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Abstract

We study how internal migration shapes aggregate and regional comparative advan-
tage. Using Brazilian census data, we document that farmers emigrating from regions
with high employment in a given crop are more likely to grow that crop and earn higher
incomes than other farmers doing so. We also show that regional production of a crop
increases with immigration from regions employing many farmers in that crop, after
controlling for total crop employment. We incorporate these facts into a quantitative,
dynamic model of trade and migration in which a region’s specialization is determined
by natural advantage, labor availability, and the knowledge of the labor force. Apply-
ing our model to the large migration of agricultural workers to the west of Brazil in
the second half of the 20th century, we find that the reallocation of workers reshaped
Brazil’s export profile, contributing to its rise as a leading commodity exporter, and
that a substantial part of this change is due to the knowledge carried by migrants.
Since the change in comparative advantage involved primarily the agricultural sector,

aggregate gains from trade were little affected by migration.
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1 Introduction

A central task in international trade, and in spatial economics more generally, is to un-
derstand the impact of trade on welfare and the patterns of specialization across locations.
Understanding the impact of trade, moreover, goes beyond purely academic interest, as
policymakers often attempt to influence their own countries’ export and import activity,
against the backdrop of increasing globalization. Seeking to quantify the impact of trade,
a recent literature has incorporated comparative advantage—the notion that differences in
relative costs across locations drive trade—into quantitative models and established it as a
major determinant of trade flows.! But while a lot of progress has been made in measuring
how comparative advantage shapes the impact of trade, there has been comparatively less
progress in quantifying the sources of comparative advantage itself.”

In this paper, we start by noting that large migrations within countries are not uncom-
mon, and that they are often accompanied by shifts in specialization and trade patterns.
Consider, for example, the U.S. westward expansion and, more recently, the large migration
of Chinese workers to export clusters. The question we ask is: Does the migration of workers
within a country shape regional and aggregate comparative advantage? We consider two
main mechanisms. First, migration determines the relative abundance of land and labor
across regions and improves the match between regional productivity and labor allocation.
Second, migrants have knowledge related to specific goods and, when new opportunities to
deploy their knowledge emerge in a region, they migrate to take advantage of them.?

To quantify the impact of migration on comparative advantage, we extend a dynamic
model of trade and migration to incorporate these two mechanisms through which migration
shapes comparative advantage. In our model, workers are endowed with crop-specific knowl-
edge, which they acquire through exposure to economic activity in their region of origin.
Workers carry this knowledge along with them as they migrate, optimally choosing which
crop to grow and where to produce, based on which region is better suited to their knowl-

edge. In equilibrium, a regional and aggregate comparative advantage in a crop reflects a

Examples of this literature are discussed in Eaton and Kortum (2012), Costinot and Rodriguez-Clare
(2015).

2 A recent line of work studies knowledge creation and diffusion in open economies, thereby exploring the
origins of comparative advantage (see e.g., Lind and Ramondo, 2018).

3For example, Sabel, Fernandez-Arias, Hausmann, Rodriguez-Clare, and Stein (2012) describe how mi-
grants have used their knowledge to form new export sectors in Latin America. Opala (1987) document that
plantation owners in South Carolina and Georgia were willing to pay higher prices for slaves from this Sierra
Leone and Liberia, denominated the “Rice Coast”, due to their knowledge about the production of rice.
Other historical examples include the diffusion of crops during the Columbian Exchange (Crosby, 1973), the
introduction of new varieties of wheat in the northeast of the US in the 19th century (Olmstead, Rhode,
et al., 2008), the introduction of wheat in North Africa during the diffusion of Islam (Watson, 1983), and
the production of flowers by Dutch refugees in England in the late 16th century (Scoville, 1951).



combination of natural advantage (such as land quality), the abundance of labor, and the
knowledge of the labor force.

We quantify the forces in our framework by applying it to Brazil, a country that provides
us with a rich setting to examine our research question. During the XX century, Brazil
experienced a large domestic migration, the “March to the West”, that coincided with a
transformation into an important global exporter of crops such as soy, corn, and livestock.
Following a series of public initiatives to integrate the country’s West to cities in the East
during the 1950s, farmers from all parts of Brazil migrated to the West and, as we argue in
this paper, brought along with them the agricultural knowledge from their region of origin.
As a result, from 1950 to 2010, about 7 million people from the East migrated to the West of
Brazil, raising the share of the Brazilian population living in the West from 5 to 15 percent.”

To capture the empirical relationship between migration, specialization, and trade, we
assemble a detailed data set, composed of several waves of the Brazilian demographic and
agricultural census. We use these data to establish a set of facts that guide our modeling
approach. First, we document the transformation of Brazil’s aggregate and regional agricul-
tural landscape. We show that Brazil’s exporting pattern shifted dramatically during this
period: Since the 1980s, the country as a whole developed a comparative advantage in crops
such as soy, corn and livestock, reflecting in large part the intensity with which the West
specializes in these crops.

We also document the influence of a migrant’s origin on her cropping choices and earn-
ings. To do so, we compare farmers who, upon migrating, grow the same crop in the same
destination, but who emigrate from different regions. First, we find that a 1 percent increase
in the number of farmers growing a crop in the origin region is associated with a 0.16 per-
cent increase in the number of emigrants from that region producing that crop. Second, a 1
percent increase in the number of workers growing a crop in the origin region is associated
with a 0.12 percent increase in the earnings of that region’s emigrants. Additionally, we
document that, for a given crop, regional output and revenues increase when the regional
mix of workers favors migrants from regions that employ more workers in that crop (after
controlling for the total number of farmers). These observations are consistent with the idea
that a farmer’s good-specific knowledge is shaped by her origin region’s specialization, and
with the farmer carrying her knowledge as she migrates.

Motivated by these facts, we embed the allocation of workers and their knowledge as

sources of comparative advantage in a dynamic quantitative model of migration and trade

4The magnitude of Brazilian march to the west is comparable to the US Great Migration during the 20th
century, a period in which roughly 6 million Americans emmigrated from the south of the US. See Bazzi,
Gaduh, Rothenberg, and Wong (2016) for an analysis of the Transmigration Program in Indonesia, which
involved 2 million migrants.



(Caliendo, Dvorkin, and Parro, 2015; Allen and Donaldson, 2018). In our model, a worker
born in a region has a vector of productivities for growing individual crops, which is a function
of that region’s employment in each crop. Given his crop-specific knowledge, the worker
then decides where to work and which crop to grow. In equilibrium, migration determines
national and regional comparative advantage in two complementary ways. First, relative
productivity reflects a combination of natural advantage (tied to the characteristics of land)
and the origins of farmers in that region. Second, migration allows labor-intensive crops
to expand in areas that receive large migrant inflows and also allows for more productive
regions to receive labor.

We next bring our model to the data. We show that the two key parameters of the
model, (i) the elasticity of a farmer’s productivity to crop employment in her region of origin
and (ii) the elasticity of occupational choice to income can be transparently identified from
reduced form elasticities. These two parameters govern migrants’ responsiveness to new
opportunities and also the extent to which they are capable of shaping aggregate outcomes.
We calibrate the rest of parameters by combining the model with data on cropping patterns,
employment and exports.

To understand the impact of migration on specialization and trade, we then conduct a
policy experiment in which we ban East-West migration (but allow for migration within
these regions) starting in 1980, when the March was already underway. Our first finding is
that migration accounts for a sizable part of observed changes in comparative advantage. In
particular, banning migration reduces agricultural RCA by approximately 20%, compared to
the data. Moving on to specific commodities, we find that, relative to the data, banning East-
West migration substantially weakens Brazil’s comparative advantage in soy and livestock,
new flagship commodities in Brazilian exports in the past decades. In the case of soy, the
model suggests that approximately one third of this drop is due to the spatial reallocation of
knowledge, while the rest is due to changes in raw labor allocations across regions. On the
other hand, banning migration strengthens Brazil’s RCA in traditional commodities, such
as coffee.

Despite the effects of migration on international specialization within Brazil, its effects
on the gains from trade are relatively small. In our baseline calibration, the gains from trade
are about 8.1 percent, and the gains from agricultural trade are about half of that. These
gains, however, are relatively insensitive to banning migration. The reason is that Brazil’s
gains from trade in this period are determined in large part by the exchange of agricultural
goods for non-agricultural goods. While migration entailed large swings in specialization
within the agricultural sector, on aggregate these reallocations allowed for a small increase

in import shares of non-agricultural goods. The gains from allowing for internal migration,



in turn, are about half as large as the gains from trade.

Our paper is mainly related to three strands of literature. The first is a recent literature
that quantitatively studies the origins and evolution of Ricardian comparative advantage.
(2016) and Hanson, Lind, and Muendler (2015) document substantial changes in compara-
tive advantage over time and cross countries. Buera and Oberfield (2016) and Jie Cai and
Maria (2019), among others, study the diffusion of ideas in an open economy and how it
drives trade across countries (see Lind and Ramondo (2018) for a summary of this litera-
ture). Arkolakis, Lee, and Peters (2018), in particular, study the impact of migrants on
the technological frontier in the United States in the 19th century. More broadly, we re-
late to a large quantitative literature at the intersection of international trade and economic
geography, which includes Allen and Arkolakis (2014), Redding (2016), Bryan and Morten
(2015), Tombe and Zhu (2019) and Morten and Oliveira (2016). This literature has applied
quantitative frameworks to study the impact of infrastructure development and foreign trade
shocks allowing for rich movements of people and goods. To the best of our knowledge, this
literature has not examined how migration shapes aggregate and regional comparative ad-
vantage, which we do building on the recent dynamic approaches of Caliendo, Dvorkin, and
Parro (2015) and Allen and Donaldson (2018).

Second, we also relate to a growing literature quantitatively examining the determinants
and implications of trade in agriculture, including Costinot and Donaldson (2014), Costinot,
Donaldson, and Smith (2016), Fajgelbaum and Redding (2014), Allen and Atkin (2016),
Pellegrina (2018), Porteous (Forthcoming), Tombe (2015) and Sotelo (2018). Most of this
literature treats comparative advantage as exogenous — either arising from quality of land,
factor proportions, or both — but does not study the origins of comparative advantage or the
factors shaping its evolution, which is the focus of our paper.

Finally, we relate to a literature that studies the transferability of worker’s skills over
space and their implications for individual productivity. Bazzi, Gaduh, Rothenberg, and
Wong (2016) show that human capital depends on migrants’ origins, and that it conditions
how a migrant performs in a destination. In the agricultural context,Olmstead and Rhode
(2011) have documented the role of geography and migration in the expansion of different
crops in the US. Recently, Bahar and Rapoport (2016) provide evidence that international
migration relates to comparative advantage across countries. We contribute to this literature
by providing a new set of measurements of migration-led knowledge diffusion and, more
importantly, embedding this mechanism into a quantitative general equilibrium model to
evaluate its aggregate implications.

The rest of the paper is organized as follows. Section 2 describes the recent migration of

workers to the West of Brazil. Section 3 describes our data and documents the facts that



form the empirical basis of the paper. Section 4 introduces our model of trade and the spatial
reallocation of knowledge due to migration. Section 5 and 6 uses the model to quantify the

strength of our mechanism. Section 7 concludes the paper.

2 The March to the West

The West of Brazil is nowadays one of the World’s major agricultural powerhouses. If
the region were a country, it would be among the 15th largest agricultural exporters in the
world.® This status, however, came rather recently. Despite the fact that the region accounts
for 60% of Brazil’s territory, in 1950, less than 5% of Brazil’s value added in agriculture came
from the West and 95% of the population lived in the East. This geographic concentration
reflected the historical development of the Brazilian economy: with the exception of the gold
extraction in the interior of Brazil during the 18th century and the exploitation of rubber
in the Amazon forest in the late 19th century, the Brazilian economy was largely based
on export-oriented crops such as sugarcane, coffee and cotton that required access to ports
located along the Atlantic coast in the East of Brazil.

The rise of the West began in the 1950s, when urbanization and demographic transition
took off in Brazil. Concerned with the population pressure in the urban centers of the
southeast, the president at the time, Getulio Vargas, initiated a large-scale project to promote
the migration of families to the Central-West. He named the project “March to the West”
and, as stated by the government propaganda, the goal was to construct a nation that was
free from the “vices of the coast”. The project consisted of land grants for the formation
of new agricultural colonies in the Central-West and investments in roads to connect them
to the rest of the country. Economic growth allowed successive governments to expand the
investments in this project. In 1960, the president Juscelino Kubitschek moved the capital of
Brazil to a newly constructed city in the Central-West, Brasilia. Between the 1960s and the
1980s, the military dictatorship expanded these highways to integrate the Amazon region in
the North. The infrastructure investments in the West lost momentum in the mid-1980s,
when Brazil entered a decade long period of economic depression and hyperinflation.

The “March to the West” deeply transformed the spatial organization of the Brazilian
economy. As shown in Figure 2, the share of the Brazilian population in the West rose from
5 percent in 1950 to 15 percent in 2010 and the share of the agricultural value added coming

from the West increased from 5 to almost 30 percent. The composition of migrants among

5The Brazilian States are officially divided in five broad regions based on socio-economic and geographic
features: Central-West, North, Northeast, Southeast and South. Our analysis focuses on the occupation
of the Central-West and the North, shown in Figure 1. For simplicity, we label “West” the broader region
comprising the Central-West and the North and “East” the rest of Brazil.



agricultural workers in the West mirrors the region’s increasing prominence. In 2010, the
overall share of migrants in the west was 15 percent, with some regions having more than
40 percent of migrants (see Figure 3, Panel a). Importantly, migrants came from all parts
of the East. Ten percent of migrants in the West came from Bahia, a state in the northeast
that is a large producer of cocoa, whereas 13 percent of them came from Rio Grande do Sul
in the farther south of Brazil in the frontier with Argentina, a region that specializes in the

production of soybeans and cattle (See Appendix Figure 8.)

2.1 Crop diffusion during the “March to the West”

As in other historical episodes of crop diffusion, researchers have underscored the impor-
tance of migrants’ knowledge in the expansion of the western agricultural frontier of Brazil.
The following passage from Sabel, Fernandez-Arias, Hausmann, Rodriguez-Clare, and Stein
(2012), p.181, for example, highlights the importance of migrants from the south of Brazil -

called gauchos-, in the expansion of soybeans in the West:

The first movers had some experience with these crops in the southern part of
Brazil, a region with a favorable climate and adequate conditions for soybean agri-
culture/...] Such experience and technical capabilities allowed them to experiment
with soybean cultivation in other regions of the country at a time when inter-
national markets started to demand higher volumes of soybeans. The gatchos
also had experience with and knowledge about distribution channels for the prod-
uct, since soybeans had already been sold in foreign markets using international

trading companies, cooperatives, and national processors.

Corroborating this passage, Figure 4 shows the pattern of expansion of soybean for each
decade between 1970 and 2010. The figure shows that soybean production radiated from
the southernmost part of Brazil — the historical origin of soybean production — towards the
center of the country, first, and then to the northwest and even the northeast. In contrast,
the same Figure shows that aggregate migration proceeded from many regions in the East.
Figure 4 shows that these radiating patterns — which again, contrast with those of aggregate
migration — also describe the expansion of other crops, such as coffee.

While productivity shocks could explain part of the patterns in Figure 4, such shocks,
by themselves, are unlikely to explain why the expansion of specific crops is also associated
with the origin of migrants. In fact, Figure 3, Panel (b) shows that migrants account for
specialization patterns in the West with a simple accounting exercise. For each crop, it
measures the decrease in the share of farmers producing that crop in the West, if one removes

migrants originating in the top 10% of East regions in terms of employment. In the next



section, moreover, we show that migrants coming regions where a crop is intensively grown
are more likely to grow that crop upon migration. This link between the expansion of
a crop and the presence of farmers from regions specialized in that same crop suggests a
complementarity between the crop-specific knowledge of farmers and land quality. Unlike our
theory, this complementarity would not be present in a theory that explained crop expansion
patterns based solely on the exogenous evolution of productivities. Our theory, moreover,
offers a parsimonious explanation for the expansion of crops away from high-production

regions, based on the knowledge that farmers acquire there.

3 Data and Motivating Facts

This section describes the data and three facts about comparative advantage, specialization
and migration in Brazil. The first fact describe changes in Brazil’s revealed comparative
advantage during the March to the West that we seek to explain. The following two facts
study the effects of the crop employment in farmers’ origin on their earnings and crop choice

in the destination.

3.1 Data

We collected data on migration, employment, agricultural production and trade in Brazil
between 1970 and 2010. Our final data contains 137 regions distributed across 27 States.
Here, we provide an overview of the datasets employed in our analysis. See Appendix A for
a detailed description of the datasets.

First, we source data on migration and employment from the Brazilian demographic cen-
suses of 1980, 1991, 2000 and 2010. For each worker, we observe her current and previous
municipality of residence. We also observe the activity in which an individual is employed
and her earnings. There are roughly 170 activities in each year of the census. Within these
activities, we identified 14 major agricultural crops that are systematically found across waves
of the census: banana, cassava, chicken, cocoa, coffee, cotton, corn, fish, fruits and horticul-
ture, livestock, rice, soy, sugarcane and tobacco. We call workers employed in agriculture as
farmers.

Second, we bring data from PAM (Produ¢do Agricola Municipal), which provides annual
information on agricultural revenues per crop at the municipality level since 1974 and state
level since 1930s. To obtain production in non-agricultural sectors, we collected data from

the Brazilian Statistical Bureau (IBGE)® on value added of services and manufacturing. We

6 Instituto Brasileiro de Geografia e Estatistica.



adjust all the nominal values from Brazilian datasets according to dollar values for value
added by sector from the UN National Accounts.

Third, the trade data comes from the Brazilian Ministry of Development, Industry and
Foreign Trade (MDIC) and is available annually since 1995. It contains information on total
exports and imports from every state of Brazil to external markets disaggregated according
to the harmonized system at the 6 digit level. We classify these goods to match the 14 crops
used in our analysis. We complement our dataset with information from FAOSTAT, which
contains aggregate trade data for Brazil and the rest of the world, broken down by crops.

Finally, we combine our production and migration data with information on the highway

network in Brazil to calculate the travel distance between micro-regions.

3.2 Three Facts about Migration and Knowledge

Fact 1: Comparative Advantage. Brazil gained comparative advantages in crops
exported by the West.

In what follows, we use a common measure of revealed comparative advantage (hereafter,

RCA)
XBE ) $ e XEE
XY ) e XY

where k is an index for the goods from a sector, K the set of sectors and contains all

RCAy =

(1)

crops and a non-agricultural activity, X the exports of Brazil and X}V the global exports.
The RCA measures the specialization of Brazilian exports in crop k, relative to the world’s
specialization in the same crop. A number above one suggests Brazil has a comparative
advantage in crop k.”

Table 1 shows that, in 2010, Brazil exports 5-10 times more coffee, livestock and tobacco
than the rest of the world, and 15-20 times more soybeans and sugarcane. Brazil has changed
substantially its comparative advantage relative to the world. There was a large expansion
in the RCA of cassava, chicken, livestock, soy, sugarcane and tobacco. For recent years, we
can disaggregate the RCA by region. The West has substantially larger RCA in soy and
cattle, which are key agricultural goods in the export basket of Brazil. These agricultural

goods account for roughly 40% of Brazil’s agricultural exports and 16% of its total exports.

"Since Balassa (1965), the revealed comparative advantages has been used extensively in the literature to
examine the patterns of specialization. For example, Goldberg, Khandelwal, Pavcnik, and Topalova (2010)
and Menezes-Filho and Muendler (2011).



Fact 2: Influence of Migrants’ Origin Region. Upon migration, farmers origi-
nating in regions with high crop employment are more likely to grow that same

crop and earn higher incomes than other farmers doing so.

To investigate the influence of a migrant farmer’s origin region on her farming choices and

her earnings, we estimate

log (Yijkt) = Lk + tije + log(Lsgi—1) + €ij .kt (2)

where ¢ indexes the origin region, j the destination region, k£ the agricultural activity and ¢
the year.® The parameter a captures the elasticity of the outcome (y;;x:) with respect to the
number of farmers in the origin ¢ producing & in period ¢t —1 (L; x:—1). We estimate equation
(2) using two dependent variables: the total number of agricultural workers and the average
income of agricultural workers. To gain precision, we stack data for the years ¢ = 2000 and
t = 2010. We use the number of farmers lagged by thirty years as our measure of L; j;_1.

Equation 2 is based on the idea that workers learn and are more productive in the
production of a good when there are more workers producing this same good nearby, following
a large literature in economic geography and urban economics studying external economies.’
Our specification captures how much workers retain of the knowledge that they acquired in
an origin as they migrate to new region.

Our identification of « is based on the assumption that, conditional on migration choices,
the size of the workforce in a specific crop in the origin is not systematically correlated with
local characteristics of the destination or to general characteristics of migrants from a specific
origin in a specific destination that are not crop-specific. To implement this approach, our
regression includes a rich set of fixed effects. The term ¢, is a destination, crop and year
fixed effect that captures the effect of any natural advantage or price shock that is common
across agricultural workers in destination j producing crop k. The term ¢;;, is a destination,
origin and year fixed effect that captures any factor that is common for farmers from region ¢
producing in j such as human capital and bilateral migration costs. We exlude non-migrants
from our regressions to focus on how migrants shape their destination region and also to
avoid including the same farmers in both sides of equation (2). Finally, we present Poisson
estimates of equation (2) due to the presence of zeros.

Figure (5) shows the variation that identifies the coefficient o in both regressions, and

suggests a log-linear relationship between both dependent variables and the crop employment

8Earnings is measured in the data by total income.

9We use a log-linear formulation, similar to that adopted in several papers in economic geography and
urban economicswhen modeling external economics, including Ahlfeldt, Redding, Sturm, and Wolf (2015)
and Bartelme, Costinot, Donaldson, and Rodriguez-Clare (2019).
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in the origin. Panel A in Table 2 shows OLS estimates of equation (2) using the number
of farmer migrants as the dependent variable. We find that an increase in the number of
agricultural workers in the region of origin in a given activity of 1% increases the number of
agricultural workers in the destination in this same activity by 0.06%. As we include origin
and destination fixed effects and controls for socio-economic characteristics , we obtain similar
point estimates. In column column 4, we narrow our estimation to the micro-region to better
control for unobserved characteristics in the destination and find similar qualitative results.
Panel B shows that the elasticity of migrants’ earnings with respect to the number of farmers
in the origin is between 0.02%-0.04% across the same specifications. We conclude that the
employment structure in the region of origin shapes the decisions and earnings of migrants,
consistent with crop-specific productivity increasing in the amount of employment in that

crop at the origin.

Fact 3: Farmers Composition. Agricultural revenues increase with immigration
from regions employing many farmers in that crop, after controlling for employ-

ment.

To study the relationship between the composition of farmers in terms of their region of

origin and agricultural output in a region, we estimate

Lij
log (Yjkt) = tj + trye + Y0 log Ljre +71log E Lﬂv "Lt ekt (3)
N—— - 7.kt
Abundance N -~ _
Composition

where L;; s is the flow of workers from 7 to j producing crop k in period ¢. We examine the
relationship with total revenues y; i, and its decomposition into price and quantity effects.
The first set of fixed effect on the right hand side captures any level effect such as the size of
a region or the overall demand for agricultural goods and the second one captures any crop
specific characteristic such as the land intensity. When the composition term is larger for a
given destination and crop, then farmers come from origins that are more specialized in the
production of this crop.

Table 3 shows, first, that a 1 percent increase in the abundance of farmers in a region is
associated with a 0.9% increase in revenues. Second, it shows that a 1 percent increase in the
average number of farmers in the origin is associated with a 0.15% increase in revenues, even
controlling for the abundance of farmers, which indicates that the composition of farmers
is also strongly associated with total size of the sector in a region. These results hold
in magnitude when we look at the quantity produced. We find that the prices implied

by revenues and quantity are negatively correlated with the level and the composition of
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farmers.'?

Taken together, Facts 2 and 3 motivate the formulation of a model where farmers learn
how to produce crops that are prevalent in the region where they live and that, upon migra-
tion, they carry and deploy their acquired knowledge in their destination region. In the next
section, we introduce migration as a source of comparative advantage into a general equi-
librium model and use it to assess the role that migration played in Brazil’s transformation

captured in Fact 1.

4 Model

In this section, we develop a dynamic spatial economy model in which comparative advantage
is driven by land productivity, labor supplies, and the good-specific knowledge of migrants.
We develop the model with two goals in mind. First, we give a structural interpretation to
the reduced form regressions in the previous section. Second, we use the model to examine
the mechanism through which migration shapes the evolution of comparative advantages.

Below, we present a simplified version of the model to economize on notation.

4.1 Environment
Geography and Commodities.

We focus attention on a Home country, which we divide into j = 1, ..., I regions, and a rest of
the world composite, denoted by F'. There are k = 1, ..., K sectors and each region produces
an unique variety in each sector. Time is discrete, and indexed by t. Iceberg trade and
migration costs deter the flux of agents and goods across space. In each time, the geography
of the economy is given by a set of natural advantages, total land endowments, a matrix of
bilateral trade costs and a matrix of bilateral migration costs: {Ajykt, F[N, Tij kit umkt}. We

omit time indexes whenever unnecessary for our presentation.

Technology.

A continuum of farms produce in sector k, region 7. A manager with ability s rents land and
produces according to

Gk (8) = Ajps' VD,

10A concern with Fact 2 above is that crop employment in the origin region does not increase productivity,
but rather increases the prices migrants collect. This regression indicates that, while farmers from specific
origins might have access to better prices in the market, this effect is not sufficiently large to overturn a local
supply effect associated associated with higher productivity.
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where 7y, measures the land intensity of crop k.!!

Agents.

People live two periods, young and old. An adult at time ¢, upon observing her ability,
decides where to live, what sector to work on and spawns a child. To simplify matters,
only adults consume, and they ignore their child’s utility. Adults have constant elasticity of
substitution (CES) preferences between K sectors, with elasticity of substitution o, and a
CES preferences between varieties of each sector, with an elasticity of substitution 7. Let
Lj; denote the adult population at time ¢ in j.

Adult workers maximize welfare by choosing where to live and in which sector to work
at time t:

Hl,%X Wz‘j,ktgi,kty
]’

where preference shocks are drawn i.i.d from G (¢) = exp (—e*) and Wi is the systematic

component of welfare. This systematic component is given by

Wi kot Si, ket
Wit = —J:RETURY 4
v Mgkt P’ @)
where wjj, is the wage per efficiency unit of labor (i.e., the return to a unit knowledge),
Ikt Tepresents iceberg migration costs that reduce utility directly, and P;; is the CES price
index of aggregate consumption in destination region j. Reflecting our empirical findings,
si ke 1s a farmer’s knowledge to produce in sector k£, which depends on the region she comes

o—1 1 n=1

o—1 1 n—
1 1 1 o — el o n — n
from. The CES price indexes are given by P, 7 = > ai Pig and P = > i Di g » Where

ay, is a preference shifter.'”
A child born in 7 at time ¢t — 1 is characterized by a vector of sector-specific productivities,

si k¢, which depends on the employment structure in the region where he is born.

Knowledge Endowment

A worker’s knowledge to grow each crop depends on her origin region: s; 5 = s(L;ki—1) -
In particular, motivated by our empirical findings, we assume that knowledge depends on

crop-specific employment in the origin region through the following functional form:

Sikt = gkL;'B,kt—l‘ (5)

HFor simplicity in presentation, we write down this technology as having unitary elasticity of substitution
between land and labor. In the quantification, we work with a CES production function with elasticity p.
12Workers can migrate within the Home country, but not between Home and Foreign.
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Land supply

We assume that every period there is an upward sloping supply of land for productive uses,

given by
¢
it
bje + r]g,t

szt = vat' (6)

In this equation, ¢ is the partial elasticity of supply and b, stands for the opportunity use

of land, which varies across regions and time.

4.2 Equilibrium

Taking the price of sector k, p; i, and the rental rate of land, 7;, as given, managers maximize
profits. The optimal demand for land, ;, (s),and output, g; (s), increase linearly in farmer’s

knowledge, s:

1

1=
ik (s)=s (%Pj,kflj,o ,

J

and

Tk

Pk T
Gk (5) = KqrAjrs (#) ;

"

where K, = () =/ A7)

The farmer’s earnings correspond to the profits of managing a farm, which are also linear

in the farmer’s knowledge:

Tk
E—

_1
Tk (8) = Kz kS (pj,kAj,k) =g rjl

To define the equilibrium, it will be useful to write the unit cost of producing a unit of
the good as a function of rental rates of land and efficiency wages. Defining efficiency wages
as w;; = Tk (s) /s, i.e. as earnings per unit of knowledge, equilibrium unit costs are given
by

— 1— :
where we also define ¢;p = r; w; )"

As a result of utility maximization, the share of region j’s expenditure in sector k£ goods
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produced in region 7 is given by:

(CjaTijpe] Aipr) "

Zi, (Cz",ktTi’j,kt/Ai’,kt)17”.

Tkt =

Next, using the definition of the observable component of welfare (4), optimal worker sorting

gives the share of workers from ¢ choosing to work in region j and sector k, \;; it

I/Vi’?

Aijkt = _i’kt (7)
St

where and ZF, = ) i > [wjkesine/ (1ij e Pye)]” It follows that the flow of workers from i to

region j, sector k is L;j xt = NijreLli—1. We define the effective units of labor migrating from

1 to region j, sector k as
Eijkt = SigeNij e Lig—1- (8)

Finally, reflecting the land grants program in Brazil, we assume that workers become landown-
ers when they move to a region.

To close the model, we note that total expenditure in region j reflects payments to factors
there

Xjt = E Wy ke By e + 150 Hj g,
k

and sectoral expenditure, X, reflects the preferences described above.

We are now ready to define an equilibrium for this economy. We break down the equilib-
rium in two parts, as in Caliendo, Dvorkin, and Parro (2015): a goods market equilibrium,
which takes migration flows as given, and then the migration equilibrium. A competitive
equilibrium is a sequence of allocations that satisfies both the goods market and the migration

equilibrium. Finally, we also provide a definition of a steady state equilibrium.

Goods market equilibrium in period t.

Given the geography at time ¢, migration flows {L;; s }, ., , and past labor allocations, {L; j;—1}

ijk
at time ¢, a goods market equilibrium is a set of factor prices and allocations of efficiency
units of labor {Tj7t ({Lij,kt}) y Wy kt ({Lij,kt}> 7Ej,kt ({Lij,kt})}jk such that:

B3In taking the model to the data, we allow for trade imbalances, which we omit here to simplify the
exposition.
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1. The market for efficiency units of labor clears in region j and sector k:

wj,ktEj,kt = (1 - ’Yk) E Wij,kth,kt-
J

2. Land markets clear in region j:
riHje = g Yk E ikt X kts
k J

3. Total immigration into region 7, sector k£ determine the effective supply of labor there:

Ejin= g Siget (Ligt—1) Lijkt,

i
where the function s, is defined in equation (5).

In the definition above, prices and allocations in the goods market equilibrium at time ¢

depend on migration flows and past allocations, which introduce dynamics into the system.

Migration equilibrium in period t.

Given geography at time ¢ and labor allocations in period t — 1, {L; x—1} , a migration equi-
librium at time ¢ is a set of migration flows, labor allocations and prices:{ L;j k¢, W;xt (Lijt),
it (Lijkt), Ejke (Lijre)} for regions ¢ and j, and sector k, such that migration flows evolve

according to optimal sorting of workers for each pair of regions 7 and j, and each sector k:

Lij e = Nij e Lii g1, (9)

where \;; i is given by equation 7.

Finally we define a competitive equilibrium for this dynamic model.

Competitive equilibrium.

Given a geography for ¢ = 1,...,00, and initial labor allocations in period 0, {Li,kO}i,kv
a competitive equilibrium is a sequence of migration flows, efficient labor allocations, and
prices, {Lijkt,Eikt, Wikt, T, tioq that satisfy the goods market and migration equilibria in
each period t.

To study the long-run behavior of this economy, we define a steady state equilibrium

next.
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Steady State Equilibrium.

Given a constant geography for ¢ = 1,...,00, a steady state equilibrium is a competitive
equilibrium in which migration flows, labor allocations, and prices, are unchanged: L;ji =

Liji, Wiy = Wik, riy =74, and By = By, VI =1,...,00.

Discussion of the equilibrium.

The properties of the equilibrium are shaped by the interaction of agglomeration and dis-
persion forces. First, the idiosyncratic draws are a force towards populating all region-crop
cells. The strength of this force is governed by the dispersion in preference shocks k: as
k decreases, individuals have stronger idiosyncratic tastes for working in different regions
and activities. Second, the external sector has a downward sloping demand for the goods in
Brazil; this acts as a force against full agglomeration in a given crop, within regions. The
strength of this force is governed by 7): as ) grows, terms of trade turn against Brazil faster as
output in a given crop increases. Third, our assumptions on technology yield high marginal
values of labor when L;;, = 0, which provides an incentive for workers to be employed in
each region-crop combination.

The opposing, agglomeration force is given by the spatial allocation of knowledge: if
there is a large number of workers populating a region-crop cell, workers want to locate there
because their productivity is larger. The strength of the agglomeration force is governed by
(. Note that this force only operates in the steady state, since in each period past allocations
are taken as given. In other words, at any given time, conditional on past labor allocations,
ours is a standard model of migration and trade in which there are no agglomeration forces.
Relatedly, there is a dynamic externality in the way we model knowledge diffusion, since

workers do not internalize their impact on the productivity of the next generations.

4.3 Migration and Comparative Advantage

In this environment, migration shapes comparative advantage through two channels. First,
by increasing the effective labor force, Ej;;, migration affects the productivity of land and
raw labor. This force is captured in the model by a decrease in w;x. Second, relative
factor abundance shapes comparative advantage, as in the classic Heckscher-Ohlin model.
Migration alters relative factor proportions across regions and, everything else constant, large
migration inflows favor the production of labor-intensive crops.

To see how knowledge shapes comparative advantage, consider a simplified version of the

model in which labor is the only factor of production. In that model, we say that a country
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i as having comparative advantage in good k (relative to country i’ and good k') if

Ai,kei,k Ai’,kei’,k

Aj g€ Ai preir g ’

where we define e;, = FE;;/L; as the average efficiency per worker in country i, sector
k (see French, 2017). This expression shows how comparative advantage results from the
interaction of natural advantage and worker efficiency. Our paper provides a theory of the

formation of worker efficiency through labor reallocation.

5 Taking the Model to the Data

This section describes how we quantify the exogenous parameters of the model {x, 3, 6,
Vi Tijhts Mijkts Ajkts ﬁj,t, bj+}. We map the model’s goods-market equilibrium to the year
2010, while taking region and sector labor allocations L; 1;—1 as we observe them in the year
1980. Thus, we effectively set a time period to 30 years. We choose these periods to strike
a balance between the quality and availability of data, and a time period early enough that
we can observe the transformation of the Brazilian economy due to the March to the West.

In what follows, we begin by connecting our model explicitly to the reduced form evidence
in Fact 2. This approach allows us to measure directly the key elasticities 8 and x in the
micro data. With these elasticities in hand, we discuss our calibration procedure, including

the data we match and the parameters we choose.

5.1 Elasticities: Connecting the Model to Reduced Form Evidence

We use the model to uncover two key parameters: the dispersion parameter, x and the
origin elasticity # (which is new to our theory). First, using equation (5), and letting
Mij et = uij,tefj > and s = §kekat, our model suggests that the earnings of migrants from ¢

into j growing crop k relates to the employment in that crop at the migrants’ origin:

log earningsj7kt = log (wj,ktsi,kt)

. earnings
= Ljgt + Lije + Blog Ly jpe—1 + U ki ; (10)
where we define ¢, = logw; s + log 5, and ugy,""* = logef,,. This regression allows us

to uncover the parameter S and provides direct evidence for our mechanism. Note that to
identify 8 we assume that, conditional on fixed effects, the remaining component of knowledge

in €, is uncorrelated with L; ;1.
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Second, we examine how employment shares within destination-crop relate to migrant ori-
gin. In our model these employment shares are linked to migration flows, L;; 5:. Substituting

equation (5) and (7) into (9), we obtain our econometric specification:

log Lij ke = log(Nij gt Lii—1)

= log(Nijxt) + log(Lis—1) (11)
= log w; st + log s; it + log Pj ¢ + log fuij e — log =iy +log(Li¢—1) (12)
= tjgt + tijs + kBlog Ly g1 + u?;ftmmn, (13)

where ¢;;; = log L1 — k(logpijr —logZit), tjke = K (logwjs +logsy) — log Py, and
migration n
ijkt gkt

coefficient in the previous regression.'*

= rlogey,, — rlogel,. Knowledge of § allows us to disentangle x from the

As in common in the empirical trade literature, our data contain a number of zero mi-
gration flows. Therefore, we also estimate equations (10) and (13) nonlinearly via Poisson
PML (Santos Silva and Tenreyro, 2006), which allows us to include observations where the

dependent variable is zero.!

Since our data set is comprised by samples of the Brazilian
census, an interpretation of the errors in the equations above is sampling errors, which keeps
the estimation consistent with our theory.

Table 2 shows results from PPML estimates of equations (10) and (13) in column 4.
We find substantially larger point estimates than in our OLS results in columns 1 through
3. This occurs because the PPML gives a higher weight to large values and, as we can
see in Figure 5, the influence of the number of farmers in the origin becomes steeper for

higher values. Moreover, PPML also incorporates information from zeros in the dependent

140ur model also rationalizes our regressions for revenues R; x;. In the model, regional revenues in crop k
are given by

1
=
R Dj kA K I Eij ke
gkt = Kk T 3.kt B
j ; t

where ki, is a constant. Taking the logs gives

Ly _
log (Rj,rt) = log (ij) +log {Z #M X Six"v‘t—lLf,ktl} gkt
%

jikt

Abundance Composition

1/

_ 1=k
where we defined u; ¢ = K, ( rj:" Dkt Akt

15Gpecifically, since we have a large number of fixed effects, we estimated these equations using a concen-
trated likelihood function. This technique partials out the fixed effects from the likelihood function before
the estimation of 8 and k.
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variable. For our calibration, we pick a value in between our OLS and PPML estimates
£ = 0.1. For the dispersion in preferences, our OLS and PPML results are similar and we
pick £ = 1.25. Our estimate of & is close to that obtained in recent papers (Monte, Redding,
and Rossi-Hansberg, 2015; Sudrez Serrato and Zidar, 2016; Bryan and Morten, 2015).'6

5.2 Quantification

We quantify the model in two steps. First, with a parametrization of trade costs, we adjust
composite productivities - which includes both natural advantages and factor prices - in
each region to match state-level trade flows and regional revenues.'” Second, we calibrate
migration costs using estimates of composite productivities. We then disentangle natural
advantages from composite productivities using factor prices implied by the model. We
provide a short summary next, and relegate details to Appendix B. Table 4 lists the parameter

values we use in our quantification.

Step 1. Composite productivities, preferences and trade costs

We calibrate composite productivities Tjk = ¢,/ A; , and preferences shifters a; in the model
to match revenues by region and crop and state-level trade flows with the foreign region. To
do so, we need a parametrization of trade costs and values for trade elasticities (7). We set
Mk in the non-agricultural sector to 5.5 and the one in the agricultural sector to 9.5 following
Caliendo and Parro (2015). We parametrize the bilateral trade cost between regions in Brazil
using 7;; = (distance;;)°", where distance;; is the travel distance between region i and j and
pick dr = 0.05 following Pellegrina (2018). We parametrize the trade cost between domestic
regions and the foreign sector as folows. We assume that every region must incur a trade
cost of 7;r to reach their state capital and, after then, they incur an additional international
component that is state, crop and direction specific, 7,pr, = TpTip and 7pik = T, pTip. All
trade costs with the region itself is normalized to 1. We calibrate a; to match aggregate
absorption, Tj,k to match revenues and 7, to match trade state-level trade flows. Using
trade costs, composite productivities and preference shifters, we can construct price indexes

for each region, which we use next to calibrate migration costs.

16 A common approach is to estimate the migration elasticity according to a gravity equation of the log
of migration flows on the bilateral distance between the point of origin and destination of workers. Monte,
Redding, and Rossi-Hansberg (2015) find a heterogeneity in commuting preferences of 3.3 using data for
commuters in the US. Morten and Oliveira (2016) find a migration elasticity to wages of 1.9 using the
Brazilian data and Bartik instruments.

17As a matter of accounting, before proceeding we calibrate transfers and consumption parameters to
match trade imbalances and the aggregate absorption of the economy. See Appendix
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Step 2. Migration costs, knowledge, and natural advantage

We assume that migration costs are not sector specific. We break it down into two parts:
a migration cost between state r and s, p,;)s(j), and a cost associated with the distance
between region i and j which we parametrize using (dist;;)° . We thus write migration
costs as [l = fr(i)s(j) (disti;) o

We parametrize knowledge using s; x; = Eka wt—1» Where 55, represents the aggregate state
of knowledge in the economy about the production of crop k and Lf wi—1 15 the origin-specific
component acquired by farmers.

Based on the parametrization of knowledge and migration costs described above, we
search for values of fi,(;)s(;) that make migration choices in the model match the observed
mass of workers flowing between states, values of d,; that makes the model match the overall
number of farmers living in their region of birth, and values of 55 that make the model match
the number of farmers in each activity k. In matching these statistics, we compute model
implied wages based on values for the knowledge parameter (3), the migration elasticity (k)
and the factor shares (7). We pick 8 and k from our reduced form procedure and set 7 to
match the value added share of land. Usingthe price index constructed in the previous step

and guesses of fi,(j)s(j), O and 53, we thus get model implied wages from

Wik Y s NijrLisin
1 — Yk ’

Ry, =

where R; is the observed revenue in a region. Since \;; is itself a function of wages, we
use a numerical procedure to find model implied wages. From the equation above, we obtain
predictions for migration, which we use to search for values of i,(ys(j), 0ar and 5;. Note that
this procedure does not impose a perfect match between migration flows in the model and
in the data, but it is still consistent with the perfect matching of the model in terms of trade
end revenues that we imposed to recover TUW

Finally, with model implied wages and land rents, we recover natural advantages (A, )

using Aj’]g = Cik (wj,ku Tj) /Tjk"

6 The Aggregate and Regional Effects of Migration

In this section, we evaluate the quantitative importance of migration as a driver of compara-
tive advantage. To gauge the aggregate importance of this mechanism, we ask what regional
and aggregate exports would have been in 2010, had there been no East-West migration since

1980. We then separate the contribution of changes in the allocation of raw labor over space
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from the contribution of workers’ knowledge. Our choice of policy counterfactual is loosely
guided by the policies instituted in Brazil around the mid twentieth century. We interpret
it as asking: What would have happened if Brazil’s central government had not provided

incentives for workers to populate the West?'®

6.1 Decomposing the Effects of Banning Migration to the West

To calibrate the model, we set t — 1 = 1980 and ¢t = 2010. We then consider two scenarios.
In the first, we calibrate the model as to match perfectly the data on production and trade
data in 2010. In the second, we set p;;,, — oo if 7 is in the East and j is in the West (or the
converse). We allow, however, for migration within the Fast and within the West. We call
these “baseline” and “no migration” simulations.

We use these two simulations to separate the effect of changes in land abundance from
the effect of changes in the composition of workers. First, we compute a counterfactual goods
market equilibrium (see 4.2) taking the stock of labor, L;; s, from the baseline simulation,
combined with the efficiency per worker of the “no migration” simulation, e; ;. That is, we
compute an equilibrium using the stocks of labor we see in the data, assuming each worker’s
productivity is the counterfactual one, thus removing the effect of migrants’ knowledge.
Second, we compute another counterfactual goods market equilibrium, taking the stock of
labor from the “no migration” counterfactual, but using the efficiency per worker of the
baseline simulation. This counterfactual removes the effect of labor abundance.

Our first result concerns Brazil’s agricultural sector as a whole. As discussed before,
Brazil’s agricultural RCA increased from 3.74 to 3.38, as discussed before. Absent migration,
the RCA would rise counterfactually to 4.33, which we interpret as saying that migration
accounts for 20 percent of the actual increase. Of this increase, about 20 percent comes from
knowledge reallocation.

Moving on to individual goods, Table 5 shows the effects of banning East-West migration
on the RCA of each crop, which speaks directly to the evolution of Brazil’s external sector
summarized in Fact 1. The first column shows the export share of each crop in the year
2010, highlighting the importance of soy in total agricultural exports. The second and third
columns show Brazil’s observed RCA in 1980 and 2010, while the fourth column shows
the counterfactual RCA in 2010 after banning East-West migration. A main message of the
table is that migration contributed to Brazil’s export boom, precisely in the crops in which it
experienced a gain in RCA, namely, soy, livestock, and corn. For example, migration accounts

for about 36 percent of the RCA increase in soy, 11 percent of the increase in livestock, and

18We are currently working on recovering empirically the migration costs in previous periods as to obtain
a more accurate sense of the role of these policies.
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26 percent of the RCA increase in corn. Likewise, it accounts for 39 percent of the decrease
in coffee. The columns labeled “Labor” and “Knowledge”present the contribution to these
RCA changes that comes from removing the effect of raw labor movement and knowledge
reallocation, expressed as a percent of the total change induced by banning migration. Across
crops, changes in labor abundance account for at least 70 percent of the changes in RCA. As
the table shows, migrants’ knowledge accounts for a varying fraction of total changes, and
about 20 percent for soy, the flagship crop of Brazil’s external transformation. For livestock,
however, the effect of knowledge reallocation is negative, since by 1980 a critical mass of
ranchers was already present in the west. Across crops, the sum of the two last columns is
close to one, suggesting there are relatively small interactions between these two effects in
our decompositions.

The previous results show that Brazil’s comparative advantage was substantially affected
by migration. Our next set of results link these changes in specialization to changes in welfare
(Table 6). We define aggregate welfare as the weighted average of expected utility across

regions within Brazil,

Liioso
welfare = E 5 — 54,1980,

L i’, 1980

where Z; 1950, defined in Section (4), can be interpreted as the expected utility of workers born
in region 7. The first column shows the Gains from Trade (GFT) in our baseline calibration,
defined as the welfare loss associated with going to autarky. Moving to a no-trade scenario
leads to 8.1 percent losses, while moving to a scenario of no agricultural trade leads to 3.4
percent losses, which confirms the importance of the agricultural sector in Brazil. The second
column repeats these calculations in the no East-West migration scenario, showing that the
gains from trade decrease marginally relative to the baseline (about 3 percent lower). The
reason is that Brazil’s GF'T in this period are determined in large part by the exchange
of agricultural goods for non-agricultural goods. While migration entailed large swings in
specialization within the agricultural sector, on aggregate these reallocations allowed for
small increase in import shares of non-agricultural goods.

Columns three and four of Table (4) focus on the gains from internal migration, defined
as the loss from banning migration, relative to the baseline. Note first that these gains are
comparable to the gains from agricultural trade, which means that migration had a positive
welfare effect in the aggregate by allowing workers to move to low density areas in the
West. Second, the gains from migration are about 9 percent lower in the absence of trade,

suggesting that international trade is key to how the West absorbs migrant workers.
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6.2 Steady-State Effects on Employment and Exports

To understand the long run implications of knowledge reallocation on aggregates such as
sectoral exports and employment, we calculate the steady state of two versions of our model.
The first one is our baseline calibration, in which g = 0.1. The second shuts down the
reallocation of knowledge due to migration, but allows for labor to allocate freely to the
most productive regions, by setting § = 0. Both calibrations, by construction, fit exports
exactly in t = 2010. Figure 7 shows large steady-state differences across states, in these
two calibrations. We find permanent increases in aggregate exports of up to 50 percent for
individual crops. In line with our previous results, exports of soy are permanently larger
by more than 30 percent, when knowledge reallocation is present. Knowledge diffusion also

permanently reduces the exports of other traditional crops, such as coffee.

7 Conclusions

We study how the allocation of labor within a country shapes comparative advantage at the
regional and aggregate level. We disaggregate these effects into two channels: the allocation
of raw labor and the spatial reallocation of workers’ knowledge. In the case of Brazil, where
large migration coincided with a large change in comparative advantage, we show, first, that
migration transformed Brazil’s external sector. Had there been no migration since 1980,
Brazil’s comparative advantage in new commodities, such as soy, livestock, and corn, would
have been substantially weakened. We also show that the spatial reallocation of knowledge
is important in the aggregate and for individual crops, such as soy, accounting for about 20
percent of the aggregate changes in exports due to migration.

Our results also contain policy lessons on the formation of new exporting sectors. We find
that migrants can substantially boost the expansion of new exporting activities, specially if
they bring knowledge about these activities. While our results have direct implications for
developing countries that showed interest in replicating the Brazilian experience with the
expansion of new agricultural sectors, we believe that the underlying mechanisms considered

in this paper should also be relevant for other sectors of the economy.
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8 Tables and Figures

Figure 1: Meso regions and the West of Brazil

Figure 2: Migration and Agricultural Land Use in the West of Brazil
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Notes: This figure highlights the increase in the share of the Brazilian population living in the west. This
figure shows 3 years moving average.
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Figure 3: Regional Migration and Crop-Choices in 2010

(a) Distribution of regional migrants between meso-regions
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(b) Contribution of migrants from specialized regions in the East to share of farmers in
the West
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Notes: Panel a shows the distribution of the share of farmers that are a state migrant across regions in
the West and in the East of Brazil. Panel b shows the share of farmers in the West who migrated from the
East and the share of farmers in the East that migrated from the West. The average share of state migrants
among agricultural workers in Brazil is 15%.
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Figure 4: Population and Crop Expansion During the March to the West, 1970-2000

(a) Pop 1970
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(b) Pop 1990
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(c) Pop 2010
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Notes: This figure highlights changes in the spatial allocation of the population and the production of two
major crops in Brazil, soybeans and coffee. It shows that the diffusion of crops was not directly associated
with the expansion of the population to the region.
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Figure 5: Local Polynomial Regressions of the Influence of the Region of Origin on Crop
Choice and Earnings of Farmers in their Destination Region
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Notes: To compute these local polynomial regressions, we first absorb destination-crop-year fixed effects
from each variable.
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Figure 6: The Contribution of Knowledge Reallocation to Counterfactual Changes in Soy
Exports

(a) Total Change in Exports (b) Contribution of Knowledge Diffusion
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Figure 7: Effects of Knowledge in the Steady State
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Notes: Results show the difference in the steady state of the model with the knowledge mechanism relative
to the model without the mechanism.
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Table 1: The Revealed Comparative Advantages of Brazil

Activity Agriculture Rest of Ag Banana Cassava  Chicken Cocoa Coffee Corn
Brazil RCA 1980 3.74 1.22 1.25 0.2 6.5 15.59 17.28 0.23
Brazil RCA 2010 4.48 0.78 0.4 0.44 16.89 1.39 15.9 5.23
East RCA 2010 2.48 0.79 0.47 0.52 19.86 1.65 18.79 1.72
West RCA 2010 6.14 0.52 0 0 1.03 0 0.08 6.61
Activity Cotton Horticulture Livestock Rice Soy  Sugarcane Tobacco
Brazil RCA 1980 0.28 1.98 2.92 0.13 16.11 6.85 4.94
Brazil RCA 2010 4.95 1.19 10.2 0.98 22.61 29.67 9.5
East RCA 2010 3.36 1.39 6.29 1.14 15 33.57 11.26
West RCA 2010 2.8 0.11 14.54 0.06 43.37 2.07 0

Notes: This table computes the revealed comparative advantages (RCA) of Brazil.

RCA 1980 uses data

from FAO to compute the RCA in 1980 and 2010. We use the average of 1980-1985 and 2010-2015 to

construct our measure of RCA.

Table 2: The Influence of the Region of Origin on Earnings and Employment of Agricultural

Workers in their Destination Region

OLS OLS OLS PPML
(1) 2) (3) (4)
A. Farmers in destination (logs)
Farmers in origin (logs) 0.089***  0.074***  0.064™** | 0.160***
(0.007)  (0.007)  (0.006) | (0.007)
R? 0.696 0.730 0.737 -
Obs 8308 8308 10989 46021
B. Earnings (logs)
Farmers in origin (logs) 0.022%**  (0.023***  0.022%H* | 0.124%**
(0.007) (0.007)  (0.007) (0.012)
R? 0.716 0.740 0.784 -
Obs 6860 6860 8283 40089
B 0.022 0.023 0.022 0.124
K 4.045 3.217 2.909 1.290
Destination-Crop-Year FE v v v v
Destination-Origin-Year FE v v v v
Controls v
Micro-region v

Notes: * / ** / *** denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at the
destination-crop-year level in parenthesis. The unit of observation is a given at the destination-activity-
origin-year. Columns 1, 2 and 4 use data at the meso-region. Columns 3 and 5 use data at the micro-region.

Controls include: age, age squared, time in municipality, years of education, share of black and share of

white. Explanatory variable is the log of agricultural workers in the same activity in the region of origin
lagged by thirty years (L;; x—1)). We include the census of 2000 and 2010 in our regressions. We exclude

non-migrants from sample.
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Table 4: Summary of Calibrated Parameters

’ Parameter \ Moment or Source \ Parameter Value ‘
15} Fact 2, Income regression 0.1
K Fact 2, Both regressions 1.25
Vi Value added share of land crop-specific
p Restuccia, Yang, and Zhu, 2008 0.5
Nk, Agric. Caliendo and Parro, 2015 9.5
TManufacturing Simonovska and Waugh, 2014 5.5
o Sotelo, 2018 2.5
¢ Costinot, Donaldson, and Smith, 2016 2.8
Tij Pellegrina, 2018 distance”
Ths, TsF State-to-Foreign Trade state-specific
Lij Aggregate share of migrants region-specific
Lhrs State-to-state migration region-specific

Table 3: Relationship between the Composition of Farmers and Agricultural Output

(1) (2) (3)
Revenues Quantity Prices
Dep var in logs: (1) (2) (3)
Log(Farmers) 0.914%***  0.981***  -0.067***

(0.037)  (0.039)  (0.016)
Log(Composition of Farmers) 0.145***  0.176***  -0.030*
(0.041)  (0.041)  (0.015)

R? 0.861 0.834 0.889
Obs 1509 1509 1509
Crop-Year FE v v v
Destination-Year FE v v v

Notes: * / ** / ¥ denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at the
mesoregion level in parenthesis. The unit of analysis is a mesoregion and crop. The explanatory variable
is the log of the weighted average of L;r:+—1 according to the share of migrants from this origin in the
destination. Regressions include the years of 1990, 2000 and 2010.
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Table 5: Effects of Banning East-West Migration on Brazil’'s Aggregate RCA

Activity Shr 2010 RCA 1980 RCA 2010 RCA w/o mig Labor Knowledge
Non-Agri 68.4 0.63 0.74 0.75 0.88 0.18
Rest of Ag 2.84 1.22 0.78 0.77 0.86 0.13
Banana 0.02 1.25 0.4 0.41 0.9 0.13
Cassava 0 0.2 0.44 0.44 -1.36 3.26
Chicken 3.54 6.5 16.89 17.39 0.94 0.09
Cocoa 0.14 15.59 1.39 1.44 0.91 0.12
Coffee 2.38 17.28 15.9 16.45 0.88 0.14
Corn 0.91 0.23 5.23 3.9 0.87 0.2
Cotton 0.41 0.28 4.95 4.48 0.84 0.22
Horticulture 1.63 1.98 1.19 1.22 0.93 0.11
Livestock 2.37 2.92 10.2 9.38 1.07 -0.09
Rice 0.13 0.13 0.98 1 0.73 0.36
Soy 9.29 16.11 22.61 20.26 0.87 0.2
Sugarcane 4.82 6.85 29.67 30.26 0.92 0.1
Tobacco 3.09 4.94 9.5 9.75 0.92 0.12

Notes: This table shows the decomposition of our counterfactual analysis. The first column shows the
change in exports when we ban migration between the east and the west. The second and third column
computes the relative importance of abundance of farmers and the knowledge of farmers for the change in
export shares.

Table 6: The Gains from Trade and the Gains from Migration

Gains from Trade  Gains from E-W Migration

Base No Migration Base No Trade
All sectors  8.09 7.84 3.18 291
Agriculture 3.44 3.35 3.18 3.09

Notes: This table shows the decomposition of our counterfactual analysis. The first column shows the
change in exports when we ban migration between the east and the west. The second and third column
computes the relative importance of abundance of farmers and the knowledge of farmers for the change in
export shares.
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A Data

This section describes in detail the collection of datasets and the construction of the variables

used in our analysis

A.1 Data

Employment and Migration

Our data on migration and employment comes from the decadal demographic and economic
census organized by the Brazilian statistical institute IBGE (Instituto Brasileiro de Geografia
e Estatistica). We use information from the editions of 1980, 1991, 2000 and 2010. The infor-
mation from the census is divided in two questionnaires, an universal one with basic questions
about education and the family structure, and a sampled one with detailed information on
migration and employment. In 1970 and 1980, 25% of the population was sampled for the
detailed questionnaire. For 1990, 2000 and 2010, about 25% of the population was sampled
in smaller municipalities and 10% for the larger ones. The municipality thresholds defining
the sample size depend on the year of the census. To illustrate the final sample size, in 2000,
the census included about 12 million individuals in the sampled questionnaire.

Since the census of 1980, we have information about the current and the previous munic-
ipality of residence of each invidual in the case of migration. The exception is the census of
2000 which asks individuals their previous state of residence, their municipality of residence
in 1995, but not their previous municipality of residence. In this case, we found that for 80%
of the observations the state of the municipality in 1995 was the same as the previous state.
Therefore, we used the information on the municipality of residence in 1995 as a proxy for
previous municipality. Since less than 0.1% of the population was born abroad, we ignore
international migration.

The census contains a specific module of labor employment with questions about the
sector of employment of the worker. In each edition, there are more than 150 sectors. About
25 of them can be classified as agricultural activities. We identified 14 agricultural activities
that have definitions that are consistent over time and that can also be found in other datasets
used in the paper: banana, cassava, chicken, cocoa, coffee, corn, cotton, fish, horticulture and
fruits, livestock, rice, soy, sugarcane and tobacco. In addition, the census ask questions about
total revenues of a worker. Since many agricultural workers do not receive their earning in
the form of wages, which is the case of managers who are about 30% of our sample, we use
data on total income instead of their information on wages. Importantly,this measurement

is theoretically consistent with our model.
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Agricultural Production

We used data from PAM ( Producao Agricola Municipal), which is organizede by the Brazilian
census bureau. It contains municipality level data since 1974 for more than 20 crops and state
level data since 1930s for a subset of these crops. We combine this data with information from
the agricultural census on agricultural revenues from the agricultural census of 1960, 1970,
1996 and 2006, to obtain revenues in livestock and chicken. We organized the agricultural
activities defined in the agricultural census and PAM so that they matched the agricultural
activities that we identified in the demographic census. We found that the definitions were
highly consistent across the datasets: the correlation between the log of total revenues by
activity according to the agricultural census on the log of workers employed by agricultural

activity according to the demographic census is equal to 0.70.

Trade Flows

The data on trade flows come from the Comexstat, a website organized by the Ministry of
Development, Industry and Foreign Trade (MDIC). For each State, we observe how much
was exported and imported from abroad. According to MDIC, the trade data at the state
level is registred according to the location of production. The data is disaggregated by good
according to the harmonized system at the 6 digit level. We classified the trade flows accord-
ing to our 14 agricultural activities. We focused on the unprocessed versions of each good.
For example, for tobacco, we excluded manufactured cigars and, for wheat, we excluded pas-
try related goods. In our structural estimation, to obtain the global imports of each good,
we combined our trade flow data from Comexstat with trade data from FAO-STAT. Since
the FAO-STAT does not contain a category for fish, we assumed that 10% of the global trade
in agricultural commodities come from trade in fish and fishery products, which is consistent

with reports on the fishery industry from FAO.

B Details about the Calibration of the Model

In this section, we describe in detail the equations used in the calibration of the model. As

described in the main body of the paper, the calibration follows in three steps.

Recovering transfers (¢,t,)

We have S + 1 tranfers to calibrate in this section. We use data on revenues per region and
sector, R;;, and data on imports and exports between states and foreign countries, M. and
X
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We use the expression for total income in region @
I = Ri(1+t)(1+t,),

where R; is the total revenue in region i (R; = >, R;;). To calculate I;, we assume that

interstate transfers sum to zero

0= 3 R,

s€S i€ls ke

and adjust the values of ¢t to match the following aggregate identity

DY Ra(I4)=Y 3> Ra+ Y > (Mys— Xyo). (14)

s€S i€ls kek seS i€ls kek s€S kek

We can compute ¢ using data on revenues and trade. With values for ¢, we compute the

interstate transfer as

SO Ri(I+1(1+1) =D > R+ Y (M — Xp)- (15)

kel i€ls kel i€ls kel

Expression 14 provides 1 equation and 15 provides S equations. Therefore, we are exactly
identified on transfers.
Recovering composite productivities (Tj;), natural advantage (4,;) and prefer-

ences shifter (ay)

To recover sectoral productivities, we first have to parametrize our trade costs. As explained
in the main paper, we set 7;; = (dist;;)°", where dist;; is the travel distance between region i
and j. To trade with the foreign sector, we assume that 7,7, = TsprTir, Trik = TrskTri, and
that 7ppy = 1, where 7;p is the trade cost of region 7 to its respective State capital and 7,p
and T, are international trade costs. We have (I + 1)K sectoral productivities (A;x), 25K
international trade costs (75px and Tps ) and K preference shifters to estimate. We use data
on revenues per region and sector, R;, Vi € Z,, Vs € § and Vk € K, data on imports and
exports between states and foreign countries, M and X, for Vs € S and Vk € K.

Our numerical algorithm calibrates compositive productivities, trade costs and preference

shifters as follows. We start with an initial guess of composite sectoral productivities (7', =

(wi1 2ErlE JA; )t and preference shifter ay. For each guess, we back out the international
trade costs so that the model matches exports and imports in the data. We then compute

the implied expenditure of the economy on sector k from region i. Finally, we update the
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composite sectoral productivities and preference shifter, and keep iterating until expenditures
implied by the model match revenues in the data.

We explain the identification of the parameters in detail below.

Starting with a guess of T@k, TFjks TjF ks TFJ{; and ay, Vi, k. We construct price indexes

for each region using

1

T—-n
_ 1-—nm 1—nmm
Pjr= (E :Tij Tip+ Tk TFJf) ~
i

We then construct expenditure shares

Within each iteration of T} 1, we adjust aj, so that the model matches the apparent consump-

Z Eji = Z R, + Z(Mks — Xis)-
J

1€l seS

tion

Note that the level of a; is not identified. Therefore, we just normalize one of the values to
one.
We calibrate 74z to match state level exports as follows. Write region i’s exports to the

foreign sector (Epy) F in good k

(TikTsrkTir) o

Xik,F - — — EF,k'
(TFJf)lﬂ7 + Zses Zi/gs (Ti’kTstTi’F)
The state level exports are given by
(TikTstTiF) o
Xown =D = Erx. (16)

i€Ts (TF,k)l_" + Zses Zyezs (Ti’kTstTi’F)

We have S x K equations for (16), which we use to identify S x K trade cost parameters

Tsrk. Similarly, we calibrate 7pg, to match state level imports. For imports, we have

Nt — (T prTrskTri) "
Fsk — Z roal 1-n Yaal 1
sz, (TraTriTre) " + Xges 2oven,, (TawTig) '™

Ej . (17)

The equation above gives another S x K equations, which identify S x K parameters Tpg.
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In addition, we have the following set of equations defining revenues per region

Bu= Y e,
s ez, (TP Trk)  + Xges 2oper, (TroTig)' "

(TikTstTiF)l_n

— —_— 1—
(TF,k>1_n + Zses Zi’GIS (Ti’kTstTi'F) !

+

Ery

This provides I x K equations, which we use to identify I x K compositive productivities Tj,k.
We also have K equations for revenues in the external sector, which identify the K equations
for the external sector composite productivity. Note that the level of the composite sectoral
productivity is not identified. Therefore, we normalize all values to according to the average.
Finally, to recover A; ;, we construct model implied wages and land rents as described in the
paper. With these factor prices, we can disentangle Tjﬁk from A, ;. For the external sector,
we assume that changes in the Brazilian economy do not affect factor prices in the world, so

that 7', is fixed in our counter-factual scenarios.
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Table 7: The Gains from Trade and the Gains from Migration

Gains from Trade  Gains from Sorting
Base Random Mig. Base No Trade

All sectors  8.09 8.49 3.18 6.50
Agriculture 3.44 3.42 3.18 6.50

Notes: This table shows the decomposition of our counterfactual analysis. The first column shows the
change in exports when we ban migration between the east and the west. The second and third column
computes the relative importance of abundance of farmers and the knowledge of farmers for the change in
export shares.

C Additional Figures and Tables

Figure 8: State of Origin of Migrants in the West coming from the East
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Notes: This figure shows the proportion of migrants in the East of Brazil coming from each state
of origin in the West. It indicates that migrants come from a large variety of places. For example,
13% of migrants in the west come from Rio Grande do Sul, which is located to the extreme south
of Brazil, whereas 11% come from Bahia, which is located in the northeast of the country.

D Migration and Comparative Advantage

In this section, we explain how we derive the conditions for comparative advantage used in
Section 4. Following French (2017), we focus on conditions that characterize the relative
autarky costs of production between two regions and two crops.

In our trade environment, region j’s marginal cost (which equals its price) of producing
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crop k is given by:

AUT
PO = Dijk

= Cj,k/Aj,k~

Therefore, a region 7 has CA in crop k (relative to region j and crop £’) if its autarky relative

cost is lower:

AUT AUT
Bk _ Pl cik/Aik  Cin/Ajk (18)
Pt T PATT T aw /A ciw [ Ajw

To fix ideas, we specialize to a case in which labor is the only factor of production, meaning;:

Cik = Wi k-
Since wages are not equalized across sectors, we also need to solve for the equilibrium
wages. For simpliciy, assume preferences are Cobb-Douglas, with expenditure shares ay.

Then equilibrium wages are determined by

Wi kSik X ik ay,

Wi Sig X Nigt Oy
Kk+1 1
Wi kSi K g N WikSik  Sik [ Qk "
Wy k! Si k! Qg Wi k' Si k! Sik \ O/ .

Going back to the Comparative Advantage condition (18), we rewrite it as

Wi/ Aik - w;g/Ajk
wi,k’ /Ai,k’ wj,k’/Aj,k’
Ai,kei,k Aj,kej,k

=

) 19
Ai,k/ei,k’ Aj,kej,k ( )

where e, is the efficiency per worker, which in a single-region model coincides with s; j.
Expression (19) shows that CA depends on natural advantage and on efficiency per worker,

ei k- Our model is a theory of how migration shapes e; j.
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