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Abstract

Exploiting a large migration of farmers to the West of Brazil between 1950 and
2010, we study how migration shapes aggregate and regional comparative advantage.
We document that farmers emigrating from regions with high employment in an activity
are more likely to work in that activity and have higher income than other migrants
doing so. We incorporate this heterogeneity into a quantitative model and find that,
by reshaping comparative advantage, the decline in migration costs we observe in
the data contributed substantially to Brazil’s rise as a leading commodity exporter.

Opportunities to migrate account for a substantial share of the gains from trade.
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1 Introduction

A central task in international trade, and in spatial economics more generally, is to under-
stand the impact of trade on welfare and on the patterns of specialization across locations.
This task is also key in the policy world, as policymakers often attempt to influence their own
economies against the backdrop of increasing globalization. Seeking to quantify the conse-
quences of trade, a recent literature has incorporated comparative advantage—differences in
relative costs across locations and activities—into quantitative models and established it as a
major determinant of trade flows[T] But while recent work has documented that comparative
advantage itself evolves over time, there has been comparatively less progress in quantifying
the mechanisms that drive that evolution.

The starting point of this paper is the observation that episodes of large internal migration
are common, and that they are often associated with dramatic changes in the sectoral and
spatial composition of economic activity of the countries experiencing them. Consider, for
example, the U.S. westward expansion and, more recently, the large migration of Chinese
workers to export-oriented clusters. Across the world, moreover, rural-urban migration is a
hallmark of development.

The question we ask, based on this observation, is: How does migration within a country
shape regional and aggregate comparative advantage? We consider three related mecha-
nisms. First, migration determines the allocation of labor across regions and activities that
differ in their natural advantage. Second, migration alters the relative abundance of land and
labor across regions. Third, workers whose knowledge is heterogeneous across activities sort
according to their own comparative advantage, which determines the labor supply composi-
tion across economic activities and regions. To measure the strength of these mechanisms,
we incorporate them into a quantitative spatial model, which we then take to data from
Brazil in the second half of the 20th century.

The episode we focus on is often called the “March to the West” (Villas Boas and Vil-
las Boas, 1994, and Nehring, 2016). Starting in the 1950s and following a series of public
initiatives to integrate the country’s West to the urban centers in the East, a large number
of Brazilian workers migrated to low-density, high productivity growth areas in the Cerrado
and the Amazon. As a consequence, the share of Brazil’s population living in the West
grew from 6.9 to 15 percent, while that region’s participation in total agricultural produc-

tion and total land use also rose sharplyP| Alongside this reallocation of economic activity,

IEaton and Kortum| (2012) discuss several examples of such models in the context of the recent revival
of Ricardian models. (Costinot and Rodriguez-Clare| (2015) review the welfare implications of a wide class of
quantitative models, including those based on comparative advantage.

2This episode involved the migration of approximately 8 million workers from the East to the West of



the agricultural sector was transformed, and Brazil emerged as a leading global exporter of
commodities such as soy, corn, and beefﬁ

Our paper begins by documenting three empirical facts that guide our modeling approach,
and to that end, we construct a data set that combines several waves of Brazil’s demographic
census with production and trade data since the 1950s. We show first that large changes
in international specialization underpin Brazil’s growing importance in global agricultural
markets. Compared to the rest of the world, Brazil’s exports increasingly specialized in new
commodities such as soy, beef, and corn. Likewise, these commodities’ share in total exports
grew from nearly zero to about 16 percent, while the share of commodities that had been
traditional mainstays of Brazil’s external sector, such as coffee, cacao, and bananas, declined
sharply. Second, Eastern migrants comprise about 30 percent of the West’s labor force in
2010, but this share varies greatly across agricultural activities and is particularly large for
soy. Third, there is a strong link between a migrant’s origin and her employment and income.
Our regressions compare farmers who emigrate from different origin regions but end up in
the same destination and working in the same activity. We find that farmers coming from
a region with 1 percent larger employment in that activity earn 0.02 to 0.08 percent larger
incomes and that their number is 0.07 to 0.16 percent larger than those of other regions.

Guided by these facts, we develop an overlapping generations model of trade with many
activities and heterogeneous workers. In our model, workers are endowed with good-specific
knowledge, which they acquire through exposure to economic activity in their origin region,
and choose the location and activity that is best suited to that knowledge. In equilibrium,
regional and aggregate comparative advantage reflect a combination of natural advantage,
the abundance of labor, and the knowledge of the labor force.

Using a pared down version of our model, we obtain two analytical results. Our first result
sharply characterizes how migration relates to comparative advantage—defined as autarky
opportunity costs—and trade. It shows that the impact of migration costs on comparative
advantage is ambiguous. By spreading knowledge across regions, migration undoes the ex-
ante spatial allocation of worker knowledge, and doing so may amplify or reduce opportunity
cost differentials relative to the rest of the world. In addition, migration modifies the link
between comparative advantage and realized patterns of trade specialization. The reason is

that, when opening up to trade, regions within a country compete both for domestic workers

Brazil. This magnitude is comparable to that of other migration episodes in which government policy played
a role. For example, the Transmigration Program in Indonesia (Bazzi, Gaduh, Rothenberg, and Wongj
2016)), resettled 2 million migrants, and in China the stock of migrants across provinces increased by 15
million between 2000 and 2005, enabled by changes in the houkou system (Tombe and Zhu, [2019).

3According to FAOSTAT, by 2010, Brazil was among the top three world exporters in each of these
activities, and as of 2018 it was the largest exporter of soy and beef.



and for goods markets. A region’s production costs, therefore, depend not only on its own
productivity, but also on the productivity of all the other regions to which workers can
migrate. Our second result develops a statistic that is useful to understand the mechanisms
behind our quantitative results. In our model, the non-migrant employment share in a region
and activity is a sufficient statistic for the impact of migrants on comparative advantage
(along the lines of |Arkolakis, Costinot, and Rodriguez-Clare, 2012)).

In bringing our model to the data, we identify key parameters that control worker het-
erogeneity and mobility, based on our reduced form elasticities relating migrants’ activity
choices and income to their regions of origin. We then calibrate the rest of the parameters
to match production by region and activity between 1950 and 2010. We use our calibrated
model to conduct an experiment in which we gauge the consequences of migration cost re-
ductions. Specifically, we shut down the evolution of migration costs since the 1950s, while
allowing all other exogenous factors to evolve over time, and compare the evolution of this
counterfactual economy to our baseline simulation.

We find that the evolution of migration costs was critical in settling the West, since it
accounts for half of the growth of that region’s population share. Turning to trade, had
migration costs not declined, trade specialization in agricultural goods, relative to manufac-
turing, would have been substantially lower across regions in the West. This is chiefly true for
soy specialization. In line with our theoretical results, the observed exposure of each region
and activity to workers migrating from the Fast is strongly associated with these changes
in specialization, because this exposure captures the direct impact of limiting migration on
relative marginal costs.

While migration is a key driver of the West’s transformation, in Eastern regions, which
were already densely populated in 1950, its impact is minor. Nevertheless, for Brazil as a
whole, reductions in migration costs are critical to understand Brazil’s international special-
ization in agriculture between 1950 and 2010. For soy, beef, and corn, Brazil’s new flagship
exporting commodities, the observed drop in migration costs accounts for 30 percent of
Brazil’s increased specialization relative to the rest of the world. Migration cost reductions
also account for 30 percent of the of the export share growth of these commodities in Brazil’s
export basket.

We next assess how our margins of comparative advantage shape the impact of migration.
Since in agriculture heterogeneity in land productivity plays an essential role, we keep this
feature in our next two exercises. First, we measure the role of differences in land intensity
across crops and land abundance across regions. Absent migration, regions in the West
experience a cost shock induced by labor scarcity. The direct impact of this shock is smaller

for land-intensive crops and an additional mitigating effect operates through equilibria in land



markets. In our baseline, these forces mitigate the impact of migration on agriculture. When
we allow for heterogeneity in land intensity within agriculture, they are particularly strong for
cattle ranching, but they amplify our baseline results for all other crops. Second, we measure
the contribution of heterogeneity in workers’ knowledge. We recalibrate our model shutting
down worker heterogeneity and find that the impact of migration on trade is stronger in
the presence of worker heterogeneity. The role of worker heterogeneity is particularly strong
among the new export commodities, and it can account for up to one fifth of the changes
in specialization for these commodities relative to a model without worker heterogeneity. In
addition, in the long-run, worker heterogeneity and migration strengthen the link between
trade specialization and natural advantage. Quantitatively, this channel operates strongly
for soy, and it produces a 30 percent increase in Brazil’s long-run agricultural export share.

We close our investigation by studying welfare. We offer a decomposition that shows that
the gains from trade across regions (i.e. welfare costs of not being able to trade with any
other region) depend critically on the ability of workers to migrate. Migration opportunities,
in fact, account for up to 60% of the gains from trade. Our results also show that local
comparative advantage has a large quantitative impact on how migration shapes the gains
from trade. Finally, turning to how East-West migration shaped the gains from international
trade, we find large regional heterogeneity, essentially driven again by the sorting of workers
to regions with different comparative advantage relative to the rest of the world.

Our paper relates to several strands of previous work. First, we contribute to a literature
that measures the sources and evolution of comparative advantage in international trade.
Levchenko and Zhang (2016]) and [Hanson, Lind, and Muendler| (2015) document substantial
changes in Ricardian comparative advantage over time and across countries. Morrow| (2010)
and |Chor| (2010) show that forces such as relative productivity and factor abundance dif-
ferences play an important role in driving comparative advantage. Other work has studied
the role of alternative sources of comparative advantage, such as institutional differences
(Levchenko, 2007, Nunn, 2007, and [Manova, 2013), the unobservable dispersion of workers’
abilities (Grossman and Maggi, 2000, Bombardini, Gallipoli, and Pupato|, 2012, (Ohnsorge
and Trefler, |2007) and, related to our empirical findings, international migration (Bahar and
Rapoport, 2016)@ We contribute to this literature in two ways. First, we establish con-
ditions under which domestic migration determines the evolution of regional and national
comparative advantage, through Ricardian and Heckscher-Ohlin forces and by reallocating

activity-specific knowledge over space —a hitherto unexplored mechanism. Second, we show,

4Buera and Oberfield| (2016) and |Cai, Li, and Santacreu| (2019), among others, study how the diffusion
of ideas in an open economy shapes international trade (see |Lind and Ramondol [2018|for a summary of this
literature).



in addition, that in an economy in which heterogeneous regions compete for workers, regional
comparative advantage does not fully determine trade specialization.

This paper also relates to a recent literature that measures the impact of agricultural
trade on welfare (Costinot and Donaldson, 2014} |Allen and Atkin, 2016, Porteous, |2019, |Pel-
legrinay, [2020,, |Sotelo|, [2020)), development and structural change (Tombe, [2015] |[Farrokhi and|
Pellegrina, 2020| [Porteous, 2020)), and the welfare implications of climate change
Donaldson, and Smith|, 2016, |Gouel and Laborde] 2018)). In most of this literature, compar-

ative advantage is static and arises from differences in exogenous factors, such as the quality

of land, factor proportions, or both. We show that taking advantage of those exogenous
factors requires availability of workers and their knowledge. Our paper also clarifies our un-
derstanding of Brazil’s emergence as a major global player in commodity markets, a unique
episode that transformed international agricultural markets.

Our quantitative analysis deploys the tools of the spatial economics literature studying

the interaction of goods and people mobility, including Allen and Arkolakis (2014), Cosar|
and Fajgelbaum| (2016)), Redding| (2016), Bryan and Morten| (2019)), Tombe and Zhu| (2019)),
Morten and Oliveira (2016), Porcher (2020)), and [Fujiwara, Morales, and Porcher] (2020) (see
Redding and Rossi-Hansberg, |2017| for a recent review). [Fajgelbaum and Redding| (2014),

in particular, explore how the domestic allocation of workers interacted with international

comparative advantage to contribute to structural change in Argentina in the 19th century.

Different from that paper, we focus here on the role of migration costs and worker hetero-

geneity. Building on the recent dynamic approaches of |Caliendo, Dvorkin, and Parro| (2019)

and |Allen and Donaldson| (2018), we also add to this literature a new source of complemen-

tarity between trade and migration, which relies on the differential propensity of workers
— driven by ability or geography — to migrate to different regions and pursue different
activities.

Lastly, our paper contributes to a literature documenting how migrants’ characteristics

shape their impact on the economyEl Studying a government-led population resettlement

program in Indonesia, Bazzi, Gaduh, Rothenberg, and Wong| (2016|) show that differences

in land suitability between origin and destination drive migrants’ performance upon reset-

®Several papers have documented the role of migrants’ own knowledge and comparative advantage on
the trade patterns of destination regions. [Sabel, Fernandez-Arias, Hausmann, Rodriguez-Clare, and Stein|
describe how migrants have used their knowledge to form new export sectors in Latin America.
documents that plantation owners in South Carolina and Georgia were willing to pay higher
prices for the enslaved populations from Sierra Leone and Liberia, denominated the “Rice Coast”, because
of their knowledge about rice production. 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 and Rhode| 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 [i951).




tlement. |Olmstead and Rhode| (2011)) document the role of geography and migration in the
expansion of different crops in the US. Arkolakis, Lee, and Peters (2018]) study the impact
of migrants on the technological frontier in the United States in the 19th centurylf] Our con-
tribution to this literature is twofold. First, we provide a new set of measurements relating
migrants’ productivity and their origin. Second, different from these papers, we embed this
heterogeneity into a quantitative general equilibrium framework to measure how it alters the

incentives to trade.

2 The March to the West

The West of Brazil is nowadays one of the World’s major agricultural powerhouses: its
agricultural exports are comparable to those of major global players such as Mexico and
India. This status, however, came rather recently: as Figure (1| shows, the 1950s mark an
inflection point in the evolution of Brazil’s West. The share of Brazil’s population living there
remained around 7 percent before the 1950s, but it has doubled since then. The figure also
shows that the share of agricultural land employed in the West increased by 12 percentage
points, and that the share of value added in agriculture generated in the West increased by
20 percentage points, roughly quintupling. The sequence of maps in Figure [2| show the area
we term the West in a red contour and displays its uneven settlement, in which population

grew most closest to the East/]

The Onset of the March. Until the 1950s, Brazil’s population had been historically con-
centrated in the country’s eastern shores, mirroring its economic development. The economy
was organized mostly around export-oriented commodities such as sugarcane, coffee, and
cotton, which benefited from easy access to ports located along the Atlantic coast. Two
noteworthy exceptions were gold extraction in the state of Minas Gerais during the 18th
century and rubber exploitation in the Amazon in the late 19th century. Beyond that, poor
access to the interior severely limited economic activity there (Baer] 2001).

The rise of the West began in the 1940s, when urbanization and demographic transition
started to take off in Brazil. Concerned with food security and the population pressure

in urban centers of the southeast, Getulio Vargas, the president at the time, initiated a

60Other recent work, including |de la Roca and Pugal (2017), Becker, Grosfeld, Grosjean, Voigtlander, and
Zhuravskaya/ (2020) and |Sviatschi et al. (2018)), has shown that a migrant’s past environment shapes his
future learning and productivity.

"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, which we label the West for simplicity.



large-scale project to occupy the Central-West region of Brazil, which he named the “March
to the West”. Part of the project consisted in changing Brazilians’ perceptions about the
West via public information campaigns, proclaiming for example that “the true sense of
Brazilianness is the March to the West” (see government publicity poster in Figure and
Vargas|, [1938). Other parts of the project consisted in launching expeditions to the West,
making investments and improvements of railroads, and creating institutions to establish
new agricultural colonies (Villas Boas and Villas Boas|, [1994)

While Getulio Vargas’ government gave the occupation of the Brazilian West its initial

thrust, it was not until the 1960s, when successive governments undertook larger investments
in infrastructure to occupy the interior of Brazil, that the migration to the West became a

large scale phenomenon.

The Progress of the March. The next major step of the March occurred in 1964, when
the president Juscelino Kubitschek moved the Brazilian capital from the coastal city of Rio
de Janeiro to Brasilia, a newly constructed city in the Central-West region of the country.
Complementing this political decision, a series of new highways were constructed connecting
this region to ports and cities along the coast, which facilitated the transformation of Brazil’s
economic geographyﬂ

Between the 1960s and the 1980s, the military dictatorship in Brazil expanded Ku-
bitschek’s projects as to further integrate the Amazon region in the North of Brazil. The
military government invested in new roads under a new national transportation plan (Plano
Nacional de Viagao), granted land to agricultural colonization companies, and created a
free economic zone in Manaus, a city located along the Amazon river, focused on assembly
plantsﬂ Alongside these investments in infrastructure, the Brazilian agricultural research
institute EMBRAPA - founded in the 1960s - expanded its research on the adaptation of

crops to regions closer to the tropics. An emblematic result of this effort was the adaptation

of soybeans to tropical areas (Nehring, 2016; Sabel, Fernandez-Arias, Hausmann, Rodriguez-|

| ®In 1941, Getulio Vargas launched the first expedition to the west called “Roncador-Xingu”. The goall
lof this expedition was to discover unpopulated regions in the interior of Brazil that were amenable to the|
construction of new cities. To complement this expedition, in 1943, the government created an institution
called Fundacao Brasil Central (FBC) charged with creating new population nuclei in the Western and
Central region of Brazil. FBC was also in charge of coordinating the construction of a railroad in Tocantins
to cross the center of Brazil in the region close to Brasilia.

?See Morten and Oliveira) (2016) and [Bird and Straubl| (2020)) for a detailed description of the roads that
were constructed during this period to connect Brasilia to peripheral regions.

UMany of the transportation investments and the land settlements during the military government
were part of the federal government’s regional development program for the Amazon (POLOAMAZO-
NIA) (Browder, Pedlowski, Walker, Wynne, Summers, Abad, Becerra-Cordoba, and Mil-Homens|, [2008]).
POLONOROESTE, a regional development project that received financing and development assistance from
the World Bank, focused on the forest area of Rondonia, near the Bolivian border (]—World Bank]7 |1981D.




Clare, and Stein), [2012; |/Amann, Azzoni, and Baer, 2018)E-I
The March to the West ultimately lost momentum in the mid-1980s. Brazil entered a
decade-long period of economic depression and hyperinflation, and thus the cycle of large-

scale investments in infrastructure that started in the 1960s was interrupted.

The Origin of Workers during the March. Research in economic history has under-
scored the role of migrants’ knowledge and their origin to the expansion of new economic
activities in several historical episodes (Olmstead and Rhode, 2008} Scoville, [1951; Watson),
1983). This phenomenon has also been discussed in the particular case of Brazil during the
20th century. The following passage from Sabel, Fernandez-Arias, Hausmann, Rodriguez-
Clare, and Stein (2012)), p.181, for example, highlights the role of knowledge 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
agriculture/...] Such experience and technical capabilities allowed them to exper-
iment with soybean cultivation in other regions of the country at a time when

international markets started to demand higher volumes of soybeans.

Similar narratives have been discussed for the role of migrants’ knowledge in the expansion
of coffee in the West[?]

As an initial inspection of the role of migrants’ knowledge in the data, we look at the
origin of migrant farmers in key agricultural centers in the West. The migration patterns
that we find are consistent with the existence of workers carrying crop-specific knowledge.
For example, according to the agricultural census of 2006, the municipality with the largest
production of soybean in the West is Sorriso, which is located in the State of Mato Grosso.
In this municipality, the main origin of migrant farmers, representing 26 percent of them,
is the State of Rio Grande do Sul, which is the State with the largest production of soy-
bean per farmer in the East. If we look at the municipality in the West with the largest
production of coffee, we have Sao Miguel do Guaporé, located in the State of Rondonia. In

this municipality, the main origin of immigrant farmers is the State of Espirito Santo, which

HSee [Pellegrinal (2020) for an analysis of the first expansion of soybeans to tropical areas during the 1970s
and |Bustos, Caprettini, and Ponticelli (2016) for an analysis of the impact of new varieties of soybeans in
the late 1990s.

12For example, in p. 13 from Marcolan and Espindulal (2015)), the authors say: “The new amazo-
nian experience with the “black gold” is the result of the entrepreneurship of migrants coming from
Parand, Minas Gerais and Espirito Santo. [...] Farmers from Parand and Minas Gerais brought
arabic coffee to the region and farmers from Espirito Santo brought canephora coffee (i.e., robusta),
which they cultivated in their region of origin.”



has the highest production of coffee per farmer in the EastH We found similar patterns for
cacao and sugarcane["]

The organization of agricultural production in the West suggests that workers knowledge
plays an important role. Even in larger scale operations, farms are operated by small teams
of workers. In particular, the average number of workers per farm in the West is 3.5, with
small variations across municipalities: in 1st decile we have 2.5 workers per farm, and in
the 10th decile 4.5. The average farm size, in constrast, varies substantially: in the 1st
decile farms have an average 40 hectares, whereas in the 10th decile they have an average of
650. Most farmers in the region own and manage their farms. According to data from the
agricultural census of 2006, approximately 90 percent of farm managers are land holders,
as opposed to externally hired managers. Consistent with such numbers, the demographic
census of 2010 indicates that 42 percent of agricultural workers classify themselves as a
manager (as opposed to 19 percent of workers in services).

In summary, in this section we showed that a wide range of factors promoted the migration
of workers to the West of Brazil: changes in migration and trade costs associated with the
construction of roads and the federal government’s propaganda about the West, reductions
in the price of land associated with land grants, productivity shocks associated with the
adaptation of new crops, and the existing knowledge of workers to take advantage of them.
The spatial economy model that we formulate will incorporate the influence of these different

shocks on the evolution of the economy.

3 Data and Motivating Facts

This section provides a brief overview of our data set and presents three empirical facts
about migration and comparative advantage that guide our modeling choices. The first two
facts describe aggregate patterns related Brazil’s export specialization and the migration

of workers to the West. The third fact shows how farmers’ income and choices relate to

13Consistent with Marcolan and Espindulal (2015), migration patterns in the case of coffee indicate
that knowledge is not only crop-specific, but also bean specific. In the State of Rondonia, the West’s leading
producer of coffee, robusta, which is a higher quality bean, accounts for 20 percent of production. The main
origin of immigrant farmers in Rondonia is the State of Espirito Santo, where robusta accounts for 30 percent
of coffee output. In contrast, the largest producers of coffee in the East, the States of Sao Paulo and Minas
Gerais, where arabica accounts for nearly all of the output, are the origin of a substantially smaller share of
migrants in Rondonia.

MFor cacao, the largest producing municipality is Medicilandia, in the State of Pard. The main origin of
migrants in this municipality is the State of Bahia, the largest producer of cacao in the East. For sugarcane,
the largest producing municipality is Nioaque, in the State of Mato Grosso do Sul, and the main origin of
migrants is the State of Sao Paulo, which is the largest producer of sugarcane in the East.

10



agricultural activity in their region of origin.ﬁ

3.1 Data sources

We collected data from various sources to construct a panel with information about employ-
ment, migration, gross output, and domestic and international trade for Brazil between 1950
and 2010. Our data contains 133 meso-regions, 26 Statesm two countries (Brazil and the
rest of the world), and 13 economic activities (11 agricultural activities, manufacturing, and
services) [

To measure migration flows and incomes, we use state-level migration and employment
variables coming from decadal Brazilian demographic censuses from 1950 until 2010. For
1970 onward, we have micro-data at the worker level. A key feature of our micro-level data
is that we observe, along with migration variables, a worker’s economic activity and income.

We collect measures of gross output by meso-region and agricultural activity from Produc¢ao
Agricola Municipal (PAM) and Brazilian agricultural censuses. For non-agricultural activ-
ities, we use value added data from Instituto de Pesquisa Economica e Aplicada (IPEA)
and generate gross output using value-added shares from WIOD. We adjust the level of
value added by sector in Brazil to match the aggregate values reported in UN National
Accounts. For the rest of the world, measures of gross output and value added come from
FAO-STAT and UN National Accounts. We also include international trade flows from FAO,
and measures of domestic trade flows between Brazilian states coming from Brazilian statis-
tical yearbooks and [Vasconcelos| (2001). Lastly, we bring in data on land use and total labor
employment for Brazil from IPEA and for the rest of the world from FAO.

15Appendix provides a detailed description of our data set and Appendix |B| collects additional informa-
tion and robustness tests related to our motivating facts.

16Meso-region is a formal political boundary defined by the Brazilian statistical bureau, IBGE, that
combines municipalities according to similarities in their economic activity and labor markets. Another
commonly used political boundary is the micro-region (see, for example, |Adao| (2015)). Micro-regions are
geographically more disaggregated than a meso-region, but data at this level is not available for 1950 or 1980
because of the formation of several new municipalities. To strike a balance between consistency over time
and geographic disaggregation, we therefore constructed our data set at the meso-region level. At a higher
level of aggregation, Brazil currently has 27 states, one of them that represents the federal district, which
was created after the construction of Brasilia. We merged the current federal district to a meso-region in
the state of Goias to ensure that state boundaries are consistent over time.

1"The 11 agricultural activities are: banana, cacao, coffee, cotton, corn, cattle, rice, soy, sugarcane, tobacco
and a residual agricultural activity which we call “rest of agriculture”. Our manufacturing sector also includes
other tradeables, such as mining.

11



3.2 Facts about Migration and Comparative Advantage

Fact 1: Since the 1950s, Brazil’s aggregate exports have specialized in crops
that the West exports more intensively than the East. Throughout the paper,
we use relative bilateral exports (RBE) to describe the changes in a region’s patterns of
specialization. Given a common reference destination, which we take to be the rest of the
world, we compute the specialization of region 7 in activity k (relative to crop k' and region

i') as follows:
Xirg/Xirk
Xipw [ Xirp

This index of relative bilateral exports is a useful indicator of comparative advantage because

RBEii’,kk’ = (].)

of two main reasons. First, it is defined for pairs of regions and activities, as is the standard
definition of comparative advantage based on autarky relative costs. Second, by taking a
destination market as reference, it focuses on supply-side sources of specialization. As we
show later, in our context the evolution of changes in production costs is an important driver
of observed specialization [

In Table[l, we apply this measure for each activity & in our data, fixing i = Brazil, ' = F,
and k' = Manufacturing. We sort crops by the intensity with which Brazil’s West’s specializes
in them in 2010, when we have exports data by Brazilian region. The table shows that by
2010, Brazil is intensively specialized in several commodities relative to ROW, among them
coffee and soybean. Leading to 2010, however, Brazil’s specialization changed substantially.
For Brazil as a whole, RBE of commodities such as soy, beef, and corn — in which the West
specializes — grew rapidly, while it plummeted for traditional ones such as coffee, cacao, and
banana. over this 60 year period. And along with these changes in relative specialization
came a large change in Brazil’s export structure, in which these three crops now account for

approximately 13 percent of total exports and 40 percent of agricultural exports.

Fact 2: Across regions and activities in the West, the participation of Eastern
migrants was large and varied substantially. The dramatic rise of the West was
driven, in no small part, by migration from the East: On average Eastern migrants account
for 30 percent of the West’s workforce in 2010. This share, however, varies substantially

across locations and activities. Focusing on a statistic which in our theory will measure the

18French| (2017)) shows that this measure maps to Haberler’s definition of comparative advantage, which
is based on autarky opportunity costs, if trade costs are not sector-country specific. Table in the
Appendix shows that using instead the Revealed Comparative Advantage measure developed by [Balassa
(1965) provides a qualitatively similar evolution in the patterns of comparative advantage. See|French| (2017)
and |Costinot, Donaldson, and Komunjer| (2012)) for a detailed discussion of different empirical measures
comparative advantage and how they connect to trade models.
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impact of migration, Figure |3| shows that the share of non-migrants in employment is quite
low for some activities, especially for soy, both in 1980 and 2010.. Within activities, there
is also large variation in the non-migrant share across regions, as shown in Figure [ These
two facts suggest that migration had a differential impact across regions and crops, and that

workers followed clear sorting patterns.

Fact 3: Upon migration, farmers originating in regions with high employment in
an agricultural activity are more likely to work in that activity and have higher
income than other migrants doing so. We now ask whether migrant farmers present
a comparative advantage in agricultural activities that were dominant in their region of
originsH To tackle this question, we compare migrants working in the same activity and
destination, but who come from origins with different patterns of agricultural specializationm

Specifically, we estimate the following expression

: _ T I I I

log incomey; xr = ¢ 4y + tij, + @' log workers; g1 + €5 4, (2)
_ W W W W

log workers;ju; = ¢, + ti;, + " log workers; g1 + € 14, (3)

where 7 indexes the origin region, j the destination region, k£ the agricultural activity and ¢
the year. To gain precision, we stack data for the years t = 2000 and ¢ = 2010. With an eye
toward our modeling strategy later, we use a thirty-year lag as our measure of workers; z;_1.
To avoid the inclusion of the same farmer in both sides of the equation, we exclude non-
migrants from our sample.@

In equation , a! measures the association between farmers’ comparative advantage
and the size of the workforce in the origin region. In equation (3), o'V captures how this
comparative advantage translates into activity choice. By including destination and crop
fixed effects (¢}, and f;,) in our specifications, we control for any factor that is common

across workers in destination j and activity k, including natural advantages, local institu-

19 Appendix Figure shows that Eastern workers do not come from a single state, but that a large
number of them migrated from origins that specialized in different activities: for example, ten percent of
migrants in the West came from Bahia, a state in the northeast that is a large producer of cacao, 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.

20Data on the meso-region of birth of a worker is unavailable. Therefore, to run the regressions in this
Section, we define migration based on a workers current and previous meso-region of living, which does not
necessarily coincide with workers meso-region of birth. In Appendix[B] we present results based on state-level
data in which we define migration based on her state of birth.

21Figure in the Appendix shows non-parametric regressions of equations and (3). In both cases,
a log-linear relationship provides a good approximation of the relationship between our dependent and
explanatory variables.
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tions, or price shocks. By including origin and destination fixed effects (¢ ), we
control for common factors that are origin and destination but not activity specific, such as
human capital and bilateral migration costs.

Panel A in Table [2| shows estimates of equation . Column 1 shows that an increase
of 1 percent in the number of agricultural workers in the region of origin in a given activity
increases the average income of workers in the destination in this same activity by 0.016 per-
cent. This effect increases to 0.023 when we include destination-origin fixed effects (Column
2). Since origin-destination-crop cells containing zero workers are frequent in our sample,
we explore three additional specifications. In Column 3 we drop observations below the
bottom quartile in the distribution of workers;;x—1. As one would expect if low values of
our regressor make sampling zeros more likely, this specification increases our coefficients to
0.047. We then repeat our OLS specifications using a PPML estimator, to study the impact
of bias due to heteroskedasticity (Silva and Tenreyro, 2006). These alternative specifications
increase our point estimates up to 0.083 percent.

Panel B shows that the elasticity of migrants’ activity choice with respect to the number
of farmers in the origin rises from 0.074 to 0.131 across the same specifications. In this panel,
we can also include all zeros in our sample; doing so increases the coefficient to 0.165 (Column
6). Appendix [B| shows that our results are largely robust across specifications in which we
employ different lags for workers;; 1,1, control for observable socio-economic characteristics,
use finer levels of geographic disaggregation, and run individual level regressions.

This evidence suggests that, controlling for any factors that make workers from an origin
go to a destination (e.g. distance or weather similarity) and controlling for agro-climatic and
other local work conditions (such as access to inputs or Marshallian externalities), workers
performance is heterogeneous. The evidence also suggests that this heterogeneity is shaped
by the employment structure of the region where migrants come from. To generate these
reduced form elasticities in our spatial model as parsimoniously as possible, we assume that
workers acquire activity specific knowledge in their origin region, and that this knowledge
influences how they sort across destinations and activities. Doing so also rationalizes our

evidence on occupational choice because workers sort into the activities they are better suited
at doing ]

22This evidence is inconsistent with a model in which individuals types are fixed and independent of their
origin. Appendix lﬁi shows that such a model tends to generate an o'V of 1 in and an o of 0 in .
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4 A Model of Migration and Comparative Advantage

In this section, we develop a quantitative model of trade and migration in which compara-
tive advantage is driven by regional productivity, land abundance, and the activity-specific
knowledge of migrants. To simplify our exposition, we present a stylized version of the model
and a summary definition of the equilibrium %]

After describing our model, we present two analytical results about the relation between
migration and trade. The first result connects our paper to the literature studying the sources
of comparative advantage, by showing how migration costs shape regional and national
comparative advantage under free trade. The second result guides our quantitative analysis:
we derive a sufficient statistic for the impact of on comparative advantage, at any level of

trade costs, of limiting migration completely.

4.1 Environment

Geography and Commodities. Time is discrete and indexed by ¢. The world, W,
consists of many regions 7 = 1,..., I that comprise the Home country, and of a rest of the
ROW composite, denoted by F. There are k = 1,..., K activities (or goods), and each
region produces an unique variety of each good. At each time, the geography of the economy
is given by a set of natural advantages, a matrix of iceberg trade costs, a matrix of iceberg
bilateral migration costs, and a land endowment: {A;xt, Tijre, tijit, Hj+ ). We omit time

indexes whenever unnecessary for our presentation.

Technology. In each region j, representative firms aggregate varieties of good k into ag-
gregate good output with constant elasticity of substitution 7, Good output is like-
wise aggregated into final output, with constant expenditure shares a;. Only good vari-
eties are traded. Correspondingly, the price index for activity k in region j is given by
Pj(”;’;_l)/"k = iew pl(%_l)/nk, while that of final output is P;; = Hszl Pl

To produce ¢ units of activity k in region ¢, a worker with knowledge s combines land [

23We relegate a full description of the equilibrium and of our quantitative model, as well as the proofs to
statements in this Section to Appendix

24For simplicity, we adopt an Armington formulation within activities. Our focus is on intersectoral
comparative advantage, which is still governed by observable differences in relative costs, even if within-
industry trade is assumed to be driven by regional differentiation. Both our theoretical and quantitative
results would be identical if we adopted instead a multisector [Eaton and Kortum| (2002)) formulation. To
keep our simulations quantitatively tractable, we do not adopt the formulation in [Sotelo| (2020), which sets
1 — oo for agricultural goods, since our model features dynamics and a large number of goods and regions.
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and final output m, according to:
Q= Ajp (s77H0%) " mIm,

where «j, measures the share of value-added in production and 7, measures the land intensity

of good k. For non-agricultural activities, we set v = 0.

Demography and Preferences. People live two periods, young and old. An adult at
time ¢, upon observing her knowledge, chooses activity-location pair and then spawns a
child. To simplify matters, we work with non-altruistic parents, who ignore their child’s
utility (Allen and Donaldson| 2018]). Let Lj; denote the adult population at time ¢ in region
j.

Adult workers born in ¢ — 1 maximize welfare by choosing where to live and in which
activity to work at time t¢:

max Wi kt€5 ket
Js

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 ket Si, ket
Wiine = #, (4)

N :uij,k:tp it
where w; j; is the wage per efficiency unit of labor (i.e., the return to a unit knowledge), f1;
represents iceberg migration costs that reduce utility directly, and P;; is the price index of
final output consumption in destination region j. Reflecting our empirical findings, s; 5 is a
farmer’s knowledge to produce in activity k£, which depends on the region she comes fromFE]

Workers can migrate within the Home country, but not between Home and Foreign.

Knowledge Endowment. A child born in ¢ at time ¢ — 1 is characterized by a vector
of activity-specific productivities, s; 3, which depends on the employment structure in the
region where she is born, s; xt = $ (L t—1) . In particular, motivated by Fact 3 in Section ,

we assume that knowledge depends on good-specific employment in the origin region through

25 A broader interpretation of y;;), is that good-specific knowledge can be lost in migration, if it is specific
to agro-climatic conditions in the origin.
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the following functional form{*|

Sikt = Eka,kt_l. (5)

4.2 Equilibrium

In what follows, we denote by c;+ the cost of a unit of the input bundle, given by c¢; i =
Cr (w;g k r}’;)ak Pj»lt_o‘k, where wj j; are the efficiency wages, i.e. income per unit of knowledge,
rj+ are land rents and ¢ is a technology constant.

As is standard in an Armington formulation, the share region j's sector k expenditure
going to origin i is given by mjx = (C@ktTij’kt/Ai’kt)l_n /le,:t" Likewise, optimal worker

sorting gives the share of workers from 4 choosing to work in region j and activity k:

Nij ket = :i’kt (6)

=t

where W;; 5, is given by equation (4) and =f, =3, >, Wy ,,. We define the effective units

of labor migrating from ¢ to region j, activity k as
Eij,kt = Si,kt)\z’j,kt[zi,t_l. (7)

To close the model, we assume that land rents are paid to local landowners. As such,

total expenditure in region j reflects payments to factors

K
Xt = Z Wt B e + 150 Hjp + Z (1— o) Yk,
k =1

where Y, denotes revenues in activity &k, Yjp, = >, TjimearXiy, and Ej g = > . Eyj iy is the

supply of efficiency units there.

a general equi-
ikt such that,

for each region j and activity k& and time t: (i) Workers choosing to migrate to j, k satisfy

Definition. Given the geography and initial labor allocations, {L;ko},, »

librium is a sequence of factor prices and labor allocations {7, w; kt, £kt }

(6) given (B) and factor prices, (ii) the market for efficiency units of labor clears, (iii) land

markets clear for region j and (iv) trade balances.

26Because our regressions in Fact 3 include origin-destination fixed effects, when we parameterize
$(Like—1), it is unclear whether it should depend on the level or the share of agricultural employment
in the origin region. Our formulation builds on a large literature emphasizing scale effects in productivity,
both in growth and international economics (Ramondo, Rodriguez-Clare, and Saborio-Rodriguez|, [2016)).
We show later on that our quantitative results remain almost unchanged when considering an alternative
formulation in which knowledge depends on agricultural employment shares, s; = (L; gt—1/ Liﬁt,l)ﬂ .

17



Discussion. Characterizing the properties of equilibria in spatial models with multiple
activities is a current area of work, and, to the best of our knowledge, there are no general
sufficient conditions that guarantee uniqueness. That being said, our trade model satisfies
the conditions for uniqueness laid out by [Kucheryavyy, Lyn, and Rodriguez-Clare| (2016) in
the case of free trade. Moreover, a single-activity version of this model satisfies the conditions
for period-by-period uniqueness laid out by [Allen and Donaldson| (2018), since our model
features no contemporaneous externalities in labor supply. In these special cases, it follows
that, given the economy’s initial conditions, the equilibrium path is unique for all ¢.

In a steady state our economy features contemporaneous externalities coming from the
effect of equilibrium labor allocations on worker heterogeneity. Because these externalities
operate by increasing the effective supply of workers, they are quite distinct from Marshal-
lian externalities or scale effects in models of imperfect competition, which instead raise
the demand for labor (Bartelme, Costinot, Donaldson, and Rodriguez-Clare), 2019; Kuch-
eryavyy, Lyn, and Rodriguez-Clare, 2016). Although the mechanism is different, equilibria
multiplicity is also a possibility in our environment. On the one hand, a closed economy
lacking internal geography will feature such corners, provided £ is large enough, relative to
the elasticity of substitution between activities. On the other hand, in the limit in which
Brazil is a small open economy, any region-activity pair with positive productivity will have
positive employmentE] As long as at least one region produces a crop, next period there will

be workers willing to go to any other region to do it, given idiosyncratic shocks (Appendix

).

4.3 How Migration Costs Shape Comparative Advantage

We begin the analytical discussion of our model by studying how migration shapes com-
parative advantage, that is, autarky opportunity costs. In doing so, we connect to a long
literature studying how a country’s cost structures relates to trade patterns. The general
equilibrium interactions between opportunity costs and migration in our model are, unfor-
tunately, too complex to characterize them as explicit functions of exogenous parameters.
We therefore derive analytical results using a pared down version of our model. We let labor
be the only productive factor (v, = 0,Vk) and impose equal value-added shares and trade
elasticities across activities (i.e., oy, = a and n, = n, Vk). Finally — in this section only —
we zoom in on the role of spatial mobility by assuming that workers are born with a type

and only choose where to live.

2"In defining a small economy, we follow |Alvarez and Lucas| (2007). Intuitively, we study the limit of our
economy as we let the labor endowments of each region in the Home economy vanish, while keeping constant
for each region the ratios of sectoral productivity to total labor and of land to labor.
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4.3.1 Autarky opportunity costs

A classic definition of comparative advantage, going back to [Haberler| (1930), states that
region i has a comparative advantage in activity & (relative to region j and activity k') if 4’s
autarky opportunity cost of producing k in terms of &’ is lower than that of j E To study
these opportunity costs, we consider two different scenarios, in both of which region i’s trade
costs with any other region are prohibitive, fixing j = F.

First, in the case in which internal migration costs are prohibitively high, ;5 — oo,
Vi # j, one can show that stating that ¢ has a comparative advantage in k (relative to &’

and F) is equivalent to the following inequality:

Si,k’L?,k' : A g SF,k’L(I)?,k:’ " App
< Si,kL?,k ) Ai,k = (SF,kLOEk ) AF,k (8)
Second, when internal migration is free, p;;, = 1,Vi, j, k, the same statement is equivalent
to:
(SH,k’>a A - <SF,k’)a App (9)
Sur/) Aix Ser) Arp’

where Sy = D, 8ik LYy

Expressions and @ reveal that knowledge acts as a productivity shifter in our model
and that migration determines its allocation. When migration costs are prohibitive, the
knowledge available in a location comes solely from workers born there. With free mobility,
in contrast, knowledge from all the country is available to each region, as reflected by the
term Sy, which measures the aggregate effective supply of workers at Home, for activity
k. Migration therefore undoes any exogenous correlation between local worker productivity
and local natural productivity, and its impact on regional comparative advantage is ambigu-
ous: it will strengthen regional comparative advantage if high knowledge workers were born
in low productivity locations, but it will weaken it if the opposite is true. In our applica-
tion, the West’s rapid productivity growth in certain activities led migration to strengthen

comparative advantage@

28The application and generalization of this definition in different comparative advantage models is dis-
cussed by [Deardorff| (2005). [French| (2017) applies it to recent quantitative frameworks, such as the one we
use, but abstracts from internal geography.

29 Allowing workers to choose over activities, as we do in our main model, will tend to strengthen the
correlation between natural advantage and comparative advantage. The reason is that sectoral productivity
differences within a region will induce differences in wages, which in turn shapes the equilibrium labor
allocations.
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4.3.2 Regional and Aggregate Trade Specialization

How do autarky opportunity costs shape free-trade specialization, i.e., when 7y = Tp; i =
17 We now turn to study the conditions under which RBE;piy > 1. It is straightfor-
ward to show that when migration costs are prohibitive, autarky opportunity costs fully
determine trade specialization. This result is intuitive, since in this case a region re-
ally is simply a separate economy, and the elasticity of trade flows to autarky costs is
exactly(n — 1) [1 + o (n — 1)] " (see Appendix Equation (50))).

Under free internal migration, however, this is no longer the case. RBE;py > 1 is

equivalent to the following relation between fundamentals:

|:< SH,k.AZ-’k )a (Ai,k )] 1+Z(_r;171) - |:( SH,kAF,k )a (AFJc )] #_nlfl) (10)
SH,k’AiJc/ Ai,k’ SH,k’AF,k/ AF,k:’ )

where A; ), = A H”“(” 1>/ZhA et Y BO This inequality provides three insights into

specialization. Flrst, just like with opportunity costs, the impact of migration on trade spe-

cialization in equation is ambiguous. Second, direct comparison of expressions @ and
(10) reveals that autarky opportunity costs do not fully determine specialization, since the
term A; ; is absent from the costs inequality @D The reason is that, with free migration,
region ¢ competes with others in its own country for the same workers, and the relative
payments this region can offer depends on its sales. As opposed to autarky, having a high
productivity relative to the rest of the country under free trade —i.e., a high A, ,— at-
tracts a larger labor supply and reduces marginal costs. Thus the relation between autarky
opportunity costs and free trade specialization could even be overturned if a region is rela-
tively productive in a crop when compared to F', but not relative to the rest of the country.
Third, since aggregate knowledge Sp, is shared by all regions in Home, it does not shape
comparative advantage nor trade flows across regions within the same country.

Turning to country-wide specialization, when internal migration costs are prohibitively
high, autarky opportunity costs fully determine aggregate specialization, just as in the re-
gional case (see Appendix Equation (56|)). Specifically, the Home economy specializes in

exporting sector k if a weighted average of its autarky marginal costs is low enough.

30Notice that the exponent of A; j in A; i increasing in r. As we let x — oo workers become homogeneous
and therefore more elastic to productivity differences across regions. In this case, the competition for workers
has its largest effect on marginal costs.
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But under free internal migration, RBEgp i > 1 is equivalent to

a(n=1) n—1 a(n—1)
Sirs e > HA1+a(n 1)A1+a<n 0 81+a<n 1)A1+a<n 0
s €
<S ) a(n—1) > (x(n 1) -1 : (11>
H,k' Z Al+a(7} 1)A1+a(n 1) Sl+a(n 1)A1+a(n 1)
i€H Y VK i,k Pk Pk

Expression shows that aggregate knowledge Sy also shapes aggregate specialization
— an aggregation result that follows from the fact that every region within Home has equal
access to knowledge. Migration again has an ambiguous impact on comparative advantage,
now in the aggregate. If, on average, labor was initially allocated to regions where labor
productivity is low, migration will undo that correlation, and amplify relative productivity

differences.

4.4 A Sufficient Statistic

To guide the discussion about our empirical results, we derive a statistic that summarizes the
impact of migrants on our measure of comparative advantage. We return to our framework

where both location and activity are worker’s choices, but focusing on a small open economy.

Proposition 1. Assume that Home is a small open economy, that n, = n, v = v Vk. The
change in specialization when migration to region i becomes prohibitively costly, ju;, — oo,

Vi # 1 is given by:

XiF’k/X_iF’l = (&ik/gm)_% )
Xrrk/Xrr) ’ ’

where Sijk is the share of workers from i in j's effective labor force in activity k, i.e.,

Eijk = Eijr/Ejk, and 2 denotes proportional changes in variable z.

The proposition shows that the relative share of domestic workers in total effective labor
supply is a sufficient statistic for the impact on specialization of limiting migration from
all other regions. This result is analogous to the well-known result by |Arkolakis, Costinot,
and Rodriguez-Clare (2012)) on the gains from trade. In our model, exposure varies across
crops and regions for two reasons. The first is worker heterogeneity, which makes workers
with higher knowledge s; , account for a larger share of effective employment in destination-
activity pair j, k. The second is migration costs that are origin-destination-activity specific.
Without these two forces, exposure shares are equalized within region j, and migration has
no impact on intersectoral specialization.

The results of this section provide a sharp characterization of the role of migration costs

in shaping comparative advantage. But there are two caveats in their application. First,
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observed changes in migration costs are finite. Second, sectors have different trade elas-
ticities, while land and intermediate-input intensities are additional drivers of comparative
advantage. Bearing such caveats in mind, we deploy thees insights throughout the rest of

the paper, which quantitatively evaluates the impact of observed changes in migration costs.

5 Taking the Model to Brazilian Data

To simulate the impact of the migration to the West, we need to measure production and
technology parameters, trade and migration costs, and worker heterogeneity. We map the
model to Brazil’s economy in 1950, 1980 and 2010, thus setting 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 this section, we provide a summary of our calibration and
results, but first we describe the additional features that we introduce in the model to bring
it to the dataPT]

5.1 The Quantitative Model

Relative to the model presented in the last Section, we add three elements. First, we bring in
two-tiered CES preferences: agents choose first how much to consume of services, agriculture,
and manufacturing (s = S, A, M), with an elasticity of substitution o, and then choose
how much to consume of each activity within the agricultural sector, with an elasticity of
substitution of 4. Second, we introduce a CES technology where workers choose between
efficiency labor and land with an elasticity of substitution p and land intensity shifter ~;.
Third, we endogeneize the supply of land by allowing local governments produce land using
final output with a decreasing returns scale technology. The profits from land development
are rebated to farmers proportionately to their wages. The productivity of the technology

used by local governments is b; and the elasticity of land supply to land rents is .

5.2 Calibration
5.2.1 Worker heterogeneity

The preference dispersion parameter, s, and the worker productivity parameter, 5, map to

the reduced-form elasticities we estimated in Fact 3. Using equation (9]), our model relates

31Tn Appendix , we include a thorough description of our calibration algorithm.
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the income of migrants to the employment in the origin as follows:
log (income;je) = th 4y + i, + B10g Lig—1 + u, - (12)

To motivate the error ufMt, we allow for measurement error in income. The fixed effects cor-

respond to ¢}, = klogw;, tf;, = log Li;—1—if knowledge depends on relative employment

shares — but also absorb systematic components of measurement error in income.
Analogously, we substitute equation into @ to obtain:

log Lijw = L]!:kt + ij’t + kBlog L jt—1 + ufj’kt, (13)

where the fixed effects correspond to LZ-LN =log L;;—1 —k (log ;5 + log Zit), Lﬁkt = k(log w; kt
—log P;;), and u}; ;, captures a unmeasured component migration flows or of migration costs
orthogonal to the other observables and fixed effects (e.g. as in |[Eaton and Kortum), 2002).
By measuring L; x;—; in the data as workers; i;—; in equations and , our model gives
a structural interpretation to Fact 3, and show that the estimated coefficient ! in regression
measures 3, while coefficient o'V in regression measures kf3.

The estimates for g range between 0.023 and 0.083 and the implied values for k range
between 1.58 and 3.26. A few recent papers have estimated values of x, which controls
the elasticity of migration with respect to real wages, similar to ours. For example, using
migration data for Brazil, Morten and Oliveira| (2016) estimate a value of 1.9 and, using
migration data from China, Tombe and Zhu| (2019) find values between 1.2 and 1.6. Our
estimates are comparable, even when we rely on quite different strategies.@ Since [ is new
to our theory, in contrast, there is no direct benchmark with which to compare it. But
our results are comparable to those of sectoral scale economies (Antweiler and Trefler, 2002}
Costinot and Rodriguez-Clare, 2015) and of the effect of city size on productivity: de la
Roca and Pugal (2017). Henceforth, we set £ = 2 and = 0.04. In robustness analysis, we
also consider g € {0,0.083}.

5.2.2 Trade Costs

We need to calibrate trade costs between regions for each activity and period, which gives a
total of 134 x 134 x 13 x 3 parameters. Given the trade data we have available, this requires
us to parameterize trade costs. Akin to|Ramondo, Rodriguez-Clare, and Saborio-Rodriguez,

2016, we assume for ¢ = j, that 7;; = 1 and, for i # j, that

32As expected, our elasticities of migration to wages are larger than those in |Artuc, Chaudhuri, and
McLaren| (2010) and (Caliendo, Dvorkin, and Parro| (2019), who study migration at much higher frequencies
than we do.
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1 Lij

Tijne = 00 [(distij)éﬁ}% [5kt (dport;)™ (dportj)5%] v (14)
where L;TI;- is a dummy variable that equals one if 7 and j belong to same country and zero
otherwise, dist;; is the travel distance between ¢ and j, and dport;; is the minimum travel
distance to the nearest port (for j = F, we set dport; = 1).

We calibrate 4 to match the observed share of intra-regional trade in total domestic
trade in Brazil. In particular, we construct Ese 1 Xss/Xun, where X, are sales of a state
to itself and X gy are sales of Brazil to itself. We target a domestic trade ratios of 0.7 for
1950, 0.65 for 1980, and 0.60 for 2010, which gives ¢} of 0.08, 0.42 and 0.58. We choose 4, so
that the model matches the empirical elasticity of trade flows between states with respect to
distance. For 2010, OLS estimates of this elasticity gives 1.05; for 1980, 1.25, and for 1950,
2.5, which translates into 8} of 0.22, 0.25, and 0.52 respectively. Lastly, we calibrate d;; to

match Brazil’s trade with the rest of the world.

5.2.3 Technology and Preferences

As for technology, we set the share of value added (ay) to 0.30 for manufacturing, 0.55 for
agriculture and 0.6 for services according to the aggregate share of value added in the World
Input-Output Database. For non-agricultural activities, we set 7, = 0. For agriculture,
we set p = 0.5, which is the mid-value between Costinot, Donaldson, and Smith| (2016]),
who assume perfect complementarity between land and labor (p = 0), and a Cobb-Douglas
production function (p = 1), as in Restuccia, Yang, and Zhu| (2008]). Our main specification
sets 7, = 0.21 for all agricultural activities based on [Dias Avila and Evenson| (2010), thus
allowing for Heckscher Ohlin forces between agriculture and manufacturing. In gauging the
strength of this channel, we experiment with their input cost-shares, broken down by crops
and cattle (0.17 and 0.32, respectively). Lastly, we set the land supply elasticity ¢ to 1.5@

As for preferences, we set o to 0.4 based on Comin, Lashkari, and Mestieri (2015)), oy
to 2.5 according to Sotelo| (2020), n, in agriculture to 9.5, and 7 for other sectors to 5.5
following Caliendo and Parro| (2015) P

Having calibrated trade costs, technology and preferences, we follow the model-inversion
logic laid out by |Allen and Arkolakis| (2014)) and calibrate A,z to match observed gross

output and b;; to match observed agricultural land use.

33There is some discussion in the literature about the right elasticity of land supply over long periods
of time. We pick a number in the range between |Costinot, Donaldson, and Smith| (2016 and |Gouel and
Laborde| (2018]).

*We adjust preference shifters (amx: and ap ) to match country-level apparent consumption in each
activity.
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5.2.4 Migration Costs

With an eye toward counterfactuals, we extract a state-state component from migration
costs, and break down the remainder into a state-state-activity component and geographic
component that operates across regions. Formally, we assume, for ¢ = j, that p;;, = 1 and,
for i # 7, that

M
1 l—Lij

M 2
Fij ket = 7 [(diStij)H ] |:,uss/,t,uss/,kt (deap;)" (dcap;)” (15)

where Lf‘j/-[ is a dummy variable that equals one if 7+ and j belong to the same state and zero
otherwise, fis¢ ¢ is @ symmetric interstate migration cost (i.e., psy + = fyst), and deap; is the
travel distance between region i and the state capital of i. As such, workers have to pass
through the capital to access meso-regions in other statesﬁ

To recover psy ¢+, based on our parametrization in equation ([15)), we use OLS to estimate

the following equation:
1Og (Lss’,kt> = Qs + Q! et + ﬂss’,t + €ss’ Kt (16)

where o, ; and ag g are destination-activity and origin fixed effects, fisy; = —rlog (tsst)
and €gy ks is an error term.ﬂ Given our estimates of 155 ¢, we adjust 12 in the model to match
the share of workers living in their meso-region of birth and jsy 5 to match the migration
of workers between states and activities. We set u!' to 0.05, which controls the elasticity of

migration costs with respect to distance, based on |Bryan and Morten (2019).@

5.3 The March to the West as seen Through our Model

Table {4 presents selected descriptive statistics of our calibration. Each panel highlights a
different type of exogenous driver that can generate migration of workers across Brazilian

regions in our model: migration costs, productivity and trade costs.

35This formulation, often referred to as hub-spoke, allows us to aggregate migration flows and run gravity
equations in a theoretically consistent manner (see Appendix Section . Although in our model and data
an observation is a meso-region, note that we target state-state-activity flows in this calibration. The reason
is these data have a higher level of aggregation, which makes it less likely that we wrongly infer infinite
migration costs from sampling zeros.

36 Appendix [E| shows how to derive expression using . Appendix Figure shows that our
estimates of 154 ; are strongly correlated with the Head and Ries index, which is a common measure of trade
cost based on gravity models, but applied to aggregate migration flows between states (Lss ¢ = D1 Lss kt)-

37Using our calibrated values for u!, the reduced form elasticities generated by our model at the state level
are comparable to the elasticities estimated in [Morten and Oliveira (2016). We find an elasticity of state to
state migration flow with respect to distance of -1.36, whereas Morten and Oliveira (2016) find, controlling
for log of travel time, a coefficient of -1.16.
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Panel (a) shows that domestic migration costs declined sharply between 1950 and 1980,
in line with what we expect, given Brazil’s large-scale public investments in transportation
infrastructure.@ Migration costs from the East to the West declined the most, a three-fold
reduction, but migration costs within the West and within the East also declined substan-
tially, which indicates an integration of labor markets in Brazil. Figure [5| correlates our
estimates of the symmetric component of migration cost (uss¢), recovered from the fixed
effects from equation with distance between states. Reassuringly, migration costs are
strongly correlated with distance, even though we do not use any measure of distance in
our estimation of jis. Consistent with increased government investment to deepen ties
between the East and the West, this correlation drops over time as shown in Panel (a). To
benchmark our migration costs with previous literature, we highlight that the level of our
migration costs are comparable with the ones obtained in [Tombe and Zhu| (2019), who find
an overall migration cost between provinces in China of 25 circa 2000.

Panel (b) shows the evolution of productivities, A;j, in the West relative to the East.
The West’s agricultural productivity caught up and surpassed that of the East, which gives
rise to the mismatch between labor and productivity that we discussed in Section 4.3 For
soybeans, specifically, the upward trend in relative productivity is in line with the research
efforts from EMBRAPA to increase soybean productivity in the West in the 1970s. Panel B
also indicates that the productivity of the land supply sector, as measured by b, increased
from 1950 to 2010 in the West relative to the East, which captures the various land settlement
programs financed by the federal government to promote the acquisition of land in the West.

Panel (c) shows that our calibration also captures Brazil’s increasing trade openness
through a reduction of international trade costs. Domestic trade costs also declined and
became less sensitive to distance, in line with the transportation policies that fostered East-
West trade integration.

Put together, these results paint a clear picture of the development of the March. Starting
in the 1950s, a series of shocks dramatically increased the West’s agricultural productivity
across the board, but especially in new crops such as soybean and corn. Taking advantage
of these shocks, the West’s relative abundance of land, and the dramatic reductions in East-
West migration costs, Eastern migrants sorted throughout the West and fueled its expansion

into domestic and foreign markets.

38To compute the measures of migration cost discussed in this section, we remove Hsst kit from pi;; e, since
lss' it can be interpreted as sectoral wedges that are not related to geography. Results are qualitatively the
same if we incorporate pige ke into L1 ke
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6 The Quantitative Impact of Migration on Trade

In this section, we evaluate the quantitative importance of migration as a driver of trade
specialization. Motivated by the Brazilian government’s domestic integration policies, we
ask: What would have happened if these policies, as they pertain to worker mobility, had
never been enacted? To answer the question, we examine a counterfactual economy in which
migration costs between the East and the West remain at their 1950 levels, while all other
exogenous shocks evolve as in the baseline economy. We then examine how worker hetero-
geneity and Heckscher-Ohlin forces shape these main results. The discussion that follows
focuses on our cumulative results for 2010, but our partial results for 1980 are contained in
Appendix Figure [A g

In the data, the share of employment in the West rose from 6.9 percent in 1950 to 15
percent in 2010. In our counterfactual economy, it only rises to 10.6 percent. Under this
metric, migration costs account for 56 percent of the migration to the West. This shows that
migration costs are a powerful driver of the allocation of population over space, although
other factors, including productivity, land supply, and trade costs shocks, also played a
critical role. Having established this sizable reduction in employment, we turn to its effects

on trade.

6.1 The Impact of Migration Costs on Specialization

Figure [6] plots, on the vertical axis, counterfactual changes in specialization across regions in
the West, relative to the rest of the world, using manufacturing as a reference (i.e., we use our
RBE index)F_g] The horizontal axis shows the baseline share in the supply of effective labor
of workers born in the West, for each region and activity relative to manufacturing. With
Proposition 1 in mind, the smaller this baseline share, the more exposed is the region-activity
pair to a reduction of immigration from the East, compared to manufacturing.

We highlight three patterns from this figure. First, most region-activity pairs fall below
zero, meaning that reductions in migration costs shifted trade towards agriculture and away
from manufacturing. In region-activity pairs that are highly exposed to migration, these
changes are quite large, shifting specialization by more than 50 percent. Second, although
soybean production is the most affected activity, the impact is also large for other, more
traditional ones. Third, there is a strong relation between exposure and changes in special-

ization —suggesting that the intuitions from Proposition 3 carry over to this more general

39The exposures in the East to migrants from the West are much lower in general, as suggested by Figure
This means that the vast majority of our aggregate results follow from the regional changes we discuss in
this section.
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counterfactual. In sum, migration costs are a key driver of regional comparative advantage,
especially as it relates to soy.

In Figure , we aggregate these regional changes for the West and for Brazil. Panel (a)
confirms that the decline of migration costs, which enabled the expansion of the population
in the West, led to a marked expansion of agriculture relative to manufacturing. It also
shows that the agricultural activities that are more exposed to East migrants in the West
(recall Fact 2) are the ones that expanded the most due to migration. Note that among the
agricultural activities that benefited most from migration in the West are some traditional
crops, such as coffee and cotton. However, as Panel (b) shows, this had little impact on
the specialization of Brazil as a whole. The reason is that, although these traditional crops
grew in the West, the West’s share in the aggregate production of these traditional crops
is minimal. In contrast, aggregate changes in soy and cattle are large and follow almost
entirely the evolution of the West’s agriculture.

To benchmark our results, we ask how much of the observed evolution in Brazil’s spe-
cialization is accounted for by changes in migration costs. Figure [8| separates crops into
those that grew (black dots) and those that shrank (white dots) relative to manufacturing,
in the data. For each agricultural activity, we plot the fraction of total observed changes
generated in our counterfactual in which migration costs do not decline. This exercise shows
internal migration, induced by changes in migration costs, account for up to 30 percent of
the country-wide changes in specialization in new agricultural activities, such as soy and
cattle. We obtain similar results if we focus instead on export shares: The evolution of
migration costs accounts for about 27 percent of the observed evolution of the export shares
of soy, beef, and corn together. These are the results we expect given the prominent role
of the West in the exports of these crops by 2010, and given the fact that these crops were
disproportionate receivers of migrants in the previous six decades.

In sum, through a large and heterogeneous reallocation of population across activities and
regions, migration cost reductions had a large impact in Brazil’s production costs relative
to the rest of the world. These changes in production costs account for large changes in
Brazilian agricultural specialization, which had an important impact on world agricultural

markets.

6.2 Quantifying the Margins of Comparative Advantage

We now turn to measure the contribution of each of the adjustment margins we have included
in the model. To do so, we recalibrate the model under several specifications and perform

the same counterfactuals we described in the previous Section.
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6.2.1 Factor Proportions

In our baseline calibration, agriculture is the only activity that uses land in production, so
Heckscher-Ohlin forces operate only between manufacturing and agriculture. Figure @] (a)
provides two bounds for the strength of this mechanism. The horizontal axis shows the
change in specialization when land is not used in any activity; relative to this baseline, the
vertical axis shows the additional change in an economy where land intensity varies within
agriculture between crops and cattle.

Allowing for factor proportions substantially mitigates the effect of migration on cattle
(almost 7 p.p. or 30 percent lower) while it amplifies it for most other agricultural activities.
The reason is that, in this calibration, land commands a larger value-added share in cattle,
compared to other agricultural activities (0.33 vs 0.17). Hence the direct impact of a labor
shortfall on marginal costs is lower for cattle than for crops. Because the land supply is not
perfectly elastic, in equilibrium the price of land declines, which again favors land-intensive

activities the most.

6.2.2 Worker Heterogeneity I: Impact on Specialization

Proposition 1 suggests that migration operates through variation in effective-labor exposure
across regions and activities. With the exception of sector-specific migration costs, in our
model the only force generating sorting is origin-specific skill heterogeneity, s;;. In our
baseline calibration, regressing effective labor flows across origins and destination-activity
pairs against skill heterogeneity s;; accounts for 55 percent of the variation in 2010 and
32 percent in 1980. To assess the importance of worker heterogeneity for the impact of
migration, we recalibrate our model targeting only origin-destination flows and, separately,
employment by activity and region. We perform this exercise for § = 0 and 5 = 0.083 as to
provide bounds for the strength of this mechanism. This way, we evaluate the impact of the
sorting coming only from 3, and not from migration costs.

Figure |§] (b) plots, on the horizontal axis, counterfactual changes in trade specialization
in a calibration in which # = 0. The vertical axis plots the additional impact of our baseline
value of 8 = 0.083. We can see that worker heterogeneity magnifies the impact of migration
costs on new commodities such as soybeans and cattle up to one fifth of what one would
obtain with § = 0. For the agricultural sector as a whole, it magnifies the impact by up to

one eigth.
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6.2.3 Worker Heterogeneity II: Steady state implications

We now exploit the dynamic structure of our model to examine how, matching exactly the
same data in 1950, 1980, and 2010, the paths of the economy would diverge in the long
run with different values of B[ We find that Brazil’s transformation is far from complete.
Within agriculture, export specialization in soybean continues to intensify, as does this crop’s
export and revenue shares; meanwhile all other crops — among them cattle and corn — become
less important. Aggregate export and revenue shares of soybeans continue to grow and settle
about 13 p.p. and 1 p.p. higher in the presence of worker heterogeneity, i.e., a bit more than
double their 2010 levels.

Our previous discussion of the steady state suggests that the endogenous adjustment
knowledge, s;, underlies these results: On the one hand, migration makes worker knowl-
edge available to all regions; on the other, in high-employment regions, knowledge rises
disproportionately in the presence of migration costs, since workers are more likely to stay
there. As Figure [I0] these forces play out most prominently in the case of soy, for which
the elasticity of international specialization to relative productivity differences increases by
0.26 percentage points (15 percent). This outcome is explained by the fact that it is a large-
employment activity and, moreover, this employment is concentrated in a few regions. Thus,
the reallocation of knowledge quantitatively reinforces natural advantage differences.

Although in our model knowledge only operates within agriculture, we also gauge how
these effects play out across activities. The long-run agricultural transformation slightly
delays Brazil’s structural change, as the aggregate revenue share in agriculture is about 0.7
p.p. larger relative to the no-heterogeneity calibration (8 = 0) and about 1 p.p. larger than
4.6 percent, the value observed in 2010.@

7 Migration, Comparative Advantage, and the (Gains
from Trade

To complete our evaluation of the impact of migration on international trade, we assess

how it affects the gains from trade (hereafter, GFT). In our model, a natural way to study

40To obtain the steady state, we simulate the economy forward, keeping all exogenous productivity, trade,
migration, and land wedges constant at their 2010 levels, until period to period changes in wages and employ-
ment are negligible. Although dynamics are long-lived, the largest part of the steady-state transformation
occurs rapidly: the half-life of the the differential between the 8 = 0.04 and 8 = 0 calibrations is only 2
periods.

41 Appendix Figure collects all our results for changes in specialization at the regional and aggregate
levels, both in 2010 and the steady state, for a specification that removes the scale effects of knowledge, that
is, six =35 (Lmt,l/Li’At,l)ﬁ and shows that this choice makes little quantitative difference.
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counterfactual changes in welfare is to focus on the expected utility attained by a person born
in region 1, =; @ To explain clearly the channels through which migration and comparative
advantage shape these gains, we proceed in steps. First, we show that, with only one
activity, there is an ex-ante sufficient statistic to compute the “full” GFT, i.e., the losses
from shutting down trade with every other region. Second, we highlight that migration
produces two new channels for these GFT: one related to the effects of migration on regional
terms of trade and another related to the changing value of migration opportunities. Third,
we show quantitatively that migration and comparative advantage are key drivers of the
full GFT in Brazil. Lastly, exploiting the results built in the previous steps, we investigate
how the March to the West influenced Brazil’s gains from trading internationally, which we
will refer to as the “international” GFT. To obtain the analytical results presented in this
section, we return to our simplified model in which land is not a productive factor. For ease
of exposition we focus again on 2010, but Appendix Figure shows that our conclusions
hold also for 1980.

7.1 Gains from Trade with One Activity

We start with a result that, following directly from the definitions of =; and of trade shares
7, highlights that changes in expected utility depend on changes in real wages in all regions
to which workers can migrate; these changes, in turn, can be computed using observed

regional trade shares.

Proposition 2. Using observed trade shares, one can compute the losses from full trade

autarky, i.e. T;; — oco,Vi # j, as

1/k
20 = (Z A ) , (17)

where \;j are observed migration shares and m; are observed domestic expenditure shares,

and where “B” denotes baseline and “B, A” trade autarky starting from B.

Absent migration, i.e. when )\; = 1 and \;; = 0 for any j # ¢, equation collapses
to the canonical formula for the GFT (see |Arkolakis, Costinot, and Rodriguez-Clare, 2012]).
The next proposition relates the GFT starting in our baseline to those in a situation where

migration across regions is not allowed.

42Using this metric, we compute GFT as the welfare costs of autarky or 1 — 2;, where g, is the proportional
change in welfare from going to autarky (see |Costinot and Rodriguez-Clare, [2015). The results in this
section complement the approach in |Galle, Rodriguez-Clare, and Yi (2017)) in which workers sort based on
productivity heterogeneity and geographic mobility frictions do not play a prominent role.
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Proposition 3. For region i, the autarky losses in the baseline economy éf_)B’A and the

: . AN—N,A . .
no-migration economy =;' " are related by the following equation
1/k
K K
=B—BA _ —k (&AN—=N,A Z B\ 3055
h ~~ d J#
domestic contribution N ~— 4

magration opportunities contribution,

where T; = (Wf/wg)l/a(lﬂ) .

The first thing to note is that two components contribute to the baseline losses from au-
tarky[®| The first component is the losses from autarky that would occur without migration,
2, whose weight is given by the fraction of workers who stay in i, ;. The coefficient T}
corrects for the fact that migration, by itself, worsens the terms of trade for regions that
receive workers. The second component measures the contribution of migration opportuni-
ties: additional welfare losses also arise from migration destinations in which real wages drop
when there is no trade. Note that if region i is a large receiver of migrants — and hence
T; is small — the losses from autarky tend to be smaller in the baseline economy than in
that without migration, and so migration attenuates the losses from autarky (i.e., migration

reduces the gains from trade).

7.2 Gains from Trade with Multiple Activities

We now return to our baseline simulation to study the welfare cost of autarky quantitatively.
We emphasize that the forces we have uncovered in a model with a single activity—which
state how migration opportunities shape the full GF'T—carry over to a model with multiple
activities. Namely, (i) changes in real wages in other regions contribute to the GFT, and (ii)
migration by itself induces changes in local real wages via changes in the terms of trade.

With multiple activities, these migration-related forces interact with comparative advan-
tage. For one thing, larger proportions of workers sort into region-activity combinations
with high efficiency relative to the rest of the world, governing the initial \;;; shares. For
another, comparative advantage activities tend to experience larger reductions in real wages
from going to trade autarky.

Figure (a) presents the full GFT. The gains are large, (on average 23 percent), but

also vary substantially across regions. Using equation (18]), we can compute the share of the

43We continue to write changes in real wages as a function of domestic trade shares 7; although the first
term is not directly observable, to both keep the symmetry with equation and emphasize that some of
these components are directly observable.
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full GFT accounted for exclusively by migration opportunities (i.e., the welfare loss from real
wage losses in migration destinations)@ Figure|11| (b) plots this share against the fraction of
people leaving each region. The contribution of migration opportunities ranges from minimal
to, for a large number of regions, almost the full losses from trade, with an average of 61
percent. The migration-opportunity contribution is correlated with the fraction of people
who leave when migration is available, 1 — >, A x, as one expects from Equation .
That this correlation is far from perfect, highlights that comparative advantage and regional
heterogeneity are also key determinants of the importance of migration opportunities. Since
the West tends to receive workers from the East, the migration-opportunity contribution is
smaller on average for the former than the latter (50 percent and 63 percent; see Panel (c)).
This share is particularly low in large urban centers in the East and expanding agricultural
regions in the West.

To assess the direct impact of comparative advantage on the full GFT, we compute the
ratio of the GFT in a model with one activity relative to a model with multiple onesﬁ
As panels (d) and (e) show, the contribution of multiplicity of activities to the GFT is
strongly associated with comparative advantage in agriculture relative to the rest of the world
(measured as autarky relative price indexes). For many regions in the West, in particular,
including heterogeneity across activities almost doubles the GFT. Since it is inherently a
local characteristic, comparative advantage operates chiefly by strengthening the response
of local real wages to trade (i.e., the domestic component in equation (18])), and less so by
shifting migration opportunities (the second component in equation (18])).

Lastly, we study in Panel (f) how migration and comparative advantage interact to deter-
mine the GFT. On the y-axis, we measure how the contribution of migration opportunities
changes, when going from a one-activity model to one with multiple activities. On the x-axis
we measure again the GFT with many activities relative to the GF'T with one activity. The
figure shows a clear negative relation, with a slope of -0.52, which means that the larger the
role of comparative advantage in the GFT, the smaller the share of migration opportunities
in the GFT (relative to a one activity model). Hence, although migration opportunities cre-

ate further gains from trade in a many-activity model (relative to a one activity one), these

4 That is, we set T, * (éivHN’A> equal to 1 in Equation and divide by the full GFT. Appendix

shows the equivalent of expression in a model with many activities, which we use to make these calcula-
tions. Although a decomposition such as —Which exactly links welfare losses in the two scenarios—is not
available in a model with multiple activities, one can easily separate the contribution of migration opportu-
nities to the total gains from trade, as we do in this exercise. The correction term T adds little quantitatively
to our results. The average T, ™ across meso-regions is approximately 1.006 with a standard deviation of
0.02.

45We calculate the one-sector losses using equation . Levchenko and Zhang| (2016|) perform a similar
comparison underscoring the quantitative importance of comparative advantage.
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further gains do not rise as fast as the additional gains coming from domestic markets [

7.3 The Impact of East to West Migration on the International
GFT

Having established the contribution of different economic mechanisms in the case of full GF'T
and full migration autarky, we now return to our main counterfactual and study the inter-
national GFT. For brevity, we concentrate on the core mechanisms and provide additional
discussion in Appendix [F}

Figure (a) maps the international GFT across regions. For Brazil as a whole, the
international GFT are 4.9 percent, reflecting that it is a relatively closed economy. Within the
country, nevertheless, there are regions for which international trade is crucial, and limiting
it can cut down welfare by as much as 11 percent. Panel (b) presents the impact of limiting
East-West migration on the gains from international trade. The average international GFT
drops by a modest 3.1 percent (0.15 percentage points out of the 4.9 percent baseline), but
again, across regions, the differentials range from -15 to 6 percent. The impact of migration
is particularly large for the Central-West region, which hosts a large production share of
Brazil’s new export activities, and which also received the majority of Eastern migrantsE]
We now proceed to disentangle the forces behind these international GFT differentials.

Echoing our previous results, we begin by computing the contribution of East-West mi-
gration to international GFT in our baseline economy. Across regions, the welfare changes
coming from East-West migration opportunities contributes substantially to the interna-
tional GFT (20 percent on average). In the counterfactual economy, these opportunities are
not available to workers, which tends to lower the international GFT across the board.

To understand the regional variation in Panel (b), the interaction between migration
and comparative advantage is key. Consider first what happens to real wages in each re-
gion. From Fact 2, we know that Eastern workers sort disproportionately into agriculture
when they migrate to the West and, especially, the Central-West. This means that Eastern
migrants sort according to the West’s international comparative advantage, which makes
Western sales more reliant on international markets, rather than domestic ones. In the
West, therefore, the drop in real wages from going to international trade autarky is larger
in the baseline, when migration is allowed. The exact opposite happens (i) in a few regions

in the northeast—which also have a comparative advantage in agriculture relative to ROW,

46Tn unreported results we find that, in going from one activity to many activities, migration opportunities
increase the gains from trade, on average, by 3 percentage points.

4TThe mass of workers drops by 40 percent in the Central-West and 17 percent in the North when we limit
East-West migration.
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but instead receive the Eastern agricultural workers in the no-migration counterfactual—and
(i) in the manufacturing regions in the Amazon, such as Manaus. In the rest of the East,
because changes in labor supply are small, these effects are quite muted. Finally, note that
an additional consequence of limiting migration is to make local real wages, relative to the
ones associated with migration opportunities, have a larger weight in the expected welfare
of workers born in each region.

Putting these forces together, we conclude that the international GFT in high-employment
regions in the East were not greatly affected by migration, which explains why aggregate
GFT are resilient to it. But the large heterogeneity we observe across other regions is driven

by how migration interacts with the forces of comparative advantage.

8 Conclusions

We have studied how the allocation of labor within a country shapes comparative advantage
at the regional and aggregate level. We have shown that the decline in East-West migration
costs since 1950 that drove the March to the West also encouraged the development of new
industries, such as soy, cattle, and corn. Key to these new developments was the reallocation
from regions in the East, where these commodities were already being produced, to those in
the West, were productivity grew and matched with the inflow of workers.

Our research contains lessons for research on trade and migration, by highlighting that,
over long periods of time, migration can amplify natural differences across locations and
shape comparative advantage, which previous research—including ours—often considers an
unchanging feature of the world. This complementarity also holds policy lessons on the
formation of new exporting sectors. Migrants can substantially boost the expansion of new

exporting activities, specially if they bring knowledge about these activities.
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9 Tables and Figures

Figure 1: The Share of Population, Agricultural Land Use, and Agricultural Value Added
in Brazil’s West
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Notes: This figure shows the evolution of the the share of population, agricultural land, and agricultural
value added in the West. The “March to the West” was first announced in 1937, but changes are only
noticeable after 1950, following a series of economic and policy shocks.

Figure 2: The Spatial Distribution of the Brazilian Population between 1950 and 2010

(a) 1950 (b) 1980 (c) 2010

Notes: The figure shows the division of Brazil into meso-regions, which is the geographic unit used in our
analysis. The red contour shows the meso-regions we classify as the West. The West incorporates the North
and the Central-West, two of the five official regions defined by the Brazilian statistical bureu (IBGE)
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Figure 3: The Share of Workers in the West who were born there, by Economic Activity

|| [ 1980
I 2010

Share of workers from the West

Notes: The figure presents the fraction of the total employment in the West, in each year, comprised by
workers born in the West.

Figure 4: The Share of Workers born in the West across all States in 2010, for Selected
Activities

(a) soy (b) cattle (¢) corn

Brad

[T

e
| 2

Notes: Each region is a state. For each state we present the fraction of the total employment in 2010
comprised by workers born in the West. The red contour shows the meso-regions we classify as the West.
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Figure 5: Correlation between Migration Costs and Distances
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Notes: This figure correlates the log of the symmetric component of migration costs between states (uss ¢)
against travel distance between states. We recover the migration costs between regions from fixed effects of
gravity equations of migration in which no information on distance is used. Lines in the figure show the best
linear fit and the 95 percent confidence interval.

Figure 6: Regional Exposure to Migrants and Changes in Export relative to Manufacturing,
in the West

Export Share in Brazil Todal
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Notes: Each observation is a region-activity pair in the West. The horizontal axis measures the fraction of
effective employment comprised by workers born in the West itself. The vertical axis shows the counterfactual
change in exports relative to manufacturing (as a percentage of the baseline exports). The size of the markers
represents the magnitude of exports in the baseline as a fraction of Brazil’s total in that activity.
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Figure 7: Changes in Exports relative to Manufacturing between 1950 and 2010, for the
West and Brazil as a whole

(a) West (b) Brazil
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Notes: Panel (a): Each observation is an activity aggregate. The horizontal axis measures the fraction
of effective employment in the West comprised by workers born in the West. The vertical axis measures
the counterfactual change in West’s exports relative to manufacturing (as a percentage the baseline value).
The size of the markers represents the magnitude of exports in the baseline. Panel (b): Each observation is
an activity aggregate. The horizontal axis measures the fraction of effective employment born in the same
region where they work, weighted by baseline exports. The vertical axis shows the counterfactual change in
Brazil’s exports relative to manufacturing (as a percentage of the baseline value). The size of the markers
represents the magnitude of exports in the baseline.

Figure 8: Accounting for Observed Changes in Specialization
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Notes: These figures show the counterfactual change in specialization for each activity, relative to the that
in the data, between 1950 and 2010. Specifically, each panel plots, for each activity k
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Activities in black circles are those in which RBE grew over this period, while those in white circles shrunk.
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Figure 9: Measuring the Contribution of each Mechanism to Specialization in 2010

(a) Measuring the Hecksher-Ohlin Chan-
nel (b) Measuring the Knowledge Channel

Notes. Panel (a): Each observation is an industrial aggregate for the West. The horizontal axis measures
the counterfactual change in specialization under a parameterization in which land is not a productive factor
in any sector (as a percentage of the corresponding value in the data). The vertical axis shows the additional
counterfactual change under a parameterization in which land cost shares are heterogeneous within the
agricultural sector (in percentage points). Panel (b): Each observation is an activity aggregate for Brazil.
The horizontal axis measures the counterfactual change in specialization under a parameterization with
homogeneous workers, 8 = 0 (as a percentage of the corresponding value in the data). The vertical axis
shows the additional counterfactual change under a parameterization in which heterogeneity is maximal,
£ = 0.08 (in percentage points). The dotted lines indicate the corresponding increases as percentages of the
changes in the horizontal axis.
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Figure 10: Measuring the Contribution of Knowledge to Specialization in the Steady State
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the vertical axis shows exports in that crop (relative to manufacturing and relative to ROW in logs). For
each calibration we also report regression lines.

47



Figure 11: Comparative Advantage, Migration, and the Losses from Autarky (2010)
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Notes: All simulations are for 2010 and each observation is a region. Panel (a) shows the welfare losses from
letting each region go to full trade autarky, as a percent of baseline welfare. Panel (b): The horizontal axis
the fraction of workers leaving that region in the baseline simulation. The vertical axis measures the ratio
of the welfare cost that results solely from migration opportunities (i.e. setting the domestic contribution
to zero) to the total costs and taking the ratio of Z;. Panel (c): shows the vertical axis of Panel (b). Panel
(d): The vertical axis plots the ratio of the GFT with many activities to the GFT with one activity, both
as percent of baseline. The horizontal axis shows the autarky opportunity cost of manufacturing relative to
agriculture. Panel (e) shows the horizontal axis in Panel (d). Panel (f): The vertical axis is the same as in
in Panel (d). The horizontal axis shows the change in the contribution of migration opportunities in going
from a one-activity to a many-activity version of our model.
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Figure 12: The March to the West and the International Gains from Trade (2010)

(b) The Impact of Migration on
(a) The Gains from International GFT (counterfactual versus base-
Trade line)
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Notes: Panel (a) shows for each region the gains from trade with the rest world, defined as the welfare cost
of prohibiting foreign trade only (but allowing domestic trade). Panel (b) subtracts the baseline gains from
trade from the gains from trade in the counterfactual scenario (no East-West migration).
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Table 1: The Evolution of Brazil’s Trade Specialization (1950-2010)

Brazil East ~ West  Exports (%)
1950 1980 2010 2010 2010 1950 2010

(1) (2) (3) (4) G © O

corn 2.12 0.52 4.56 1.45 25.43 1.35 3.93
livestock 1.12 1.77 5.69 3.40 21.05 217 6.89
soy 0.01 60.88  69.74 44.85 237.02 0.00 29.43
cotton 9.41 0.72 3.28 2.16 10.83  6.23 1.79
restofag 1.01 2.19 2.51 2.52 247  13.66 28.40
sugarcane 18.82  27.91  52.28 57.32 1836 570 16.13
rice 0.19 0.07 0.43 0.48 0.06 0.44 0.56
coffee 655.55 339.56 166.11 190.24 3.95 59.22 8.01
cocoa 273.44  299.89 15.00 17.22 0.11 8.98  0.40
tobacco 6.70 19.92  64.27 73.84  0.00 1.76  4.39
banana 5.09 1.81 0.38 0.44 0.00 049 0.06
agriculture  4.98 5.08 6.14 5.35 11.50 79.77 31.96
mfg 1.00 1.00 1.00 1.00 1.00 20.23 68.04

Notes: Columns (1) through (3) present our index of bilateral specialization for each activity (relative to
manufacturing and relative to the rest of the world) for 1950, 1980, and 2010. Columns (4) and (5) present
the same index broken down by East and West of Brazil, for 2010. Columns (6) and (7) present the share
of each activity in Brazil’s agricultural exports in 1950 and 2010.
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Table 2: The Relation between Farmers’ Income. Choices. and Region of Origin
OLS OLS OLS PPML PPML PPML

(1) 2) (3) (4) () (6)
a: Income (logs)

Farmers in origin ~ 0.016***  0.023**  0.047%%% (0.045%%* (.083%** -
(0.005)  (0.010)  (0.016)  (0.012)  (0.020) .

R? 0.342 0.702 0.729 - - -

Obs 6794 6794 5180 6794 5180

b. Farmers in destination (logs)

Farmers in origin ~ 0.074***  0.075%%*  0.101%**  0.120%** 0.131*** 0.165***
(0.007)  (0.014)  (0.022)  (0.013)  (0.023)  (0.011)

R? 0.183 0.751 0.774 - - -
Obs 7375 7375 5609 7375 5609 127950
c. Worker heterogeneity parameters

K 4.625 3.260 2.148 2.666 1.578

B8 0.016 0.023 0.047 0.045 0.083
Dest-Act-Year FE Y Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y Y
Above Q1 Y Y

Include zeros Y

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 destination-activity-origin-year
cell. Column 3 and 5 drop the sample in the bottom quartile in the distribution of the dependent variable.
“Farmers in origin” is the log of farmers in the same activity in the region of origin lagged by thirty years.
Column 6 includes zeros in all bilateral migration pairs for destination regions with at least one producing
farmer. Our sample excludes return migrants and non-migrants.
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Table 4: Description of the Parameters Recovered in the Calibration

Year
1950 1980 2010

O @2 6

a. Migration costs

Average migration costs 33.62 20.49 18.38
Migration costs within states 2.21 191 1.78
Migration costs between states: East versus West 103.03 42.61 37.83
Migration costs between states: within the West 60.85 24.35 21.45
Migration costs between states: within the East 58.04 29.41 26.19
Elast. of migration costs w.r.t. travel distance 1.00 0.80 0.72

b. Productivity
Productivity in manufacturing in the West relative to the East  0.48 0.75 0.82

Productivity in agriculture in the West relative to the East 0.80 1.02  1.22
- Soybeans 0.31 1.47  1.39
- Livestock 1.66 1.06  0.98
- Corn 0.73 0.77 1.61
Productivity of land supply in the West relative to the East 0.35 0.56 1.24
c. Trade costs

Trade cost between Brazil and RoW - manufacturing 8.83 5.13  3.96
Trade cost between Brazil and RoW - agriculture 9.70 5.42  4.06
Elast. of trade cost w.r.t. travel distance 0.15 0.14 0.12

Notes: This table shows results from the calibration of the model. Migration costs are presented in terms
of its harmonic average. Productivity is averaged using employment weights. International trade costs are
averaged using trade-flow weights. The elasticity of migration cost with respect to travel distance is the
slope of a regression of the log of estimated migration costs between states against the log of travel distance.
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Online Appendix
A Data

This section describes in detail the construction of the our data set. Table [A-3] and [A2)] present summary
statistics of the key aggregate variables of our final data set.

Employment and Migration. Our data on migration and employment comes from decadal de-
mographic and economic censuses organized by the Brazilian statistical institute IBGE (Instituto Brasileiro
de Geografia e Estatistica). For 1970, 1980, 1991, 2000 and 2010, we have micro-level data on migration
and employment. For 1950 and 1960, we digitized state-level aggregates from historical census publications.
The information in the micro-level data is divided in two questionnaires: one applied to the universe of
the population, which asks basic questions about education and the family structure, and one applied to a
smaller sample, which asks detailed information on migration, employment and income. We observe both
total income, which include transfers from the government, and income in a workers main activity. In our
analysis,we use the latter. In 1970 and 1980, 25 percent of the population was sampled for the detailed
questionnaire. For 1990, 2000 and 2010, about 25 percent of the population was sampled in smaller munici-
palities and 10 percent in larger ones. In 2010, the census about 12 million individuals received the detailed
questionnaire.

For the census of 1980 onward, we observe the current and the previous municipality of residence of
each individual, if they have migrated within the previous 10 years. We use this variable to define migration
in the reduced form elasticities that we presented in Section [3] but as we show later in this appendix, our
qualitative results are robust to alternative measures of migration@ Since less than 0.1 percent of Brazil’s
population was born abroad, we remove international migrants from our sample. For 1970, we have micro-
data with information on the state of birth and the state of residence. For 1950 and 1960, we use information
on the total population in each state who were born in each state of Brazil, and also information on total
employment per economic activity. In our structural calibration, we use the state of residence and the state
of birth to measure the flow of workers between states.

For 1980, 1990, 2000 and 2010, we can use our micro-data to construct the migration flows of workers
who were born in state s and live in state s’ and work in activity k, which we denote by Ly k. For 1950,
we observe only the migration flows from a state s to a state s’, which is given by Lsy ;. Given that we
do not directly observe Ly ;: in 1950, we therefore use entropy methods widely applied in the construction
of input-output matrices to obtain L, r:. Specifically, we apply the algorithm developed in [Ireland and
Kullback| (1968). In our case, the algorithm consists in searching for values of Ly ¢ based on a guessed
value [sts/7kt until Lgs i+ are consistent with aggregate data on Ly i and Ls;. In our case, we use data
on Ly 1980 from 1980 (adjusting the overall population size to the one in 1950) as guesses of Ess',leSO to
construct the values for Lo 1950 that are consistent with observed values of L35/71950.@

Gross Output. To construct gross output and value added per meso-region and activity, we apply a
procedure that ensures that our aggregates are consistent with the ones measured in dollars by FAO and
United Nations. We compute shares of value added by meso-region and activity and multiply such values
by aggregate values from such organizations. When necessary, we apply the algorithm developed in [Ireland
and Kullback| (1968) to construct more disaggregated values.

Our data on agricultural revenues come from PAM (Produgdo Agricola Municipal), which is organized
by the Brazilian census bureau. PAM provides municipality level data since 1974 for more than 20 crops and
state level data since 1930s for a subset of crops. For cattle, we use data from the agricultural census. We
converted the revenues measured in these data sets into value added and computed the share of value added
coming from each agricultural activity for each meso-region. We then multiplied these shares of value added

48The 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.

49In addition, in 1950 we do not observe labor employment in soybeans. We therefore complemented our
numbers with special reports from EMBRAPA on historical production of soybeans across regions.



by agricultural activity - given at the meso-region level - by the share of value added in agriculture coming
from each meso-region relative to the total value added in agriculture in Brazil, which is measured by IPEA.
Lastly, we multiply the share of value added by meso-region and agricultural activity by the aggregate value
added in agriculture measured in dollars measured by UN. For the manufacturing and service sectors, we
bring in the share of value added for each meso-region measured by IPEA, we then multiply such shares by
the aggregate value added measured by UN. Lastly, with data on value added, we computed gross output
using the share of value added in the World Input-Output Database.

For 1950, we do not observe value added by economic activity at the meso-region level, but only aggre-
gates at the state-level. As with migration, we use the entropy method developed in [Ireland and Kullback
(1968) to adjust our values. In particular, we search for values of value added V' A; i, based on guesses of
value added V~Aj7kt until they are consistent with observed value added by state and activity V As x: and
value added by meso-region V' A;,. We use the values from 1980 as guesses of V~ALM for 1950.

Trade Flows. The data on trade flows by agricultural activity come from FAO. The data is disag-
gregated by good, according to the Harmonized System at the 6 digit level. We classified the trade flows
according to the agricultural activities included in our analysis. We focused on the unprocessed versions of
each good. For example, for tobacco, we excluded manufactured cigars and, for wheat, we excluded pastry
related goods. Since the data from FAO starts in 1960, we extrapolate exports and imports back using data
on aggregate exports and imports from IPEA.

For 2010, we use export data by State from Comexstat, a website organized by the Ministry of De-
velopment, 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 registered according to the
location of production. For domestic trade flows, we digitized data on trade flows between states from the
annual statistical yearbook reports from the Brazilian government of 1947, 1948, 1949, 1972, 1973 and 1974.
For 1999, we use estimates of trade flows between states from [Vasconcelos| (2001)) based on state merchandise
and services taxes.

B Additional Quantitative Analyses

This section discusses the robustness checks related to Fact 3 in the main body of the paper, an additional
motivating fact that complements the ones presented in the main body of the paper, additional inspection
of the migration costs and the econometric implications of an alternative model that emphasizes the role of
workers sorting.

B.1 Robustness checks for Fact 3

This section discusses three sets of robustness checks for Table[2] In first set of robustness checks, we inspect
different sample specifications. In the second one, we analyze a different definition of migration. In the third
one, we include a set of variables related to workers’ migration history to investigate the mechanisms driving
our results.

Tables [A-4] and [2| report our results using alternative sample specifications. In the first 6 columns, we
experiment with different time lags of L;; ;—1 (10, 20 and 30 years), different official levels of disaggregation
of labor markets defined by the Brazilian statistical bureau (meso-region and micro-region) and with the
inclusion of additional years of censuses data as availablem In our income regressions, our point estimates
are statistically the same when we use different lags. When we include additional censuses years, we lose
statistical power as we incorporate years with fewer agricultural activities (for example, soybeans are not
available as separate activity in 1970). In column 7, we include socio-economic status (SES) variables (i.e.,
gender, ethnicity, age and education averaged within each ij, kt). Column 8 shows that our results are similar
if we include all workers older than 20 years old in our sample. Panels (c) and (d) select only the cells that

50Micro-region is a finer-level of labor market aggregation relative to the meso-region. Specifically, we
have 137 official meso-regions in Brazil and 558 micro-regions.



are above the bottom quartile in the distribution of farmers in the origin. Lastly, panels a and b in Table
show that if we run the income regressions at the individual level, we recover similar point-estimates
relative to the ones in Table 2

We now turn to an alternative definition of migration, which is based on a workers current state of
living and state of birth. In this case, we can only run state-level regressions since we do not observe the
municipality of birth of a worker. As expected, Table shows that our income regressions have point-
estimates that are slightly smaller than the ones in our baseline specifications, since we are averaging over
workers coming from heterogeneous origins. Table shows that our point-estimates are smaller when
we include all years between 1980 and 2010, but they are still statistically significant. Our activity choice
regressions present larger coefficients. Noticed that, as we moved from micro-regions to meso-regions and
states across specifications in different tables, the coefficient for population becomes larger.

Lastly, we inspect whether the results that we found for Table [2| come from workers learning how to
produce specific activities in their previous region, or if our results instead reflect a process in which workers
are constantly sorting across regions in particular ways that generate a correlation between L;;;—q1 and
knowledge about how to produce specific activities (as we show formally later in this section, this alternative
mechanism, by itself, is inconsistent with the coefficients that we find). To do so, we control - to the best
that our data allows us to - for characteristics of the regions where workers come from prior to their previous
region. We include in panels (c¢) and (d) of Table controls for the share of workers whose last place of
living matches their state of birth and also controls for the share of workers who are return migrants. Our
results are only slightly affected by the inclusion of such variables. Second, panels (d) and (e) focus only on
the sample of workers whose last place of living correspond to their state of birth, which tends to exclude
workers who come from third places. In both cases, our results are similar to the ones presented in panels
(a) and (b), which present our baseline results without such controls.

B.2 Additional motivating fact

Fact 4: Agricultural revenues increase with immigration from regions employ-
ing many farmers in that crop, after controlling for employment.  This empirical
fact focuses on the aggregate implication of Fact 3. Specifically, we examine how the aggregate production
in a region depends on farmers’ composition in terms of their region of origin. To do so, we estimate

A
log (yjkt) = tj.t + Lkt + o logworkers; i +a%log E Wij ktworkers; pr—1 +€; kt, (19)
—_— -
Abundance !
Composition

where workers; i, is the aggregate number of workers producing activity k in destination j and w;j i is the
share of workers in destination j producing activity & who come from origin i. We estimate equation
using two dependent variables: quantity and revenues. 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 shows, first, that a 1 percent increase in the abundance of farmers in a region is associated
with a 0.9 percent increase in revenues. Second, it shows that a 1 percent increase in the average number of
farmers in the origin is associated with a 0.2 percent increase in revenues, even controlling for the abundance
of farmers, which indicates that the composition of farmers is strongly associated with total size of the sector
in a region. To test the robustness of our results, we add controls for the composition of workers in terms of
their socio-economic characteristics and the share of migrants in a region. To address potential endogeneity
in migration patterns, we follow the literature on migration and use predicted values from migration gravity
equations where we include only the euclidean distance between regions as a predictor of migration.



B.3 Econometric Implications of a “Fixed Types” Model

In this Section, we explore the implications of a model in which individuals have assigned “types” (i.e. they
can only work on one activity) at the time of their location and occupation decision. We show that, both if
workers sort according to income and if they sort at random, such a model yields econometric implications,
that are inconsistent with the results found in Section [Bl

In both sections below, we consider the following common setup. Workers are born with a type k—
and associated productivity s; ;— in a number proportional to their parents, L; ;. Idiosyncratic shocks are
drawn from the same Fréchet distribution as before, with dispersion parameter s

B.3.1 A “fixed types” model with sorting according to income

Migration Probability. Migration probabilities A x: reflect the following problem

Wy kSi,k
max { —2—"Cey b
i U Pjpijre

The solution is:

where R
E‘?,kt = Z Wi';",kt‘
j/
Econometric specification. The income of a worker of type k from i going to region j are given by
Incomeijkt = Wj kSi,k,
Hence, the corresponding regression equation is:
log Income; j; = log w; 1, + log s; 1 + ufjkt, (20)
where we allow again for measurement error in income.
Likewise, the migration equation states that
Lijre = NijreLi ke—1,
and the corresponding regression equation is:
log L;jke = klogwj i + klog s;  — klog Pj — klog pijke +1og Ligi—1 — Héz‘,kt- (21)

Direct comparison of equation with the results from shows that worker heterogeneity according
to origin location is necessary to reproduce them. Moreover, one needs to impose s; j, = EiLg w1, to replicate
our regression. In turn, using this assumption in shows that the coefficient of L; ;1 should be 1+ x4,
which is at odds with the results from . In our specification, in which we essentially use one cohort, one
cannot separately identify L; p;—1 from the fixed effect that would capture ézkt



B.3.2 A “fixed types” model with random sorting
Migration Probability. Migration probabilities S\ij’kt reflect the following problem

max {ex} .
J
The standard solution is:
~ 1
Aij kt = 7

Econometric specification. The income of a worker of type k from i going to region j are given by
Income; e = Wy kSi ks
Hence, the corresponding regression equation is:
log Income; j; = log w; 1 + log s; 1 + ufjk“ (22)

where we allow again for measurement error in income.
Likewise, the migration equation states that

1

Lijre = jLi,kt—la

and the corresponding regression equation is:
log Lijx: = log Ligi—1. (23)

Equation shows that one requires the same conditions as in the previous Section to rationalize the
income equation. Moreover, equation shows that the coefficient of L; y+—1 should be 1, which is at odds
with the results from .

C Model Detalils

In this section, we first present a formal definition of the equilibrium in Section |4l We then present the full
model we use to obtain our quantitative results.

C.1 Equilibrium

Costs. We begin by defining efficiency wages as w; = 7, (s) /s, i.e., as income per unit of knowledge.
7, 7,

When 8 = 0, s; = 1 for all workers, efficiency wages boil down to the standard payments per worker.

The cost of a unit of input bundle is ¢; 5 = Kﬂw;;%ﬂk )17%

I , and the unit cost of
producing a unit of good k in region j is ¢; x¢/A; k-

where £ =7 (1 —

Trade Shares. Utility maximization gives the standard Armington expenditure shares: the share of
region j’s expenditure in sector k goods produced in region 7, m;; k¢, is given by:

(Ci,ktTij,kt/Ai,kt)lin

Do (Cy,kth"j,kt/Az",kt)kn.

Tij,kt =



Migration Shares and Labor Supply Turning to migration, the definition of the observable
component of welfare together with optimal worker sorting gives the share of workers from i choosing to
work in region j and sector k, A;j k¢

/\ij,kt = :7,];“ (24)

St

where 27, = Zj Sk lwj kesine/ (1 ke Pje)])”. We define the effective units of labor migrating from i to region
7, sector k as
Eij ki = si ke NijeeLlig—1. (25)

Closing the model. We assume that land rents in a region are rebated to workers who live there,
proportionally to their labor income. We also assume there are no deficits. Therefore, total expenditure in
region j reflects payments to factors there

Xjt = E Wy ket Ej ke + 75,0 Hjes
k

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

Equilibrium Given a geography for ¢t = 1,...,00 and initial labor allocations in period 0, {Liro}; 1>
a competitive equilibrium is a sequence of migration flows, efficient labor allocations, and prices, for each
origin ¢, destination j and good k, {L;j kt, i kt, Wi ke, 75+ } » that satisfy

1. The market for efficiency units of labor clears in region j and good k:

Wikt Ejee = (1= ) Y i gt Xi et (26)

(3

2. Land markets clear in region j:

il = Z Tk Z Tji kit Xi ket s (27)
k i

3. Total immigration determines the effective supply of labor in region j, good k:

Ej= Z ikt (Lige—1) Lij ke (28)

where the function s; k¢ is defined in equation ().

4. Migration flows maximize workers utility

Lijre = NijkeLig—1. (29)

C.2 Small Economy Equilibrium

We start by studying equilibrium prices when the Home economy is small. To do this, we adapt the procedure
in |Alvarez and Lucas| (2007). We use the following assumptions, for each region in Home: (i) L, — 0, (ii)
Azgl/Ll — 51"]@, where § € (0, OO), (111) HZ/LZ — h;, where h; € (0, OO)7 and (IV) Lz/Lz’ — Ly



Assuming that, in the limit w; ; € (0,00) and 7; 1 € (0,00) — which we verify later — the equilibrium
price indexes for each region and sector
1-n
1— _
Pip= D (cinmyinr) "AL!
J
and assumptions (i) and (ii), imply that

P — (CriTirk) [Ark, Vi, k.

)

where cpy =w F(l K r%aP}ﬂ)‘ solves the labor and land market clearing conditions for Foreign

wrrErr = (1 —7) aarXp
T’FHF = Oé’yXF.

In what follows, we take wg, rr and {P; ;} as given.
We now characterize the equilibrium wages and rental rates for each region at Home. Using labor market
clearing

1—
1— n
wa( ) a'y Pl a

, P Tijk/ Ai k
wlkz Sz k'LUzk K,Uzzk ) Si’,kLi’:a(l_'Y) Z( i,k i 19 / i > Xj7k:
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which implies:
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where the second line divides through by L, , and uses assumptions (i) through (iv).
Similarly, land market clearing states

1 ) a’YPI ar. /A I=n a(l—y) Oé’Y Pl QA I=n
A k k wzk) Tij,k / k

k jEH ik Prx

which implies

ril+a'y(n—1) Zwa(l 20) 1_n)5i,kh;1

1—ay =7
Tij, e D
Tigkti X 1
( Pr, ) F’kl B

Taken together, equations and constitute a system of equations for w;  and r; jointly for all ¢ € H,
which depend only on predetermined constants, parameters, and prices solved above.

C.3 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;;i: = Liji, Wikt = Wik, T4t = 74, and

7



Bk = Ei,k, Vit =1,...,00. Equilibrium conditions
wikBik = (1= ) > Ty Xk
i

riHj = Z% Z Tji kX
k i

Ejr = ZLgkLij,ka

Lijr = )\;‘,kLi-

Ly=Y L [Z )\ij,k‘|

i k

C.3.1 Closed economy without internal geography

To draw sharp conclusions about how migration and the knowledge externality shape the steady state
equilibrium, we focus on a model with two sectors, denoted k and &’. Letting w = wy /wys, we can boil down
our equilibrium to a labor market clearing equation

1/o
- — < Akt Nor )
(1=Ape)1— )\'gt_l

Akt )‘gt—l
1 — Mg w(l-— )\kt_l)B

To study the dynamics of the system, we substitute for w in the migration equation to obtain

and a migration equation

~ o—1
’BKK‘FU

5‘t =X,

where \; = Mt/ Ak 1. We distinguish the following cases. First, if o < 1, so sectors are complementary, the
unique equilibrium is features symmetric labor allocations, A =1 Second, when o > 1, there are multiple
equilibria: one symmetric, A= 1, and two featuring full specialization, A=0.

The properties of the equilibrium are shaped by the interaction of agglomeration and dispersion 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 ny: as 1, 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; 1+ = 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 3. Note that this force only operates in
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. Related, 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.



C.4 Quantitative model

In this section, we give a streamlined description of the model we take to data in Section |5, emphasizing
differences with respect to the previous section.

C.4.1 Environment

We focus attention on a Home country, which we divide into j = 1,..., [ regions, and a rest of the world
composite, denoted by F. We denote all regions in the world by W. There are g = 1, ..., G sectors, which
corresponds to manufacturing, services and agriculture. Within each sector we have k = 1, ..., K, industries
(or economic activities) and each region produces an unique variety of each good. Time is discrete and
indexed by t. Iceberg trade and migration costs deter the flux of agents and goods across space. At each
time, the geography of the economy is given by a set of natural advantages, a matrix of bilateral trade costs,
a matrix of bilateral migration costs, and a land productivity term: {A; ks, Tij.kts L kt, 9j,¢ }- We omit time
indexes whenever unnecessary for our presentation.

C.4.2 Technology
Goods production. An agricultural worker with knowledge s rents land and produces according to

o
ajk () = Ajk ((1 —Ug) st=P 4 ykll_p) =5 pleak

where s is the worker’s knowledge, [ is land, and m is the use of intermediate inputs. The parameters p and
a measure the elasticity of substitution of land and labor, and the value-added share.

Final good aggregator. In each region, a competitive firms aggregate goods according to a nested
CES technology and transforms them into sectoral and final output. The corresponding price indexes are

G
l1—-0 __ 7 l1-0o
Pii” =2 bePrgl
g=1

Kg
Pig" =Y akpia"
k=1
and
pjl-,;tm“ = Z (Tij,ktpi,kt)l_nk .

14%

Land supply. To capture adjustments in the quantity of land, we introduce a government that develops
farmland (H; ;) using the following technology:

1
Hjy = gjunly. (32)
where g;; is the productivity of the land technology and z;; is a final output requirement. The govern-

ment prices land competitively and rebates profits to farmers proportionately to their land use. With this
formulation, the elasticity of land supply with respect to land rent is { =1/ (¢ — 1).

C.4.3 Workers

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

max Wi kt€j kt
Js



where ¢ is drawn 1.i.d from G (¢) = exp (—e~ ") and W, is given by

Wy, ktSi,kt

Wiie =
J,kt )
Mgkt D) e

where P;; is the price of a unit of final goods in region j.

C.4.4 Expenditure and accounting

Total final expenditure in region j comes from payments to factors and net transfers, 77 :

¢ K,
¢—1
X = it DY wik B+ Ty (33)
g=1k=1

Region j's Final expenditure on sector g, and good kwithin sector g is given by:

P l1—0o
F 7 j,st F
Xjot =b; (1%_ t ) X (34)

=bj,st

l—0og
_ Dy kt
(Ef:kt =a <Ff > stt (35)

J,st
=0aj kt
Region j’s total expenditure in intermediate inputs
G Ky 1
X =33 (1= o) Yjpe+ —rjuHjy (36)
g=1k=1 ¢
where Y 1; is region j’s revenues of activity k. Region j’s Expenditure on intermediate inputs from sector s
I I
Xj,st = bj,sth,t (37)

Region j7's Expenditure on intermediate inputs from activity &, sector s

a:ikt = aj,kthI,st (38)

Region j’s Total Expenditure on activity k:
_ _F I
Tjkt = Tjpt + Tj ke
Bilateral trade flows
Tij.kt = Tij ktLj kt

1=k
(Ci,ktTij,kt)
1=
Py kt

Tij,kt =

C.4.5 Endowments and supplies

Ejp = E Sitt Lij ket
i=1
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C.4.6 Equilibrium definition

Given a geography for ¢ = 1,...,00 and initial labor allocations in period 0, {L; o}, ,, a competitive equi-
librium is a sequence of migration flows, efficient labor allocations, and prices, for each origin i, destination
j and good k, {Lij k¢, Ei kt, Wi ke, Tt} , that satisfy

1. The market for efficiency units of labor clears in region j and good k:

Wikt s kot = Vi k0 Y kot

2. Land markets clear in region j:
9

¢ K
ri iy E — Ui kt) Y5 ke
g=1 k:l

3. Total immigration determines the effective supply of labor in region j, good k:

j kt = Z Sq, kt Li g1 L’L] kts (39)

where the function s; x; is defined in equation .

4. Migration flows maximize workers utility
Lijre = NijreLie—1- (40)

where

1—p
ij kit

Vi kt = 1—
3 (L =0)r”

Yk = E i ket L5 ket
4

Migration Costs and Comparative Advantage

C.5 Relative Opportunity Costs and Migration at the Regional
Level

In this section we provide proofs for the statements in Section [4:3]of the main body of the paper, which relate
specialization, comparative advantage and internal migration. We begin by showing under which conditions

11



the following inequality holds

’ (41)

where P{f‘k is the price index of sector k when region ¢ is in autarky, which in this model the standard
“opportunity-cost” definition of comparative advantage introduced by Haberler (see |[Deardorff] (2005) and
French (2017)). We discuss below conditions under which this is also sufficient to predict the patterns of
trade specialization. To obtain tractable equations, we adopt the following assumptions: (i) same technology
across activities k o, = v and 7, = +y; (i) workers are born of type k and can choose where to live, but not
what activity to produce.

Note first that under full trade autarky (i.e., when the regions within Brazil cannot trade), the oppor-
tunity cost ratio in region ¢ is given by

A
Py Cik/Aik
Pfk' Cir [Ai gt

(0%
1—v, v -« i
(wi,k L ) Py Ak

= a
1—vy v 11—«
(wi,k' Ti) P A
(1=7)e
Wik [Aik

-, (1=y)a ’
w, [ Ai

The inequality thus becomes

<wi7k )(1_7)‘1 Aj < <wF,k )O_W)a Ap g (42)
Wy k! Ak WF i/ Apy

s

C.5.1 Prohibitive migration costs

When migration costs are prohibitive, so p;j, — oo for i # j, then the labor market clearing condition for
region ¢ and sector k is given by:

wi,ksi,kL?,k =a(l—7)apXi,

which solving for w; j gives
a(l—7)apX;

Wi | =
' SiJﬁL?,k

)

Note that to obtain this expression, we assume region ¢ is in full autarky. Substituting for wages in , we
show that under prohibitive migration costs, the opportunity-cost definition depends only on productivities
and endowments of knowledge and workers.

(1-7)a (I-7)e
Si,k/L?,k/ v Ai,k’ < SF,k/L(jJ?JC/ R AF,k’ (43)
sikl), Ai g sFRLY Ar g

C.5.2 Free migration

With free migration, j;;, = 1 for ¢ # j. Thus labor market in region i, sector k is given by

§ : 0
Wi,k Si’,kAi/,ikLi/,k = (1 - ’y) akXi.
i/
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Using the migration equations, we obtain

(w; kS k1 %)" 0
w,kz 2 2 S»/)k;L'/ = 1_7 akX
l i’ Eh (wh,ksi/,kpi)” v i’k ( ) i

14n  SHE

witr 2k 0 (1—y)anX;
3 (wn k) =7

and solving for wages, we get
wi=al-7)aX;y  (wnr)" Syl (44)
h

It will be useful to solve for w; j, here, i.e., eliminate wy, j:

1 .
Wik Xi\ T Xp\
= = Wh,k = Wik )

W, & Xy, X

which we use again in to obtain

1— K K
1 1+ o—1 T+r
Wi = & (1—=7) apX; H,k E :Xh
h

Substituting this expression in ([42)), we obtain

Sor (I=7)a Ai Srs (1—7)04A ,
( H,k) K ( F,k) Fk (45)

SH k Aig Srk Ar g

C.6 Regional Comparative Advantage

In this section, we study how migration relates to region i’s export specialization in sector k (relative to
sector k' and region F'). In particular, we study how migration shapes the inequality

Xirk S XFrFk

. 46
Xirk  Xrrp (46)

We then show how the relative opportunity costs in autarky give a sufficient condition for this to hold.
Under the assumptions laid out in the paper, expression is equivalent to

1—y)(1— 1— 1— 1—y)(1— 1—
(wi,k )( Y(A-na (Ai,k’> n (ﬂ‘F,k) n N (wF,k )( Y(A-n)a (AF,k’) n )
Wy, kr Ak TiF k! W i/ Ar
To obtain conditions relating to exogenous forces in the model, we now solve for wages using labor market

clearing. To focus on the sources of comparative advantage related to costs of production, and not of trade,
we set T, pr = Tipk = 1, and simplify equation (47)) to obtain:

<wi’k >(1’Y)(177)a (Ai,k/ > 1-n . (’LUF,k )(17)(1?7)04 (AF,k’ ) 1-n 48)
W Ak WE g Ark

C.6.1 Prohibitive migration costs

When migration costs are prohibitive, so ;;, — oo for i # j, then the labor market clearing condition is

a(l— el —a 1=n -
wi ksik LYy, = (1 —7) Z (wl,(f 7)7"24 P} /Azk) Pl "Xk
J
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where X, is expenditure of region j on goods from k. Solving for w; j gives

1
ay pl—a 1+a(l—v)(n—1)

wik = |a(l—"7) (7P Z il : (49)

1—n 0 1-n
Ai,k Si,kLi,k P;

Jj gk
Substituting equation into , we get
RCICE TG N TFaG =D
(Si,kLi,k) Aik (SF,kprk) Arp g
NeG) > G (50)
(Si,k/LW) A (SF,k/LF,k/) Ap i

C.6.2 Free migration

As will be come clear later, in this section we need to introduce assumptions on land markets. We assume
that either land is not a factor of production, so v = 0, or that land supply is perfectly elastic, so r; = 7;.
With free migration, j;;, = 1 for i # j, and labor market clearing is given by

w"kS'/’kail " _ _ 1-n _
Zwi,k (wirse.i b 21 =5 kLY, Za(l—V)Z(wz;ﬁl VY pl a/Ai,k) P;flem,
7 S (s kP ') j

which we can use to solve for wages in region ¢ and sector k:

1 .
—_onN1=n\ TFrfad— =1 I+rta(l-7)(n—1)
(al =) ("R B S wf ZXj,k
wi7k = T thC 1 . (51)
Ai,k SH.k P

h Jj gk

Use equation , to express wages in i as a function of wages in h, both for sector k:

1
-1 —a\1=M\ TFeta@-—mm-1)
(Azk (ra" Py ") ) o

AL (R

Wh,k = Wi k

)

Under the assumptions of free trade and v = 0, this simplifies to

n—1
Ah k ) T+rta(n—1)
Aik

)

Wh k= Wy (

and the substitute back into to obtain expression for equilibrium wage

1 JER S
1—a\1=n\ TFrTam=1) r(n—1) T+r+ta(n—1)
_(aBT) o (Ang ) D 3 Xjk
Wi | = = E Wik \ 74 Pl =
ik OHk bk i ik

h ’

1

N ) 1+a(n—1)

o P1 @ X

Wi,k = 1(,,,771 ) E 1J kn (52)
Ay SHpAik TPy

n—1
where we define A, , = A 1*”*“(" VIS A et
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Substitute the expression above into to obtain

[( S, Aik )a (Ai,k )} TeTD > K Su pAF K )a (AF,k ﬂ Tel-D (53)
Sh i Ai g Ay Su, i Ar g Ap

With this, we complete the proof for regional comparative advantage.

C.6.3 Relation to the opportunity cost definition of CA

For the case in which migration costs are prohibitive, direct comparison of expressions and shows
that the opportunity-cost formulation is equivalent to free-trade specialization. For the case of free internal
migration, comparison of and gives two results. First, relative opportunity costs in autarky cannot
be translated with a constant elasticity into free-trade specialization. Second, in fact, the predictions for
specialization coming from relative opportunity costs in autarky can be overturned under free migration.

Since the term A; j, captures the degree of competition for workers and how they are apportioned to i relative
A=m)
to the rest of the economy, in the economy as a whole (as measured by ), AZ 1,:’“”("_1) ), the lack of workers

will increase marginal costs under free migration, as to overturn the patterns of specialization.

C.7 Aggregate Comparative Advantage

In this section, we study how migration relates to country H’s export specialization in sector k (relative to
sector k' and region F'). In particular, we study how migration shapes the inequality

XHFk Xrrk

. 54
Xurry  Xrrw (54)

In this section, we focus directly on the case in which land is not a factor of production, or v = 0. Together
with the assumptions laid out in the paper, is equivalent to

]
S (i) Ay

1-—n wa(l—n)Anfl (55)
> (wz'ofk//Ai,k’) Pk AR
where we use again the assumption 7;pr = T =1
C.7.1 Prohibitive migration costs
If we substitute equation (49)) into the (55)), we get
TEeD it TEeD it
a(n— TTatm-T) a(n— TTatn-1)
S (5L AT (sralf) AR
a(n—1) > a(n—1) (56)

n

_an—1) n—1 —1
0 1+a(n—1) Tfa(n—1) 0 1+a(n—1) Tfa(n—1)
> (Si,k’Li,k/) A sFk L g App”

Expression restates inequality in terms of exogenous forces in the model.
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C.7.2 Free migration.

Consider now the case of free labor mobility. In particular, if we substitute equation into the , we
obtain:

a(n—1) a(n—1) —1
IS 1+a(n 1) Z A1+u(7] I)Al+u(1] 1) Sl+u(7} 1)A1+u(7} 1)
H,k
(SH W > a(n—1) a(n 1) n—1

TFo(n—1) 1+a<n 0 Tfa(n—1) g Tta(n—1)
Z ‘Az k' Az Kk’ SF k' AF k'

A Sufficient Statistic for the Impact of Migration
In this Section we provide a proof for the propositions in Section [4.4] of the paper.

C.8 The impact on the regional direction of trade

We seek to understand the impact of changes in migration costs on the direction of trade

Xirg/Xiri
Xrrk/Xrrl

Using our model, changes in the direction of trade respond to changes in wages

XiF,k//\XiF,l B wl m=7a iy (1 mMA-7)e

27

XFF,k/XFF,l o w;}kn)(l v) /wgl n(1-y)a’

Applying hat algebra to equation we obtain:

(1-y)a(1-n) s P
——1+Kr—(1—7v)a(l—n ik~ 1
Wy Eiik Sixlii |+

N 2 X (siawie )" (pa 1 Pir) "

——1+r—(1-v)a(l-n) E:
Wi, k gjzk
22

r}*P%r h
oz(l—w) 51,7]6 [(HJ> XF,k

K n —K
sTebi " Hjik

i (Sj)lwz‘//J) (Mji"7lPi”)

—sielji| =

and evaluated at p;;, — oo for i # j, yields

1
_ TFefal-—"m-1

_ . — 1
payd=m) ik

-1
Wik = i, —
' ' D00 2 (siqwir )" (pairr 1 Pirr) ”]

Thus, the change in export specialization is given by

_ . A-m-9)
Kirk/ Xirt o e ety
i1,k 11,1 .
Xrrk/Xrr,
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C.9 The impact on the aggregate direction of trade

The Change ln ‘he aggrega(e direC‘iOn Of ‘rade iS7 When ’y == 0:
N (1—7)) N (1— )
[0 W 7l n)ox

Xurw/Xary  Dicn SikWiy,
e X e

X X - )
FRk/XFF ZiEH Sz,k’wi,l Fk

where S; i, is region i's share in country H's total exports of sector k to country F, in the baseline scenario.

Start by computing changes in welfare as p;;, — 00:
2 = <Z gukwfk> ;
k

where g“k/ = Nijk/ g i,k -Substituting Z, in equation 1) we obtain

1
THFrfa(n—1)
. -1 5
Wik =& E:gii”fwf,k .
2

5
)

Noting that
1
s { gl.“ }1+n+a(lv)(nl>
W; 1 Eiik
We can rewrite the changes in wages of sector k region 7 as

~ ~ 1
A - TFrta(n—1
. — Eiie + Dy, i 05 [0, o=
Wi ) = v : :

w,
i,k
Eiik
1
TFrta(m—1)

—1 o c TmTali o=
wlitiixn(n—)l) B 5“,,k N &,i,l {&‘i,l }1+n+o¢(l N (n—1)
o -
¢ Eiik Eiie &k

£k

Finally, if we assume that there are no within region distortions to the allocation of labor, nor heterogeneity

1
5 TFrfa(n—1)
. Eii '
Wik = | = .
Ei

Evaluating it in the aggregate bilateral specialization:

across workers, this becomes:

éii

i1

™

1—n

_ TFrta(n=1)
Xurk/XHF] Yien ik ( )

) TFrta(n—1)

Xrrk/Xrr
Yicn Sik ( Lu

i1

o

D The Gains from Trade

This Section contains the proofs to the Propositions in Section[7]of the paper. In what follows, we set v = 0,

Vk. Proof of Proposition 2
Let W; denote the real wage in region i, W; = w;/P;. Inverting the domestic trade share, we obtain:

1
a(l—mn)

1
_ x
W=} Af,
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which implies the following changes in real wages in response in changes to fundamentals:

W, = (mz)”“ AP

Q‘H
—
(@)
(0]
~—

Likewise, the implied changes to expected welfare are

1/k

2 = Z)\ij (Wﬁzﬂfjl)m ) (59)
J

where \;; are observed migration shares.

We introduce the following notation to indicate four scenarios: (i) B is our baseline with observed trade
costs and migration costs, (ii) B,A is the scenario in which, starting from B, we take region i to full trade
autarky, (iii) N is the scenario in which, starting from B, we take region 4 to full migration autarky, and (iv)
N, A corresponds to the scenario in which, starting from N, we take region i to full trade autarky.

D.1 Proof of Proposition 2

Observing that 7 AB%B A= =, 1 i.e., the inverse of the observed trade shares, direct substitution of 1) in
yields
69 o
—‘BHB A Z)\”ﬂ_au ) , (60)

which completes the proof.

D.2 Proof of Proposition 3

Start by noting that we can write the welfare change from going to autarky, starting from no migration,
N — N, A as

—SN,A __ =4

(11>

=i

=NA sENy Tt
=S (Jg) . (61)

=1 =1

We obtain expressions for each of the terms in the last equation.
Applying the same reasoning that led to equation , we obtain

=N\ ! A=A
= T, K
7 — by 11
<:B> " (TrB> ’
=i i

noting that 72 is not observed and that 7% is simply data. Likewise, we obtain:

1
—N,A N,A\ a(-o) )
= Tig B\ ae=D)
B = i B = Xii (737) .

i
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Substituting the last two expressions in equation we obtain

N [
a(l—o a(l—0o
ﬁN—)N,A_(1> " )<7Tm:> t=
=i = B N
i i
1
1 a(1—0)
T

where the last line defines 7; = (Wf/ﬂﬁ)va(lw) :
To obtain the result, rewrite equation

1/k
EP2BA = Ny (aB) T 4 > i (nB)7@D
J#i
and use to substitute for 71'5
1/k
PP = A (BN N (=) (63)
J#i

D.3 The Multisector Model

The key difficulty in the multi-sector case is that changes trade shares are no longer sufficient statistics for
changes in real wages induced by changes in trade costs. Nevertheless, with CES preferences across activities
and an elasticity of substitution different from one, one can use changes in observed expenditure shares to
proceed.

D.3.1 Gains from Trade

Note first that we can rewrite trade shares as a function of real wages and expenditure shares

17
(057 1—(Xk n
- <wi,kpi [Aik
ik = | ——F
’ P

Qg 1—-n
N Wik P P,
=
e Air Pig Py

ak 1 1 1-n
i,k — )
Air \ ik by

l-oy4
S — an [ Eik
ik = Qik P
7.9

Pi 1—0o
Si,g = bg (P;g)

We begin by computing the GFT starting from the baseline and going to full trade autarky. Noting that

where we use

1 1 1 1
an(=n) Ao e o (i=es
Wik =755 " Aik (Sig)oxl=70) (8, 4) k0=,
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we can compute changes in real wages, Wi,k, and substitute them into the change in expected welfare
~B—B,A .
o 1/k

1 1 r
2ZB—B,A _ akm—l) ak(lfag) TSR]
H, E E Aijk ( S Si's

D.3.2 GFT Comparison to the Migration Autarky Scenario

Our goal now is to compare the gains from trade in our baseline scenario to one in which there is no migration.
Unfortunately, an exact decomposition such as the one in Proposition 3 is not available. However, we will
show that one can cleanly separate the gains arising from migration opportunities, as before.

First, we will see show how real wage changes determine the welfare change going to autarky in a no
migration scenario. As before, note that we can decompose the welfare change as

=N,A /=N T
ANSNA _ S (_i )

= =B

=
1 =B
Ky

=1 i

The first and second terms are given by:

K < 1/k
N,A\ F ai=m _ N,A\ ai=o)
) k n ap(l-0o ] k
Z N Sik 1 Sz g ) “FCoa) 5,8
% Sik sk Si,Sk Si,S
and
Ny -1 N\" /. N \axt=n [oN \ an(i=en) [ QN d=r\ "
— - ap(l=—n ap(l—0o apll—0c
<_i > _ Z}\ Sik Tii k Sisr | ) (57
=B - ij,k B B B B
=i & Sik ik Si,Sk Sz',s

Putting them together, we obtain

N 1\ sasw sfé',‘; ar(i=oa) (SN A\ @k=)
. Z’f i,k TrB, SB
~AN—N,A i, sz i,S

: S aa=m (SNg,\ ar(i=oa) EeEn)
ke Atk w5 SPs Sz‘[,gs

Aii i e ap(1=m) SN, ap(i-oa) SNy ap(l=0)
it, Tk SPsy 5P
Z A (Wﬁk)m (S,f\.[Sk)ak(l’iaA) (Sf"s>ak(ﬁa)
il . , X
1 Mg, 7,—5 SB SiBS

i,Sk s

K
ﬂ-iBi,k ’LSk‘,
ik = ~

S
<7T'i'i,k)ak(1 ) ( LSk)rxk(l oA) (S’ )(vk(l—a)
Wﬁ,k S7sk SzBs

we can rewrite the welfare change as

1/k

Letting

and

1/k
ﬁN—)NA
— E Pi, kgzk

Thus {p; i, &k} and & fully determine éi
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Note that we can write the baseline domestic trade share as

(rB ) ™0 = Sikop

i, i,k
Pi.k
Finally, we can rewrite EfﬂB’A to separate migration opportunities from the components that determine
AN—N,A
’ ~B—B,A
Now we compute =; SO
B Y S ok K 1/k
aRp(d—m) B,A\ a,(1-« AN ap=o)
~B—B,A _ ZZA'% < 1 ) (‘%‘,Sk) k(1=o4) (Sj,S
i o k| B oB B
ik 7] Sisk Sis
B [ S K
ik SBéé ap(1-04) SBéA ag(1—0o)
= > Nix=Tik S]B! 5{;9
k pl,k} j,Sk‘ ],S
1/k
1 C‘k(?*a) S'B:s'i ak(fiaA) SBéA ﬁ
.. J> 75
+ E E Aijk B SB B . (64)
j#i k 33 3,5k 3.8

contribution of migration opportunities

Note that this decomposition is analogous to which forms the basis of Proposition 3.
In calculating the contribution of migration opportunities to the GFT in the multi-sector model, we rely
on equation [64]

E Calibration Detalils

This section describes the algorithm that we set up for the calibration of the model. The algorithm can be
divided in two steps. In the first step, we calibrate the exogenous parameters related to the goods market
equilibrium using data on gross output by sector and region, total exports and imports of Brazil to the rest of
the world, and the share of domestic trade of states in Brazil. In the second step, we calibrate the exogenous
parameters related to workers’ migration using data on migration flows between states and activities and
the share of workers living in their region of birth. To simplify notation, we drop time indexes whenever
unnecessary for our exposition. In what follows, we denote Brazil as Home and the rest of the world as
Foreign.

E.1 Parameters in the calibration algorithm

We begin by discussing a few aspects of the identification of the parameters in our calibration procedure
that are important for understanding the algorithm.

Migration costs. We parametrize our matrix of migration costs using a hub-spoke structure (see
Ramondo, Rodriguez-Clare, and Saborio-Rodriguez (2016)). In particular, for all regions within a state,
workers have to pass through a common location to migrate to other states. This structure allows us
aggregate our regional level migration flows to estimate the symmetric component of our migration costs
using equation at the aggregate level of states. To see this, write migration cost as pi;jr = fesfbifljlhss’ k-
With this assumption, migration flows become:

(wj,ksi,k-/Pstsﬂi.uj,uss’,k)ﬁLl
= v

K3

Lijr =
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Let Lgg = ZiEs ZjEs, L;; 1 be the aggregate flow of workers from state s to state and activity s’ and k.
Summing the expression above over origins in state s and destinations in state s’ gives

Loy s = Z Z w] kSi k/Pt,us’sﬂz,uj,uss’ k) L;.

i€s jEs’ l

Straightforward manipulations give

log Lss’,k = Ok + Qs | — HlOg Hss' — Hlog Mss! Ky

where o p = 3, (S’;# and agp = 30 (Wi /Pipy)"

Prices and natural advantages. We calibrate natural advantages (4;;) using data on gross
output per region and activity. The intuition for the calibration of natural advantages is the same as the one
described in detail in|Allen and Arkolakis| (2014)): if two regions have the same distance to other markets, but
the model predicts that one region sells more than the other in a given activity, this difference is attributed
to differences in natural advantages. In practice, we first search for prices p; 1, which has a direct relationship
with natural advantages (A4; ) given that p; x = ¢;j x/A; &, where ¢; i is the unit cost of production and A;
is the absolute advantage. With calibrated values for p; x, in the end of our algorithm, we can construct c;
using model-implied values of w; i, r; and P; and recover A; .

Trade costs and international trade. We calibrate trade costs 7, and relative productivities
between Home and Foreign as to exactly match trade shares between Home and Foreign in the absence of
trade deficits. We illustrate this point using a simple 2 by 2 case (without internal geography). The system
of equations defining trade shares is given by

Xk _ (pH,k)l_o

XH .k (pr)" "7 + (mhprp)
Xurk _ (Tka,zc)l_U
Xok  (pup)' ™"+ (Tka k)7
Xrrk _ (pH, )

XFk (pH,k) (Tkak)
Xbnk _ (PH, )

XH.k (pH k) (Tkak)

where X ;1 is the trade flow of country j to j/ and X is the total consumption of country j. We have
four equations and three variables (pg i, pri and 7). Two of these equations are dependent and, therefore,
satisfying 2 out of the four equations of this system provides a perfect match of the model with the data.
We therefore use such equations to recover trade costs 7, and relative prices py i/prk. Noticed that we
do not have any degree of freedom left to calibrate an asymmetric trade cost in the example given above.
Alternatively, we could assume that prices are the same across countries py r = pr, but that trade costs
are asymmetric.

E.2 Calibration algorithm

Our algorithm calibrates preference shifters (apy k: and ap ki), productivities (A; g and b; x;), migration costs
(12, pissr it ), trade costs (07, 6; and &;5 ), taking the following parameters as given: preference parameters (o
and og), production technology parameters (ag, vk, p and ), worker heterogeneity (5 and k), the elasticity
of migration cost with respect to distance (u') and the symmetric component of migration costs between
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states (iss,t). As described below, our algorithm consists of three major. In what follows, we drop index ¢
to save on notation unless necessary.

Step 1: Trade equilibrium. In the first step of our calibration, we search for values of prices (p; ),
preference shifters (ay k: and ap ), international trade costs (d), the level of domestic trade costs (6") and
the elasticity of trade cost with respect to distance (6') such that different moments of the data, detailed
below, are consistent with a goods market equilibrium in the model. Our calibration requires measures of
expenditure X; by region, which we construct by summing the gross output across activities and distributing
Brazil’s trade deficit across regions proportionally to X jﬂ

We define p; i = Pjxpu .k, where pyy is the average price of goods in Home and ZjeHﬁj,k =1,
use superscripts g for guessed values and let T be model-implied value for observed value x. Using these
definitions, the algorithm consists of the following steps:

1. Guess values for ((50)9 and (61)g

2. Guess values for (p;x)?, (bjx)?, (amk)? and (apy)?

3. Guess values for (6;)? and (pp i)’

4. Compute 7;;;, using the guesses of (50)9, (61)9 and (0 )Y
5. Compute prices pj k, Pjr, Pjs and P;

6. Compute model-implied trade flows )/(\'Hpk and )?FH,;C, revenues ?F,k; ?H’m and }/}Jk and share of
trade between states within Home ), > Xos 1/ > ) Xtk

7. Compute the differences between model-implied trade flows X mFk and X rH,k With data Xgp and
Xrm. If the differences are smaller than a tolerance level, move to next step, otherwise, generate
new values for (J;)? and (pg k)’ with an updating rule and return to step 3

8. Compute the differences between model-implied revenues ?F ks ?H , and EAG r with data Yp, Yg 1, and
Y; . If the differences are smaller than a tolerance level, move to the next step, otherwise, generate
new values for (pj )Y, (bjx)? and (a;jx)? using an updating rule and return to step 3.

9. Compute the difference between model-implied »7, >~ 2)}7” and data ), > %, as well
» XHH,k ,

as the difference between the model-implied elasticity of trade with respect to distance and the cor-
responding elasticity in the data. If the differences are smaller than a tolerance level, finish the
calibration. Otherwise, generate new values for (50)g and ((51)g using an updating rule and return to
step 1

Step 2: Migration equilibrium In the second step of our calibration, we search for values of
migration costs (po), migration shocks (fiss k), land intensity 7y such that different moments of the data are
consistent with workers migration choices in the model. We use the price index of every region generated in
the previous calibration step and construct the supply of efficiency labor in every origin region F; ) using
Sikt = Ly if Ligi—1 > 0 and s; ¢ = min{L}, } if Lj -1 = 0.

The steps for the calibration of migration costs are as follows:

1. Guess values for (uo)? and (fiss x)?

2. Compute jiss ) using the guesses of (uo)? and (fiss x)?

51Tn the exercises in which we study the gains from trade, we move the economy to autarky. To avoid
endogeneizing the deficits or keeping them constant when there is no trade (or more generally, taking a
stance on how they change in our counterfactuals), we set deficits to zero in all simulations of our model.
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3. Guess values of ()’
4. Guess values of (w;)? and (r;)?

5. Compute real income in each region using w? . and P;

6. Compute model-implied migration Essf,k and Z“-, efficiency labor Eﬂk, land use H ; and cost share of
labor in Home

7. Compute predicted demand for efficiency labor ENC and for land H j

8. Compute the differences between model-implied Ej’k and H ; and Ej ;. and Hj. If the differences are
smaller than a tolerance level, move to the next step, otherwise, generate new values for (w;)? and
(r;)? using an updating rule and return to step 5.

9. Compute the difference between model-implied aggregate cost share of labor in Home and the differ-
ence with the data. If the difference is smaller than a tolerance level, move to the next step, otherwise,
generate new values for (1) using an updating rule and return to step 3.

10. Compute the differences between Essgk and the average of Em‘ in Home and their corresponding values
in the data. If the differences are smaller than a tolerance level, move to the next step, otherwise,
generate new values for (up)? and (fiss k)Y using an updating rule and return to step 1

Step 3: Natural advantages and land supply productivity

Once with values for model-implied wages (w, ), land rents (r;) and price indexes (P;), we can construct
the unit cost of production ¢; x; and recover the natural advantage of a region from A;; = ¢; /A, . For the

land supply, we recover land productivity using b;; = (ngyt/rjﬁt)l/g (ijt)(cfl)/c.

E.3 Additional analyses of migration costs

To validate our migration costs, we proceed with two exercises. First, we compare the migration costs
estimated in our regressions to a common approach used by the literature, which is based on the Head
and Ries index. Specifically, to quantify migration costs between the west and the east in our model, we
estimated equation [16] and recovered ps + from the fixed costs. An alternative approach is to disregard the
sector dimension of the data, aggregate up all the migration fluxes to the state level, and compute the Head
and Ries index given by:

_ 1
Lss’,t x Ls’s,t) 2

HRaste = (L L
ss,t s's!,t

Figure Panel (a) compares the Head and Ries indexes with the migration costs estimated in our re-
gressions. It shows that the results that we obtain are similar to the ones that would be obtained using a
common approach used in the literature.

As a second validity check, we check the correlation of migration costs with respect to distance. Figure
A.4| Panel (b) shows that migration costs increase with distance. As expected, this relationship is stronger
for 1950, when we expect these costs to be larger. Noticed that there is nothing in our calibration that forces
the relationship between migration costs and distance to be positive.

F Quantitative Drivers of International GFT

In Section [7.3] we discussed the impact of limiting East-West migration on the international gains from
trade. Here, we report additional details related to the discussion in that section.

Figure presents a few relationships that guide our inspection of the sources of changes in the GFT.
In Section [7:2] we argue that the full gains from trade can be broken down into two terms, one of them
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capturing the role of migration opportunities. Panel (a) shows that the role of migration opportunities
is negatively correlated with the share of workers migrating between the East and the West. Panels (b)
show that changes in the comparative-advantage GFT and changes in the international gains from trade are
positively correlated.

Figure investigates the relationships between wages, employment and trade. Panel (a) shows that
agricultural wages (relative to manufacturing) increase substantially when we limit migration, up to 60
percent in some regions, which induces Western workers to sort into agriculture. In the East, agricultural
wages drop only drop modestly. As a consequence, there is a striking increase in the share of manufacturing
in total exports in the West (as shown in Panel (d)).
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G Additional Figures and Tables

Figure A.1: Federal Government Propaganda about the March to the West, 1940s

L

* O VERDADEIRO SENTIDO
‘Wt DE BRASILIDADE E" A
% MARCHA PARA O OESTE

Notes: Poster features Getulio Vargas, (president 1930-1945 and 1951-1954). The quote in the bottom
translates to “The true meaning of Brazilianness is the March to the West”. This quote comes from one
of his famous speeches, later named the “The speech at midnight” (“O discurso da meia noite”) given at
midnight on December 31st 1937 from Guanabara Palace - Getulio’s official residence - and transmitted via

the national radio (Vargas, [1938)).
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Figure A.2: Share of Migrants from the East in the West by State of Origin in the East
(2010)

[ 1980
M. 2010
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Notes: This figure shows the share of workers living in the West who were born in each of the states of the
East in 1980 and in 2010.

Figure A.3: Local Polynomial Regressions of the Influence of the Region of Origin on Crop
Choice and Income of Farmers in their Destination Region

(a) Farmers in destination, residualized (b) Income in destination, residualized

Notes: To construct this figure, we first absorb destination-crop-year fixed effects from dependent and

independent variables of interest in equations [2] and Using the residuals from these variables, we run a
non-parametric regression using a local polynomial smooth.
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Figure A.4: Correlation between Migration Cost (Head and Ries) and Regression Based

Log of HR index

2 4
Log of migration cost (symmetric component)

Notes: Panel (a) plots on the y-axis our estimates of migration cost when we aggregate the migration flow
level to the state level and apply the Head and Ries formula using x = 2 and on the x-axis our estimates of
migration costs based on the state to state-activity regressions given by The red line represents the 45

degree line.
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Figure A.5: Calibrated Wedges: Productivities Relative to Foreign I

(a) Services (b) Manufacturing
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Notes: The figure plots calibrated values of exogenous productivity, A; k, in each region relative to that of
Foreign, in a given year.
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Figure A.6: Calibrated Wedges: Productivities Relative to Foreign II
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Notes: The figure plots calibrated values of exogenous productivity, A; y, in each region relative to that of
Foreign, in a given year.
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Figure A.7: Calibrated Wedges: Land Production

(a) Land Production Productivity relative to Foreign
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Notes: Panel (a) plots calibrated values of exogenous land production productivity, g;, in each region relative
to that of Foreign, in a given year. Panel (b) plots the observed land to labor ratio in each region relative

to that of Foreign.
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Figure A.8: Counterfactual Changes for 1980

(a) Regional, 1980
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Figure A.9: Comparative Advantage, Migration, and the Losses from Autarky, 1980
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Notes: All simulations are for 1980 and each observation is a region. Panel (a) shows the welfare losses from
letting each region go to full trade autarky. Panel (B$ The horizontal axis the fraction of workers leaving
that region in the baseline simulation. The vertical axis measures the ratio of the welfare cost that results
solely from migration opportunities (i.e. setting the domestic contribution to zero) to the total costs. Panel
(c): See description for Panel (b). Panel (d): The vertical axis plots the ratio of the losses from autarky



Figure A.10: Knowledge as a function of Employment Shares

(a) Regional, 2010
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Figure A.11: Mechanisms and Changes in the Gains from Trade

(a) Migration Opportunities (b) Multisectoral Gains vs GFT
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Notes: All simulations are for 2010 and each observation is a region. This panel reports the impact of
limiting East-West migration. Panel (a) shows on the x-axis the share of migrants in each region migrating
between the East and the West and on the y-axis changes in the contribution of migration opportunities
(correlation = -0.51). Panel (b) shows, on the y-axis, changes in the international GFT and, on the x-axis,
changes in the ratio of the losses from autarky computed using the formula for one sector relative to the one
computed using the multisectoral formula (correlation = 0.51).
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Figure A.12: The Impact of the March on Real Wages, Employment and Exports
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Notes: All simulations are for 2010. This panel reports the impact of limiting East-West migration. In
panels (a) and (b), each observation is a pair of agricultural activity and region. In panels (c) and (d), each
observation is a region. Panel (a) shows changes in agricultural wages relative to manufacturing between
the counterfactual economy and the baseline one on the y-axis and the log of wages in agricultural activities
relative to manufacturing on the x-axis. Panel (b) shows changes in labor employment in agricultural
activities relative to manufacturing on the y-axis and the log of wages in agricultural activities relative to
manufacturing on the x-axis. Panel (c¢) shows changes in the international GFT on the y-axis and changes in
foreign exports relative to total sales on the x-axis (correlation = 0.56). Panel (d) shows changes in foreign
exports relative to total sales on the y-axis and changes in the share of manufacturing in total exports in
the x-axis (correlation = -0.83).
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Table A.1: Evolution of Revealed Comparative Advantage

Brazil East West,
1950 1980 2010 2010 2010
H 2 B (4) (5)
banana 1.92 1.29 0.36 4311895  0.00
cacao 17.08 14.98 1.26 1.510356  0.01
coffee 35.42 17.58 15.34 18.33445 0.29
corn 1.53 0.34 6.70 2.225637 29.22
cotton 296 0.50 5.72 3.928018 14.76
livestock 2.43 3.17  9.53 5.946161 27.59
rice 0.59 0.27 1.35 1.59304 0.15
soy 0.00 15.33 22.56 15.13771 59.96
sugarcane 3.35  6.08 29.03 33.20753  7.97
tobacco 1.48 4.07 6.37 7.631408 0.00
rest of agriculture 0.71 1.66  1.69 1.772277  1.30
agriculture 3.37  3.771 447 4.062038 6.55
manufacturing 0.27 0.63 0.73 7644398  0.57
Notes: This table shows the evolution of revealed comparative advantage as measured by the Balassa index:
Xin/ Do Xik
ROA:x = Zz Xi,k/ Zz Zk XiJ@7
where X, j, are exports from country ¢ in activity k.
Table A.2: Aggregate Summary Statistics
1950 1960 1970 1980 1990 2000 2010
O N ©) N ¢ N © M O N
a. Migration
- East to East 0.874 0.845 0.825 0.759 0.735 0.719  0.687
- East to West 0.085  0.105  0.137  0.191  0.205 0.205 0.218
- East to West + West to East  0.107  0.129  0.152  0.212  0.229 0.235 0.255
- West to East 0.022 0.023 0.015 0.021 0.024 0.030 0.038
- West to West 0.019 0.026 0.024 0.029 0.036 0.046  0.058
b. Economic Aggregates
- Brazil’s GDP 1.000 1.000 1.000 1.000 1.000 1.000  1.000
- Exports 0.071  0.065  0.067 0.080 0.095 0.107 0.117
- Imports 0.071  0.068 0.075 0.093 0.069 0.122 0.125
- World’s GDP 99.415 94.235 68.613 43.943 50.187 51.973 31.772

Notes: Panel (a) shows different the share of different categories of migrants. We define migration based
on a workers state of living and state of birth. It shows that East to West migration accounted for 8 percent

of all interstate migrants in 1950. Panel (b) presents values normalized by Brazil’s GDP in a given year.
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Table A.3: Summary Statistics by Activity (in percentages)

Percentage within Agriculture

w o
% ;5 ?é) < —5 % e}
2 § “5‘ % g 8 ] 5 % % %
H @ B @ 6 6 @ (@ (O (310 (11) (12) 13) (14)
a. Value Added
-1950 535 21.6 248 277 13 13 160 73 69 273 68 02 4.1 1.0
-1980 56.5 33.8 9.7 242 16 23 71 99 28 273 71 92 72 1.2
-2010 74.0 21.0 5.0 228 24 06 6.5 73 1.7 259 3.8 157 105 2.7
b. Workers
-1950 653 7.5 272 315 0.8 0.8 16.2 100 3.7 270 52 0.1 3.7 0.8
-1980 68.8 14.0 173 206 0.7 1.9 80 140 6.1 270 11.3 39 47 1.8
-2010 845 75 80 278 13 12 123 76 0.1 277 29 3.0 130 3.1
c. Exports from Brazil to the ROW
-1950 0.0 20.2 79.8 13.7 05 9.0 592 13 62 22 04 00 57 18
-1980 0.0 55.6 444 282 02 86 239 05 05 35 02 214 9.0 4.1
-2010 0.0 68.0 320 284 0.1 04 &80 39 18 69 06 294 16.1 4.4
d. Imports of Brazil from the ROW
-1950 0.0 829 171 994 00 00 00 05 00 00 00 00 00 0.0
-1980 0.0 90.1 99 737 00 00 19 &80 01 42 45 76 00 0.1
-2010 00 954 46 879 00 22 03 16 12 21 33 08 00 06

Notes: This table shows the distribution of economic activity that we match in our calibrated model.
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Table A.4: The Relationship between Farmers’ Choices and Earning and their Region of Origin (OLS - Robustness)

Geographic Unit Meso Meso Meso Meso Meso Micro Meso Meso
Lag (years) 30 20 10 20 10 30 30 30
(1) (2) (3) (4) (5) (6) (7) (8)

a. Farmers in destination (logs)

Farmers in origin ~ 0.075***  0.086*** (0.099*%** (0.097*** (0.112*%** 0.072*** 0.076*** 0.081***
(0.014)  (0.011)  (0.012)  (0.008)  (0.006)  (0.013)  (0.014)  (0.010)

R? 0.751 0.738 0.738 0.771 0.779 0.775 0.752 0.759

Obs 7375 8443 8393 14449 24604 15437 7375 9597

b: Income (logs)

Farmers in origin 0.023** 0.016 0.023** 0.003  0.013***  0.023* 0.026**  0.024***
(0.010)  (0.010)  (0.010)  (0.007)  (0.004)  (0.012)  (0.010)  (0.008)

R? 0.702 0.677 0.682 0.664 0.659 0.730 0.729 0.688

Obs 6794 7727 7685 13639 23529 14132 6794 8844

c. Farmers in destination (logs) - Above Q1

Farmers in origin ~ 0.101%%%  0.144*%%*  0.166*** 0.140*** 0.167*** 0.097*** (0.098*** (.085***
(0.022) (0.018) (0.019) (0.014) (0.010) (0.021) (0.023) (0.017)

R? 0.774 0.770 0.774 0.800 0.811 0.791 0.778 0.779

Obs 5609 6422 6395 10942 18614 11787 5478 7271

b: Income (logs) - Above Q1
Farmers in origin 0.047*#F%  0.051%%%  0.051%%*  0.039*%** 0.023***  0.037*  0.051*** (.039***
(0.016)  (0.017)  (0.016)  (0.013)  (0.008)  (0.019)  (0.018)  (0.013)

R? 0.729 0.704 0.712 0.687 0.682 0.746 0.760 0.715
Obs 5180 5903 5883 10365 17860 10872 5056 6712
Dest-Act-Year FE Y Y Y Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y Y Y Y Y
SES Y

Years: 2000-2010 Y Y Y Y Y Y
Years: 1990-2010 Y

Years: 1980-2010 Y

Age: 30-60 Y Y Y Y Y Y Y Y
Age: 20-

Notes: * / ** / * denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at the destination-crop-year level in parenthesis. This table shows
results using several alternative specifications relative to our main results in the paper using OLS. Our sample exclude non-migrants.
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Table A.5: The Relationship between Farmers’ Choices and Earning and their Region of Origin (PPML - Robustness)

Geographic Unit Meso Meso Meso Meso Meso Micro Meso Meso
Lag (years) 30 20 10 20 10 30 30 30
(1) (2) (3) (4) (5) (6) (7) (8)
a. Farmers in destination (logs)
Farmers in origin ~ 0.120%**  0.129%*%*%  (.148%%F  (0.147%F*  0.168%**  0.074***  0.121***  (.129%**
(0.013)  (0.011)  (0.012)  (0.009)  (0.007)  (0.012)  (0.013)  (0.011)
Obs 7375 8443 8393 14449 24604 15437 7375 9597

b: Income (logs)

Farmers in origin 0.045%%*  0.043*** 0.036***  0.019* 0.001 0.029*%  0.044***  0.023*
(0.012)  (0.013)  (0.012)  (0.010)  (0.009)  (0.016)  (0.012)  (0.013)

Obs 6794 7727 7685 13639 23529 14132 6794 8844

c. Farmers in destination (logs) - Above Q1

Farmers in origin 0.131%%%  0.182%**  (.186***  0.181*** 0.215%** 0.104%*F* 0.114%%* (.133%**
(0.023)  (0.017)  (0.019)  (0.013)  (0.010)  (0.019)  (0.022)  (0.017)

Obs 5609 6422 6395 10942 18614 11787 5478 7271

b: Income (logs) - Above Q1
Farmers in origin 0.083**F*  0.081***  0.059***  0.055%** 0.004 0.042%F  0.082***  (.044***
(0.020)  (0.019)  (0.017)  (0.016)  (0.020)  (0.018)  (0.022)  (0.017)

Obs 5180 5903 5883 10365 17860 10872 5056 6712
Dest-Act-Year FE Y Y Y Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y Y Y Y Y
SES Y

Years: 2000-2010 Y Y Y Y Y Y
Years: 1990-2010 Y

Years: 1980-2010 Y

Age: 30-60 Y Y Y Y Y Y Y Y
Age: 20-

Notes: * / ** / * denotes significance at the 10 /5 / 1 percent level. Standard errors clustered at the destination-crop-year level in parenthesis. This
table shows results using several alternative specifications relative to our main results in the paper using PPML. Our sample exclude non-migrants.
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Table A.6: The Relationship between Farmers’ Income and their Region of Origin (Individual
Level Regressions)

OLS OLS OLS PPML PPML
(1) (2) (3) (4) ()
a. Income (logs)

Farmers in origin 0.006  0.014%* 0.043%** (0.045%%F (.082%**
(0.004) (0.006)  (0.013)  (0.010)  (0.019)
R? 0.257  0.386 0.389 - -
Obs 18913 18913 13841 18913 13841
b. Income (logs) - SES controls
Farmers in origin 0.006*  0.012**  0.033**  (0.038*** (0.070***
(0.003) (0.006)  (0.013)  (0.010)  (0.020)
R? 0.366  0.460 0.459 - -
Obs 18913 18913 13841 18913 13841
c. Income (logs) - Controls for previous migration
Farmers in origin 0.006*  0.012**  0.033**  (0.038*** (0.070***
(0.003) (0.006)  (0.013) (0.010) (0.020)
R? 0.366  0.460 0.459 - -
Obs 18913 18913 13841 18913 13841
d. Income (logs) - Migrants from state of birth
Farmers in origin 0.009 0.005  0.047%FF (0.033%F*  (.087***
(0.005) (0.008)  (0.017) (0.012) (0.022)

R? 0.280  0.411 0.410 - -
Obs 11964 11964 9340 11964 9340
Dest-Act-Year FE Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y
Above Q1 Y Y

Notes: See table 2 for a description of columns. This table shows results using individual level data. Our
sample excludes non-migrants.
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Table A.7: The Relationship between Farmers’ Choices and Income and their Region of
Origin - State Level Regressions

OLS OLS OLS PPML PPML PPML
N ¢ N ¢ N ¢ N ) R
a. Farmers in destination (logs)
Farmers in origin ~ 0.289***  0.157*** 0.210%** 0.210%%* 0.236*** (.213***
(0.017)  (0.015)  (0.021)  (0.019)  (0.017)  (0.018)
R? 0.462 0.849 0.883 - - -
Obs 2750 2750 2018 2750 2018 7948
b: Income (logs)
Farmers in origin ~ 0.061*** 0.032***  (0.033**  0.032**  0.039** -
(0.008)  (0.009)  (0.014)  (0.013)  (0.018) .

R? 0.361 0.612 0.639 - - -
Obs 2573 2573 1900 2573 1900
Dest-Act-Year FE Y Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y Y
Above Q1 Y Y

Include zeros Y

Notes: * / ** / *** denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at
the destination-crop-year level in parenthesis. This table replicates our main table in Panels a and b using
state-level variation. Farmers in origin is defined by the state of birth. Here we include only 2000 and 2010,
which are the years included in our main analysis.

Table A.8: The Relationship between Farmers’ Choices and Income and their Region of
Origin - State Level Regressions - All Years

OLS OLS OLS PPML PPML PPML
N ¢ N ¢ N ¢ R ¢ R
a. Farmers in destination (logs)
Farmers in origin ~ 0.247*** 0.109*** 0.117%%%  0.180*%** 0.161*** (.182%**
(0.012) (0.009)  (0.014) (0.018)  (0.021) (0.018)
R? 0.432 0.866 0.893 - - -
Obs 6439 6439 4724 6439 4724 17255
b: Income (logs)
Farmers in origin ~ 0.046***  0.021*** 0.020%**  0.017**  0.021** -
(0.004)  (0.005)  (0.007)  (0.006)  (0.008) ;

R2 0.405 0.621 0.661 - - -
Obs 6211 6211 4575 6211 4575
Dest-Act-Year FE Y Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y Y
Above Q1 Y Y

Include zeros Y

Notes: * / ** / *** denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at
the destination-crop-year level in parenthesis. This table replicates our main table in Panels a and b using
state-level variation. Farmers in origin is defined by the state of birth. Here we include 1980, 1990, 2000
and 2010, which are the years with available data.
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Table A.9: The Relationship between Farmers’ Choices and Income and their Region of
Origin with Controls for previous Migration

OLS OLS OLS PPML PPML
0 @ ) @ )
a. Farmers in destination (logs)
Farmers in origin ~ 0.074*** 0.075***  0.096*** 0.120%** (.118%**
(0.007) (0.014) (0.024) (0.013) (0.023)
R? 0.183 0.751 0.775 - -
Obs 7375 7375 5478 7375 5478
b. Income (logs)
Farmers in origin ~ 0.016***  0.023**  0.076*** 0.045%%* 0.076%**
(0.005) (0.010) (0.019) (0.012) (0.019)
R? 0.342 0.702 - - -
Obs 6794 6794 5056 6794 5056
c. Farmers in destination (logs) - Controls for previous migration
Farmers in origin ~ 0.066***  0.074*** 0.097*** 0.120%** 0.119***
(0.007) (0.013) (0.024) (0.013) (0.022)
R? 0.192 0.751 0.776 - -
Obs 7375 7375 5478 7375 5478
d. Income (logs) - Controls for previous migration
Farmers in origin ~ 0.016***  (0.023*%*  0.079*** 0.045%%* (.079***
(0.005) (0.010) (0.019) (0.012) (0.019)
R? 0.342 0.703 - - -
Obs 6794 6794 5056 6794 5056
e. Farmers in destination (logs) - Migrants from state of birth
Farmers in origin ~ 0.088***  0.117*** 0.101*** 0.161*%** 0.136***
(0.009) (0.019) (0.032) (0.019) (0.027)
R? 0.237 0.752 0.766 - -
Obs 4794 4794 3560 4794 3560
f. Income (logs) - Migrants from state of birth
Farmers in origin ~ 0.020*** ~ 0.019  0.063*** 0.036*** 0.063***
(0.006) (0.013) (0.024) (0.011) (0.024)

R? 0.360 0.706 - - -
Obs 4462 4462 3326 4462 3326
Dest-Act-Year FE Y Y Y Y Y
Dest-Orig-Year FE Y Y Y Y
Above Q1 Y Y

Include zeros
Notes: * /*F /] ** denotes significance at the 10 / 5 / T percent level. Standard errors clustered at the
destination-crop-year level in parenthesis. This table replicates our main table in Panels a and b. In panels
¢ and d we include the share of return migrants and the share of farmers who come from their region of
origin, which control for third migration of workers between regions. In panels e and f we run regressions
only with workers who come from their state of birth, which accounts for 40 percent of our sample.
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Table A.10: Relationship between the Composition of Farmers and Agricultural Output

Revenues Quantity

Explanatory Variable (1) (2) (3) (4) (5) (6)
Abundance 0.925***  (0.880***  (.894*** 0.979***  0.905%**  (0.919%**

(0.040) (0.063) (0.062) (0.041) (0.066) (0.065)
Composition 0.183***  0.176*** (0.164*** 0.237*%% (0.229%F*F  (.220%**

(0.046) (0.047) (0.047) (0.050) (0.051) (0.052)
R? 0.858 0.859 0.858 0.833 0.834 0.833
Obs 1413 1413 1413 1460 1460 1460
Region-Year Y Y Y Y Y Y
Activity-Year Y Y Y Y Y Y
Controls: total migration Y Y Y Y
Controls: SES Y Y Y Y
Predicted composition Y Y

Notes: * / ** [/ *** denotes significance at the 10 / 5 / 1 percent level. Standard errors clustered at the
mesoregion level in parenthesis. The composition of farmers is the log of the number of farmers in the origin
as weighted by the share of farmers in a destination. Regressions include the years of 2000 and 2010.
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