with better conditions for agriculture or more specialized on
it, public investments in the sector might have a high social return.
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Table 3: Agricultural to Non-Agricultural Employment Multipliers

Log Non-Agricultural Employment
OLS 2SLS

Log Agricultural Employment 0.330*** 0.865***
(0.050) (0.303)

R2 0.672
Observations 1,451 1,451
F-stat 17.491
P-val LM stat 0.000

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument agricultural potential captured with satellite images.

5 Conclusion and Policy Implications

In an increasingly urbanized world, the idea of cities as engines of economic growth and development
has gained a large number of supporters. Even for rural development policies, it is argue that the
positive effects derived from urbanization that spill over to the countryside such as trade integration
or the growth of non-farm activities, are a potential source to outweigh the economic decline that is
induced at the same time by rural-to-urban migration. In fact, far from being new, the idea that cities
can shape the development of rural areas has been on the mind of scholars for a long time. It is not
entirely clear, however, to what extent the positive spillover effects would offset the negative ones.

To provide evidence on the dynamics of urbanization for rural areas, we follow a market access ap-
proach to develop a framework to better understand how urban growth and transport infrastruc-
ture development influence the growth and structural change out of agriculture of rural communities
through market access. Consequently, we estimate the effect of cities on the development of rural com-
munities as the effect of the market access on the population, farm and non-farm employment of rural
communities in Chile for a 25-year period.

The results can be summarized by the following four main points. First, we found, in our preferred
estimations, that a 10% higher market access led to an average 25-year increase of nearly 3% in the
population of rural communities in Chile. This elasticity is robust across all estimations. Second, a
high access to urban markets is in the short-term generally associated with increasing both farm em-
ployment and non-farm employment in rural communities. Third, higher elasticities of market access
were found for non-farm employment rather than in the farm sector. However, rural communities
more specialized in agriculture might experience higher levels of growth induced by cities in the farm
employment rather than in the non-farm sector.

Various policy implications can be derived from this work. First, improvements in the infrastructure
connecting rural communities and cities could lead to important effects in the growth and develop-
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ment of rural communities, thus accelerating the process of structural change for those rural commu-
nities nearby cities. Second, these improvements in infrastructure can be prioritized for rural commu-
nities that are near medium-sized cities, since they can reach a larger number of rural communities.
Third, for rural communities that are farther away from cities, policies can be oriented to develop both
the farm and non-farm sector, but should carefully consider the conditions for agricultural produc-
tion in those areas. Finally, for rural communities highly specialized in agriculture, rural development
policies may be created to provide farmers with a better comprehension of the products that are highly
demanded in cities, together with increased access to farming technology. These policies aiming rural-
urban linkages are at the hearth of the objectives of the UN sustanaible development goals to promote
rural development.

More research could be conducted to better understand the dynamics of rural communities near the
boundaries of cities. The effects associated with the changes in land use, rural non-farm employment
that is generated in the city, and other commuting opportunities for rural inhabitants could be leading
to different patterns of development for those rural communities located farther away from cities.
Despite that, on average, the effect of cities is positive and significant for population, the dynamics
of nearby communities could be playing an important role and there is limited evidence available in
this respect. On the other change, analyzing the distributional impacts on welfare from urban growth
on rural households would help to clarify many of the mechanism that are included in the model and
were not treated in this paper due to data limitations.
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A Appendix A

A.1 Model Appendix

The previous part of the mathematical model are standard to solve in the literature (see ?). However,
the derivation of the market access requires some additional particular assumptions. In general equi-
librium, it would be the case that the value of goods purchased by a location i is equal to the income
that consumers spent on that good, i.e.,

δYj = ∑
i∈=

Xij

In consequence (and assuming Yi = Ej the income received at the supply location i has to be equal to
the expenditure spent in location j), then the gravity equation can be expressed as

δYj = ∑
i∈=

C−θτ−θ
ij w−θ

i TiδEjPθ
j ⇐⇒ 1 = C−θ ∑

i∈=
w−θ

i Tiτ
−θ
ij P−θ

j

⇐⇒ P−θ
j = C−θ ∑

i∈=
Tiw−θ

i τ−θ
ij ≡ CMAj

that we define as consumer market access, as Donaldson and Hornbeck (2016). Substituting the con-
sumer market access into the gravity equation, and assuming again Yi = Ej), yields

Xij = C−θTiw−θ
i τ−θ

ij Pθ
j δEj ⇐⇒ Xij = C−θTiw−θ

i τ−θ
ij CMA−1

j δYi. (17)

Assuming that goods markets clear, so for manufacturing goods this means that δYi = ∑j∈= Xij, which
implies that

δYi = C−θTiw−θ
i ∑

j∈=
τ−θ

ij CMA−1
j δYi ⇐⇒ δYi = C−θTiw−θ

i FMAj (18)

where FMAj ≡ ∑j∈= τ−θ
ij CMA−1

j δYi is the firm market access in destination location j ∈ =. Under
spatial equilibrium (workers perfectly mobile across locations), utility equalize across locations which
implies that real wages also equalize across locations.32 i.e.

U =
wi

Pi
=

wj

Pj
. (19)

In consequence, by substituting the nominal wage wi in Eqn. 18, we obtain

δYi = C−θTiU
−θ P−θ

j FMAj ⇐⇒ δYi = C−θTiU
−θCMAjFMAj (20)

32Note that the assumption of spatial equilibrium is only used here at the end avoid the necessity to observe wages in the
data. However, we also show results using nominal wages to see the robustness of this result to this assumption.
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Another condition of the spatial equilibrium imposed in these types of models is that the labor market
clears, i.e. δYi = δwiLi, together with the condition that wi = UPi = U (CMAi)

− 1
θ which implies that

LC
i = C−θTiU

−θCMAjFMAjw−1
i ⇐⇒ LC

i = C−θTiU
1−θCMA

θ−1
θ

j FMAj (21)

where δLi = LC is the labor in the manufacturing sector. Taking the logs, we can express the previous
equation as

log LC
i = −θ log C + log Ti + (1− θ) log U +

(
θ − 1

θ

)
log CMAj + log FMAj

Assuming symmetric transport τij = τji, firm and consumer market access have to satisfy a propor-
tionality condition MAi ≡ FMAi = ρCMAi ∀i ∈ = with ρ > 0. Which implies that

FMAi ≡ ∑
j∈=

τ−θ
ij CMA−1

j δYi ⇐⇒ MAi = ∑
j∈=

τ−θ
ij ρMA−1

j wiNi

where δYi = wiNi. Substituting wi = UPi = U (CMAi)
− 1

θ = Uρ
1
θ MA−

1
θ

i , yields

MAi = ∑
j∈=

τ−θ
ij ρMA−1

j

(
Uρ

1
θ MA−

1
θ

i

)
Ni ⇐⇒ MAj = Uρ

1+θ
θ ∑

j∈=
τ−θ

ij MA−
(1+θ)

θ
i Ni (22)

Then, with the proportionality condition MAi ≡ FMAi = ρCMAi we can express Eqn. 21 as

LC
i = C−θTiU

1−θ
(

ρ−1MAj

) θ−1
θ MAj ⇐⇒ LC

i = C−θTiU
1−θ

ρ
1−θ

θ MA
2θ−1

θ
j (23)

Taking the logs gives the equation of the manufacturing employment

log LC
i = k1 + log Ti +

(
2θ − 1

θ

)
log MAj (24)

where k1 = log
(

C−θU1−θ
ρ

1−θ
θ

)
. Substituting Eqn. 22 in Eqn. 23 yields

LC
i = C−θTiU

1−θ
ρ

1−θ
θ

(
Uρ

1+θ
θ ∑

j∈=
τ−θ

ij MA−
(1+θ)

θ
i Ni

) 2θ−1
θ

Solving for the total number of workers (population) Ni and taking the logs gives

⇐⇒ log Ni = k2 +

(
θ

1− 2θ

)
log Ti +

(
2− θ

θ

)
log MAj +

(
θ + 1

2θ − 1

)
log LC

i (25)
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where k2 = log
(

C
θ2−θ−1

2θ−1 U
θ(θ−3)
2θ−1 ρ

θ(θ−1)+(2θ−1)(1+θ)
θ(2θ−1)

)
. Which also can be expressed as employment share in

manufacturing, as

log

(
LC

i
Ni

)
= k3 +

(
θ

θ + 1

)
log Ti +

(
2(θ − 2)(θ − 1

2 )

θ(θ + 1)

)
log MAj (26)

where k3 = log
(

C−
θ2

θ+1 U
−θ2−3θ

θ+1 ρ
θ(θ−1)+(2θ−1)(1+θ)

θ(θ+1)

)
.
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A.2 Additional Figures

Notes: The figure displays the aggregate trends in agricultural employment and the urban population in Chile between 1991
and 2019. Over the same time the share of urban population increased by approximately 4%, from about 83.4% in 1991 to
87.6% by 2019. Source: Own elaboration based on data compiled by the World Bank from the International Labour Organi-
zation (ILOSTAT database), and the United Nations Population Division’s World Urbanization Prospects: 2018 Revision.

Figure A5.1: Agricultural Employment and Urban Population
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The figure describes the spatial distribution of cities and rural villages defined by the census in Chile. The yellow color
represents urban areas using the administrative city borders at 2002. The blue scale represents the density of rural villages.
These areas were defined as communities with less than 3,000 inhabitants. A spatial kernel density of the centroids of the
rural villages weighted by their population in 2002 is used in the figure. The darker blue color represents more densely
populated rural areas. Fig. A5.2 shows the spatial distribution of rural communities and cities in the country. Chile is 4,700
km long and 450 km wide at its widest point. However, agro-climatic conditions mean that most of the rural communities
are located in the central-south part of the country, where the majority of the population is also concentrated as are the three
most important cities in the country: the metropolitan areas of Santiago and Valparaiso—located at one and a half hours
car-driving distance from each other—and Concepción—located on the coastal central south zone of Chile, at eight hours
of car-driving distance from Santiago. In this area, between the cities Santiago-Valparaiso and Concepción, there are an
important number of small- and medium-sized cities surrounded by a dense “green belt” of rural communities (represented
by the blue-color gradient in the Fig. A5.2), where the majority of the rural population works and lives. Urban density is
also particularly concentrated in this area.

Figure A5.2: The Spatial Distribution of the Urban and Rural Population
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(a) Population and Agricultural Employment in Rural Villages

(b) Population and Non-Agricultural Employment in Rural Villages

The figure shows the linear relationship between the population and agricultural and non-agricultural employment in rural
villages in Chile, Panel a) and b) respectively. The fitted line is constructed over the average values across the different years
of the census. Larger rural locations are endowed with larger agricultural and non-agricultural employment. However,
employment in the non-agricultural sector is larger than in the agricultural sector for more bigger rural areas. In addition,
the non-agricultural sector has been increasing in time, as it is also shown in Fig. 1.

Figure A5.3: Population and Specialization in Agricultural and Non-Agricultural Activities
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(a) Distance to the Nearest City and Agricultural Employment in Rural Villages

(b) Distance to the Nearest City and Non-Agricultural Employment in Rural Villages

The figure shows the linear relationship between the distance to the nearest city and agricultural and non-agricultural em-
ployment in rural villages in Chile, Panel a) and b) respectively. The fitted line is constructed over the average values across
the different years of the census. These values of sectoral employment for rural communities correspond to the levels over
which Fig. 1 is constructed.

Figure A5.4: Access to Urban Markets and Specialization in Agricultural and Non-Agricultural
Activities
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Distance

Population

p1

d1

p2

d2 = d3

p3

G
G′

p3 − p2

p2 − p1

The figure compares the effect of the market access in the population of a rural community at an average distance d1 of k
urban centers, with another rural community at a distance d2 of the same cities. Where G is the distance decay market access
function, that for each rural community j is defined by gj = ∑k Yke−θdj,k , and dj,k is the distance from a city with Yk income.
The figure also illustrates the case in which the aggregated effect of medium- and small-sized cities are more important in
terms of income than big cities. In such cases, the market access effect of second- and third-order cities (G′) would have a
higher impact than the effect of big cities in the population of rural communities (G).

Figure A5.5: Impact of Market Access on the Population of Rural Communities
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The figure describes the nighttime lights image correction for the blooming effect following (Su et al., 2015). Both images
display nighttime lights in the area surrounding the metropolitan area of Santiago de Chile in 2002. Panel a) displays the
nighttime lights image without correction and Panel b) shows the image corrected. In addition, the figure describes urban
buffers for 2, 5, 10 an 15 kilometers from 2002 the census urban boundaries.

Figure A5.6: Nighttime Lights Image Correction
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The figure shows the road network for the years 1992, 2002, and 2017, in the central-south part of Chile. Cities are displayed
with a yellow polygon, while rural communities with a dark-red circle.

Figure A5.7: Road Infrastructure Development
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The figures describes the spatial distribution of rural communities near medium-sized cities in Chile. The left-hand side
panel of the figure shows the scenario for 1992, the center at 2002, and the right-hand side for 2013. Urban boundaries (in
red), are the official boundaries delimited for the national census of 2002 by the Chilean National Statistical Office (INE).

Figure A5.8: Medium-Sized City Growth and Rural Communities
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Figure shows the spatial coverage of LandSat L5 and LandSat L7 day-time satellite images for the census years of 1992 and
2002. Information is missing for most of the area of the south of Chile until 1998. These images were used to compute the
vegetation indexes (proxies of agricultural productivity).

Figure A5.9: Spatial Coverage of Day-Time Satellite Images
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A.3 Data Appendix

Table A5.1: Descriptive Statistics

1992 2002 2017 ≥ 20km ≥ 50km ≥ 100km

Population and Employment

Population 311.41 328.15 391.29 329.03 394.79 669.76
(360.52) (420.43) (347.17) (378.77) (490.14) (707.70)

Employment 86.80 105.75 165.31 109.83 152.88 283.02
(107.52) (155.89) (168.29) (150.22) (238.65) (316.48)

Farm Employment 47.62 47.62 47.62 41.30 24.77 22.88
(45.73) (45.73) (45.73) (34.85) (19.36) (18.45)

Non-Farm Employment 39.18 39.18 39.18 48.44 83.60 187.06
(84.00) (84.00) (84.00) (99.06) (138.41) (218.42)

Market Access

Distance to a City 20.95 20.95 20.95 39.52 83.25 160.64
(22.39) (22.39) (22.39) (28.88) (46.88) (54.32)

Baseline -13.77 2.29 1.73 -4.06 -5.10 -6.52
(1.56) (1.43) (1.23) (7.62) (7.74) (7.78)

Distance Decay (a = 50) -2.48 -2.88 -3.25 -5.28 -11.93 -34.68
(6.59) (5.30) (7.16) (7.91) (14.68) (19.13)

Distance Decay (a = 200) -0.09 -0.13 -0.21 -1.01 -3.80 -12.29
(3.92) (1.95) (2.49) (3.27) (6.67) (9.72)

City Size Adjusted 0.47 0.40 -0.57 -0.85 -3.11 -8.28
(1.25) (1.30) (1.75) (2.01) (3.51) (3.92)

Observations 1292 1292 1292 1377 240 48

Agricultural Productivity

GCVI -0.14 -1.03 -0.30 -0.70 -1.14 -1.81
(0.51) (0.93) (0.65) (0.93) (1.05) (1.17)

NDVI -1.41 -1.87 -1.36 -1.61 -1.95 -2.41
(0.59) (0.88) (0.57) (0.77) (0.91) (0.99)

EVI -2.50 -2.80 -2.19 -2.53 -2.92 -3.40
(0.66) (0.93) (0.63) (0.87) (0.97) (1.01)

Observations 433 1152 1220 944 177 32
Mean and standard deviation (in parentheses).
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A.3.1 Agricultural Activities and Occupations in Rural Areas

On the definition of farm employment, the following activities were considered:

• Agriculture, livestock, hunting and related activities

• Crops: market-oriented crops, horticulture

• Domestication and animal breeding

• Mixed exploitation of crops, domestication and animal breeding

• Agriculture and livestock services (except veterinary)

• Hunting and related activities

• Forestry, timber extraction and related activities

• Agroforestry

• Fishing and related activities

On the definition of farm employment by occupation, is considered the following activities, from the
Census of 1992:

• Farmers and market oriented qualified agricultural workers and fisherman

• Farmers and market oriented qualified workers in agricultural farms, forestry, and fisherman

• Farmers and qualified workers in market-oriented crops

• Farmers and qualified workers in extensive crops

• Farmers and qualified workers in forest plantation and shrubs

• Farmers and qualified agricultural workers in orchards and greenhouses

• Farmers and qualified workers in mixed crops cultivation

• Market oriented breeders and livestock qualified workers

• Cattle and other domestic breeders, diary produces and subproducts

• Poultry farmers and qualified workers in poultry (eggs, meet, and feathers)

• Beekepers and sericulturists, and qualified workers in these items

• Breeders and qualified workers in breeders and other domestic animals

• Breeders and qualified livestock workers in breeding of wild animals for markets

• Market oriented producers and agricultural qualified workers
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• Qualified workers in forest plantation and related tasks

• Three fellers and choppers, and other workers in forest related activities

• Charcoal workers and related activities

• Fishermen, hunters, and trappers

• Breeders of aquatic species

• Freshwater and coastal fishermen

• Deep sea fishermen (fishing and related tasks)

• Hunters and trappers

• Subsistence farming and fishing workers
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Table A5.3: Market Access, Population and Farm and Non-Farm Employment

OLS 2SLS

Log
Population

Log Farm
Employment

Log
Non-Farm

Employment

Log
Population

Log Farm
Employment

Log
Non-Farm

Employment

Panel a): Baseline Market Access with MAc = ∑k Cke−dc,k

Log Market
Access

0.105 0.093 0.178* 0.316** -0.134 0.951***
(0.069) (0.083) (0.102) (0.163) (0.212) (0.254)

R2 0.470 0.528 0.646
F-stat 114.561 114.485 122.253
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel b): Distance Decay Market Access Function with MAc = ∑k Cke
− 1

2(50)2
dc,k

Log Market
Access

0.021 0.012 0.030 0.097* -0.042 0.301***
(0.018) (0.020) (0.025) (0.163) (0.066) (0.086)

R2 0.470 0.527 0.646
F-stat 50.103 47.874 50.195
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel c): Distance Decay Market Access Function with MAc = ∑k Cke
− 1

2(200)2
dc,k

Log Market
Access

0.107 0.064 0.151 0.396* -0.170 1.222***
(0.078) (0.084) (0.105) (0.205) (0.271) (0.343)

R2 0.471 0.528 0.646
F-stat 53.674 51.885 54.801
Observations 1,451 1,451 1,451 1,451 1,451 1,451

Panel d): City-Size Adjusted Market Access Function with MAc = ∑k Yke−θ̂mdj,k

Log Market
Access

0.153* 0.095 0.167** 0.326* -0.099 0.693***
(0.080) (0.066) (0.082) (0.167) (0.156) (0.183)

R2 0.473 0.529 0.647
F-stat 120.152 136.927 147.121
Observations 1,451 1,451 1,451 1,451 1,451 1,451

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument historical urban market access.
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Table A5.4: Market Access, Agricultural Potential and Farm Employment

Log Farm Employment
OLS 2SLS

GCVI NDVI EVI GCVI NDVI EVI
AF

jt ln MA -0.034** -0.033** -0.028** -0.492*** -0.365*** -0.296***
(0.015) (0.014) (0.012) (0.167) (0.112) (0.088)

AF
jt 0.169*** 0.066 0.082 0.876*** 0.254** 0.183**

(0.066) (0.065) (0.063) (0.275) (0.100) (0.078)
R2 0.562 0.547 0.547
Observations 1,021 1,008 1,010 1,021 1,008 1,010
F-stat 15.675 20.379 23.066
P-val LM stat 0.000 0.000 0.000

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument historical urban market access.

Table A5.5: Farm to Non-Farm Employment Multipliers

Log Non-Farm Employment
OLS 2SLS

Log Farm Employment 0.330*** 0.865***
(0.050) (0.303)

R2 0.672
Observations 1,451 1,451
F-stat 17.491
P-val LM stat 0.000

*p < 0.1, **p < 0.05, ***p < 0.01. Note: All models include municipality fixed effects, year fixed effects, municipality-year
fixed effects, and cubic polynomial in latitude and longitude of the centroid of the rural community. The 2SLS uses as an
instrument agricultural potential captured with satellite images.
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