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La migracién internacional es un fenémeno recurrente que ha
crecido rapidamente en las tltimas dos décadas. Este trabajo exa-
mina el rol de las distorsiones agricolas en la configuracion de los
patrones migratorios y en su influencia sobre la productividad
y el bienestar en paises en desarrollo, utilizando a Guatemala
como estudio de caso. Elaboramos un marco teérico en el que los
miembros del hogar pueden trabajar en la agricultura, en secto-
res no agricolas, o emigrar, y calibramos el modelo combinando

Economics, Universidad de San datos detallados a nivel microeconémico y agregados. Nuestro
modelo identifica dos canales clave a través de los cuales las dis-
torsiones agricolas afectan la migracién y la productividad: un
primer canal en el que las distorsiones aumentan la emigracién
de los agentes mas productivos, reduciendo la productividad
agregada; y un segundo canal en el que las distorsiones generan
una asignacién subdptima de factores, lo que reduce los ingre-
sos y aumenta la emigracién total. Cuantitativamente, reducir
las distorsiones agricolas al nivel del departamento mas eficien-
te en cada regién disminuiria la proporciéon de emigrantes en
2,3 puntos porcentuales, principalmente entre los trabajadores
mas productivos. De manera similar, menores distorsiones in-
crementarfan la productividad agricola agregada en un 30,1 % y
elevarian el bienestar del hogar mediano en un 4,5 %. Un andlisis
a nivel subnacional revela que las dreas con mayores distorsio-
nes estdn mds aisladas y presentan menor penetracion financiera
y presencia del Estado.
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1 | INTRODUCTION

International migration is a recurrent phenomenon that has grown rapidly over the past two
decades and at a faster pace than total population growth. According to the International
Organization for Migration (IOM), there were 281 million international migrants in 2020
(3.6% of the world population), compared to 173 million in 2000 (2.8% of the population).’
A substantial share of international migrants originates from rural areas, which also receive
approximately 40% of global remittance inflows (FAO, 2016).” People generally emigrate
from vulnerable areas in developing countries due to economic motives as well as extreme
weather events and conflict (violence) such that migration can represent an important
adaptation strategy to support livelihoods, build resilience, and protect against fragility
(Hernandez et al., 2023). Clemens et al. (2019) and Clemens and Pritchett (2019) argue that
barriers and restrictions to migration may result in important welfare losses.> Emigration
similarly often involves irregular (undocumented) migration, particularly among food
insecure households.*

This paper formally examines the role of agricultural distortions on explaining emigra-
tion patterns in developing countries and their effects on local aggregate productivity and
welfare, using the case of Guatemala as an example. Agricultural distortions can arise from
the existence of inefficient regulations and interventions, information asymmetries in favor
of insiders, transaction costs, among other factors. Guatemala offers an interesting setting to
evaluate the association between distortions in agricultural activities and migration. Agri-
culture employs around one third of the economically active population in the country (84%
in rural areas) but most of the occupations (90%) are considered informal and over the past
years the sector has been growing at a lower rate than the total economy, representing less
than one tenth of the Gross Domestic Product (GDP) (Derlagen et al., 2020; INE, 2021). Land
markets additionally present a high level of concentration and segmentation with limited
market information, high informality, and cumbersome and costly transaction procedures
(Britos et al., 2022), combined with poor governance conditions and weak institutions across
the country (Gauster and Isakson, 2007; CRS, 2024).

Emigration, in turn, is recurrent and increasing, which situates the country among the
top-15 recipient countries of international remittances (IOM, 2022), despite its relatively
small population size.” It is estimated that over 850 thousand net people have migrated
between 2002 and 2021,° while the most recent population census (INE, 2020) reveals
a sustained increase in the number of both men and women in rural areas leaving the
country between 2002 and 2018. Although natural disasters and insecurity are part of the
longstanding emigration trigger factors in Guatemala and the Central American region,
economic factors, including low wages, unemployment, and insufficient income, continue
to be the main motivation, followed by family reunification (CAI, 2019; Soto et al., 2021).
The US is by far the primary destination for Guatemalan migrants.”

We develop a theoretical framework where a household member has the option to stay in

Ihttps://www.iom.sk/en/migration/migration-in-the-world.html (accessed July 2025).

2Western Europe and the United States (US) represent the two main destinations for emigrants.

3Clemens et al. (2019) estimate that migration barriers of low-skilled men to the US represent over 13.7 thousand
US dollars per worker per year.

4Tt is estimated that around 80% of the people forcibly displaced in the world have experienced acute food inse-
curity and high levels of malnutrition (Barchfield, 2021; USAID, 2021). Black and Sigman (2022) additionally
point out that over 50,000 people have lost their lives during migratory movements since 2014.

SInternational remittances represented close to 18% of the GDP in 2021 (Maldonado and Harris, 2022).

®https://population.un.org/wpp/ (accessed July 2025).

7According to the database of Chi et al. (2025), around 75% of Guatemalan migrants went to the US in 2019 and
85% in 2022.
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her country and work in the agricultural or non-agricultural sector, or emigrate. Agricultural
activities are assumed to be performed at multiple (rural) locations while non-agricultural
activities are performed at a specific (urban) location. In a given rural location, we allow for
a distribution of individuals with heterogeneous agricultural and non-agricultural skills that
face an idiosyncratic agricultural distortion. Multiple locations are considered with varying
degrees of distortions to characterize land and labor (mis)allocations across agricultural and
nonagricultural sectors and regions, and to quantify how these misallocations contribute to
the rate of emigration, aggregate productivity, and welfare.

While the study pays particular attention to emigration decisions, the setup additionally
permits to account for internal rural-urban migration choices, which are captured in the
decision of individuals to work in the agricultural sector in their own location or to work
in the non-agricultural sector in another given urban location. More important, the setting
incorporates relevant features and regularities linked to emigration decisions in Guatemala
and Central America such as the extent of household networks abroad, remittances, and
migration costs. As noted above, transnational ties and connections (e.g., having a relative
living abroad, receiving remittances) are important factors shaping international migration
from the 1‘egion.8 Similarly, according to CID Gallup, one third of Central American migrants
use traffickers (“coyotes”) and pay between 5.5 and 12.5 thousand US dollars depending
on the place of destination, route, and transportation method.” McKenzie and Rapoport
(2007) show that migration networks can overall lower the costs of emigration and present
evidence from Mexico.!"

We calibrate the model combining detailed micro and aggregate data available for
Guatemala. These include population and agricultural census microdata, national house-
hold survey data, and price data. We also exploit rich subnational data—including socioeco-
nomic, accessibility, institutional, cultural, climatic, and insecurity indicators— compiled
from multiple sources to evaluate their association with agricultural distortions across areas.
This analysis can help inform policies aimed at reducing agricultural market imperfections,
enhancing local productivity and welfare, and mitigating emigration.

Theoretically, our model identifies two primary channels through which distortions
operate. First, higher distortions influence the selection of emigrants by increasing the
emigration probability of more productive individuals, while reducing it for less productive
ones. This worsens the composition of the remaining workforce and lowers aggregate
productivity. We refer to this as the migration channel contributing to reduced productivity.
Second, higher distortions reduce productivity directly by misallocating labor and land
across sectors and regions. The resulting decline in household incomes—both in agriculture
and non-agriculture—increases the incentive to emigrate from both rural and urban areas.
We refer to this as the productivity channel contributing to increased emigration.

Quantitatively, our model estimation reproduces the heterogeneity in agricultural distor-
tions observed in the data, both across and within Guatemalan regions. Notably, the regions
with higher distortions tend to be the less developed ones. Our counterfactual exercises
of reducing the estimated distortions to benchmark scenarios within each region, which
result in a 30.3% aggregate reduction in efficiency loss, indicate an average decline of 2.3
percentage points (p.p.) in the share of Guatemalan emigrants.!! Further, total agricultural

8Ceballos and Hernandez (2020) show that receiving remittances and being in communities with a higher rate
of emigrants are highly correlated with the likelihood of emigration in Guatemala.
9https://news.gallup.com/podcas1:/356501/exporting—people—central—america.aspx (accessed ]uly
2025).
OWhile the overall costs of migrating can vary between documented and undocumented migration, formally
distinguishing between these two types of migration is beyond the scope of the study.
11By efficiency loss, we mean the difference between the aggregate agricultural production in a frictionless
(distortion-free) environment and the actual total agricultural production under existing distortions.


https://news.gallup.com/podcast/356501/exporting-people-central-america.aspx

BRITOS ET AL. 4

productivity increases by 30.1% and median household welfare rises by 4.5%. Hence, reduc-
ing distortions and misallocation in agricultural markets can lead to substantial reductions
in cross-border migration while increasing productivity and general well-being. An analysis
at the sub-national level indicates that regions with greater distortions tend to be more
isolated, with limited financial penetration and a weaker government presence.

The study contributes to several strands of the literature. First, the study relates to the
literature on the root causes of emigration in developing countries, focusing on modeling
and quantifying the role of agricultural distortions as an important push factor. While there
have been important advances in the theoretical and empirical analysis of international
migration (see, e.g., Borjas, 1999, for an early review of the economics of immigration), more
work is needed to better understand the recent and increasing emigration flows. We develop
a theoretical framework and exploit rich data to assess how the resulting misallocations from
agricultural distortions contribute to internal employment decisions and emigration patterns
in Guatemala. The modeling also permits to make some inference about positive or negative
selection into migration by characterizing whether the most or least productive agricultural
and non-agricultural workers emigrate. The evidence on selection and emigration in the
developing world is still mixed (e.g., Chiquiar and Hanson, 2005; Orrenius and Zavodny,
2005; Borjas, 2008; Grogger and Hanson, 2011; Moraga, 2011; Clemens, 2020; Clemens, 2022).

In a related vein, the study adds to the broader literature on the factors that affect labor
mobility. Recent work includes Bryan et al. (2014) that examine risks and monetary costs in
the decision to migrate internally in Bangladesh; Brueckner and Lall (2015) that review the
implications of tenure insecurity on rural-urban migration in developing countries; Munshi
and Rosenzweig (2016) on the effect of rural insurance networks in male internal migration
in India; and Morten and Oliveira (2023) and Asher and Novosad (2020) on the impact of
transportation (road) infrastructure on migration in Brazil and India, respectively. In the
agricultural sector, De Janvry et al. (2015) show that delinking land rights from land use
(through the provision of ownership certificates) resulted in large-scale adjustments to labor
and land allocations in Mexico and induced migration by reducing the opportunity cost of
migrating. Ngai et al. (2019) and Adamopoulos et al. (2024) evaluate the role of insecure
property rights as an important labor mobility friction in China for the reallocation of labor
from agriculture to non-agriculture sectors as well as from rural to urban areas. While in
our setup we allow for more general agricultural distortions (beyond land market frictions)
and portray misallocations across sectors and regions within the country, we pay special
attention to external migration given its importance for the context of Guatemala.

The study is also linked to the literature examining aggregate productivity and migration
returns in developing countries. Recent studies focusing on internal migration include Bryan
and Morten (2019), Lagakos et al. (2020), and Lagakos et al. (2023). Our paper is equally
related to a growing literature on agricultural productivity and factor misallocation. Some
examples include Gollin et al. (2014), Adamopoulos and Restuccia (2014), Chari et al. (2021),
Adamopoulos et al. (2022), Britos et al. (2022), Chen et al. (2022), Chen et al. (2023), and
Acampora et al. (2025). We illustrate land and factor misallocation in the agricultural (and
non-agricultural) sector and its implications for external migration.

Lastly, the study contributes to the general discussion of migration drivers in Central
America to the US, which has recently received special attention in the policy arena. Hanson
et al. (2023) provides a historical perspective of US immigration from Latin America and
shows that while emigration from Mexico to the US has slowed down since 2000 and
decreased after 2010, emigration from Central America (and South America) has continued
its upward trend mainly driven by people seeking better economic opportunities.'? Besides
quantifying the role of agricultural distortions on emigration, we assess the association

12See Abramitzky and Boustan (2017) for a broader overview of immigration in the US.
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of these distortions with other factors. Despite there are several studies characterizing
emigrants from Central America to the US and the possible factors driving their decisions,
these assessments are generally based on (limited) cross-sectional surveys and interviews
that allow to approximate correlations rather than causality or provide anecdotal evidence
(e.g., Cohn et al., 2017; CRS, 2019b, CRS, 2019a; CAI, 2019; NIF, 2019; Soto et al., 2021). Two
quantitative studies that focus on specific migration trigger factors, and include Guatemala
in their study sample, are Mahajan and Yang (2020) and Clemens (2021). The former finds
that hurricanes increase migration to the US and existing migrant networks in the US play an
important function in hosting migrants after an extreme weather event in their home country.
The latter shows that homicides in the Northern Triangle (El Salvador, Guatemala, and
Honduras) increase undocumented migration to the US, measured through child-migrant
apprehensions, while peer and family networks in the US can produce self-reinforcing
migration waves after violence episodes.'?

The remainder of the paper is organized as follows. Section 2 presents the theoretical
framework. Section 3 calibrates the base model for Guatemala following a two-stage
approach. Section 4 discusses the estimation results, paying special attention to the role
of agricultural distortions in the observed emigration patterns and local productivity and
welfare, and examines the association of these distortions with key observable characteristics.
Section 5 concludes and provides some policy recommendations.

2 | THEORETICAL FRAMEWORK

Consider a two-sector economy with a unit measure of individuals distributed across ]
rural (agricultural) regions and one urban (non-agricultural) location. The agricultural
good is produced using land in rural regions, where each region j faces a distinct level of
agricultural distortions. Rural individuals are endowed with an idiosyncratic managerial
ability to produce in the agricultural sector (i.e., farm the land) and an idiosyncratic ability
to work in the non-agricultural sector. The non-agricultural good is produced using labor in
the urban region, denoted by j = u, which operates without distortions. Thus, the subscript
j identifies both rural and urban regions such thatj =1, ..., ] + 1. Individuals from rural
regions may internally migrate to the urban region and work in the non-agricultural sector.
Similarly, individuals from either rural or urban regions can migrate to the rest of the world,
receiving an exogenous income that is independent of their idiosyncratic abilities.

We assume that farmers face a production tax that summarizes the distortions in the
agricultural sector across regions. These distortions may result from market regulations
and interventions, information asymmetries, operational costs for implementing effective
managerial control, among other transaction costs and factors discussed in the literature
(see, e.g., Britos et al., 2022; Acampora et al., 2025) and are denoted by 7i;, where i indicates
the farmer and j the region. Based on their ability draw, an individual born in rural region
j chooses among three options: (i) becoming a farmer in region j, in which case they use
land to produce the agricultural good, (ii) migrating to the urban region to work in the non-
agricultural sector, or (iii) emigrating, provided that the welfare from emigrating exceeds
that of staying. The welfare of staying depends on the welfare received either as a farmer
in the rural region or as a worker in the non-agricultural sector in the urban region.'* An

13More recently, Barbosa-Alves and Britos (2025) find that in Guatemala, hotter-than-usual years reduce rural
migration by lowering farm productivity and tightening liquidity constraints.

14 Assuming that an individual born in region j can only farm land in region j could be regarded as a restrictive
assumption but it simplifies the solution of our model and, as commented below, this assumption is consistent
with the fact that farmer mobility across rural regions in Guatemala is mostly temporary and relatively low.
Below, we still relax this assumption by allowing individuals to work in the agricultural sector either in their
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individual born in the urban region u chooses between: (i) working in the non-agricultural
sector, or (ii) emigrating, provided that the welfare from emigrating exceeds that of staying.

21 | Agricultural sector

Each farmer 1 in rural region j is endowed with ability z} and produces the agricultural
good with the following technology:
yij = A“z{LY, 1)

where A is an aggregate productivity parameter in the agricultural sector, ; is the farmer’s
land allocation, and o € (0, 1).

The market is assumed to be competitive and the profit maximization problem for farmer
iin region j is defined as:

W(Z%,Tij) = l’IllaX TiijaZ% l% — qjlijr

ij

where p is the economy’s relative price of the agricultural good and qj is the rental price of
a unit of land in region j — both in terms of the non-agricultural good.

22 | Non-agricultural sector

The non-agricultural good is produced with labor and a linear technology. The aggregate
non-agricultural output is given by:

1
Yr=ATY JO Wiz} di, 2)
j

where Wy; is an indicator variable that takes the value of 1 if individual i from region j
becomes a worker in the non-agricultural sector and 0 otherwise, z{g indicates the individ-
ual’s ability to work in this sector, and A™ is an aggregate non-agricultural productivity
parameter.

The market for the non-agricultural good is also assumed to be competitive. In equilib-
rium, the wage paid in this sector to each individual i from region j is equal to wij = A™z{.

23 | The household’s domestic problem

Each household consumes two goods: an agricultural good and a non-agricultural good.
Preferences are defined over both categories of consumption, with a subsistence requirement
in the agricultural good. The non-agricultural good is taken as the numeraire, and all prices
are expressed in units of this good.
Conditional on staying in the domestic economy, the utility maximization problem for
individual i born in region j is defined as:
Uf]- = I{E]lac){(‘] wlog(c{j —a) + (1 —w)log(cs)

s.t. pc%— + c{; <Iy +T,

own rural region or in another rural region.
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where a > 0 is the subsistence level of consumption of the agricultural good, Iy; is the
household income level, and w € (0,1) captures the preference weight on agricultural
consumption. T refers to per capita transfers received by the household in terms of: (i)
transfers from land rentals accrued by the government, who is assumed to be the land
owner, which are distributed equally among individuals,'” and (ii) lump-sum transfers
of tax revenues received by the government due to the (distorsionary) idiosyncratic tax
on the agricultural output that are distributed equally among individuals. The per capita
transfers from land rentals by the government, which are equal to }_; qjL;/S, depend on the
equilibrium rental price of land in each region (qj), the aggregate land size at each region
(L;), and the number of individuals that stay in the domestic economy (5).

Given the relative price p and income level Ij;, the solution to the household’s maxi-
mization problem imply the following expressions for consumption allocations:

ca — “’(Ii;mju(l—w)d, ®3)

¢y = (I—w)(I+T)—(1—-wpa. 4)

For households born in the urban region, their income level at the domestic economy
(I;) is equal to w?] For households born in a rural region, their income level at the domestic
economy (Iy;) is a function of the occupational decision, which also encompasses an internal
migration (rural-urban) choice. An individual born in rural region j chooses between being
a farmer (Fi; = 1) and receive profits 7t(z{}, Ti;), or migrate internally to work in the non-
agricultural sector (Wy; = 1) and receive wage wi;. The household income level is given
by:

L — H(Z%,Tij) if IFi]' =1
Y WI; if wij =1.

As a result, an individual born in rural region j decides whether to migrate to the urban
region or stay, based on the following welfare maximization problem:

V{% (p, Lij, €45) = IFij,“I/\Iili?é{O,l}{u% (p, Lijlfarmer) + e{]— , U% (p, Iijlworker) + e‘{‘j’ .

Finally, the utility of an individual born in the urban region that stays in the domestic
economy is equal to Vg (p, Lij, e%) = U{lj (p,w% |[worker) + eg We assume that eifj, e{‘j’,
and e} are iid. random variables across i and j that follow a Type-I extreme value
(Gumbel) distribution, with mean zero and scale parameter o;. Following the quantitative
migration literature (e.g., Caliendo et al., 2019 and Lagakos et al., 2023), these additive
idiosyncratic taste shocks capture unobserved determinants of location and occupation
choice. While they are often interpreted as reflecting non-economic motivations—such as
family decisions, or aversion to relocation—they may also encompass household-specific
economic considerations not explicitly modeled, such as access to local support systems
and services within the domestic economy.

15Farmers are assumed to rent the land they operate from the government such that we abstract from the
implications of ownership distribution (see., e.g., Adamopoulos and Restuccia, 2014 and Britos et al., 2022).
While addressing land ownership could be relevant in other contexts, it is not central to our analysis.
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24 | The migration problem

Let the utility of an individual who emigrates be defined as:

VG (U5, ef) = U5 + e,
where U7 is the exogenous, deterministic component of the utility derived from emigrating
from region j, interpretable as a net foreign wage after subtracting migration costs. We allow
this component to be region-specific, as migration costs plausibly depend, for example, on
the size of regional migrant networks (McKenzie and Rapoport, 2007). The idiosyncratic
term eiej is mean-zero, i.i.d., and Gumbel distributed (Type I extreme value), as described
above; it captures unobserved factors including non-pecuniary considerations (e.g., emo-
tional support, destination familiarity) and economic benefits not modeled explicitly (e.g.,
likelihood of receiving remittances from relatives abroad).

An individual’s decision on whether to emigrate or stay in the domestic economy is
ultimately determined by the following maximization problem:

Vi]' (p, Iijr €4j, Uje, 6%) = max{Vg (p, Iij/ €ij ), ij (ujer efj )}

Lastly, we denote as [E;; the indicator variable that takes the value of one if the individual
emigrates and zero if the individual stays in the country either as a farmer or as a non-
agricultural worker. Consequently, the number of individuals, S, that stay in the domestic
economy is defined as S =1—} ; [Ej, where [Ej = f(l) Ej; diis the share of emigrants from
region j.

2.5 | Equilibrium

A competitive equilibrium is defined as a set of prices: {p, qj}forj=1,...,]J and w{‘j = A“z{;
for all pairs (i,j) withj = 1,...,] + 1; a set of occupational choices: {Wj;, Fi;} for all (i,j)
withj =1,...,] +1; a set of emigrate-stay choices: {E;} for all (i,]); a set of land allocations
for farmers in each rural region: {lj;}; and a set of consumption allocations for all households:
{C{Ij , c{‘; }, given the set of agricultural distortions: {ty;}, such that the markets clear.

The market clearing condition for land is given by:

1
J ]Fijli)'diZLj; fOI'jZl,...,]. (5)
0

Given land rental price qj, relative price p, and {ziaj ,Tijtforj =1,...,], theland allocation
of each farmer i in region j is expressed by:

1

PAY > T
Li: = , (6)
Y < 9

where Ay = ocAazfj Tij-
From expressions (5) and (6), we have the following equilibrium relationship:

1 1 1—o
. T—x 33
Jo FijAy ™ di

L

=
I
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The market clearing condition for non-agricultural labor is given by:

1
E J Wi di=W, forj=1,...,]+1.
= JO
)

The market clearing condition for the agricultural good is defined as:
1 1
ZJ Ciaj dlZZJ ]thyl) di.
— JO = JO
j j
Lastly, the market clearing condition for the non-agricultural good is given by:

1 1
Z JO C{Lj di= Z JO A“’\Wij Z?)- di.

J j

From the market clearing conditions for the agricultural and non-agricultural good, we
have the following expression that characterizes the equilibrium:

plY® —Sa] = (1“’) ",

—w

where Y¢ = 3 jé IFijyi;di denotes the aggregate agricultural production across regions,

and Y =} ; f(l) ATWjjz{j di denotes the aggregate non-agricultural production.

2.6 | Model mechanisms

We now turn to explore how agricultural market distortions affect emigration and pro-
duction patterns across the distribution of abilities in each region. We assume that Ty; is
negatively correlated with agricultural ability z{;—that is, more productive farmers tend
to face lower values of Ti;. This relationship reflects that policies or frictions distorting
agricultural production disproportionately burden higher-ability farmers—for instance, by
imposing greater barriers to scale or by exposing them more acutely to inefficient market
institutions (Adamopoulos and Restuccia, 2014; Adamopoulos et al., 2024).16
Our model highlights two primary channels through which these distortions operate:

1. Migration (or micro) channel contributing to reduced productivity: Distortions disrupt the
alignment between individual abilities and sectoral allocation, altering the selection of
emigrants. In particular, higher distortions increase the likelihood that more productive
individuals choose to emigrate, while reducing that probability for less productive
individuals. Holding the total emigration rate constant, this results in a more positively
selected emigrant pool compared to a scenario without distortions. The reallocation of
higher-ability individuals abroad lowers aggregate domestic productivity, representing
an additional channel beyond the usual productivity loss from misallocation alone.
This channel illustrates how distortions increase the emigration probability of more able
individuals while reducing that of less productive ones, thereby lowering aggregate
productivity. It captures how distortions alter the composition of emigrants: in high-

16Gee also Restuccia and Rogerson (2008), Bento and Restuccia (2017), and Restuccia and Rogerson (2017) for a
broader discussion.
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distortion regions, selection into emigration becomes more strongly positive, as the most
productive individuals are more likely to leave the agricultural sector.

2. Productivity (or macro) channel contributing to increased emigration: Agricultural distor-

tions lead to factor misallocation within the sector, which reduces output and lowers
household incomes in both rural (agricultural) and urban (non-agricultural) areas. The re-
sulting decline in domestic incomes increases the relative attractiveness of opportunities
abroad, thereby raising the overall emigration rate.
In contrast to the first channel, which concerns who migrates, this channel emphasizes
how lower productivity and incomes increase the overall likelihood of migration. To
isolate the contribution of this channel to emigration, consider the following exercise.
First, we simulate a closed-economy scenario in which emigration is not allowed, and
compute the resulting decline in aggregate productivity due solely to misallocation.
Second, in a baseline model without distortions (i.e., assuming T;; = 1 for all i and
j), we replicate the same productivity loss by appropriately reducing the agricultural
productivity parameter A“. Comparing the share of emigrants across these two scenarios
removes the influence of changes in the distribution of emigration probabilities induced
by distortions. This procedure allows us to recover the component of emigration driven
solely by the income effects of pure misallocation.

The two model mechanisms are schematically summarized in Figure 1.
FIGURE 1 Outline of model mechanisms

Migration Channel

More (less) Reduction in
Market .
. . productive agents aggregate
Distortions . i oo s
emigrate (stay) productivity

Productivity Channel

duction 1 .
Market Reduction in Increase in

aggregate emigration share

Distortions productivity

In formal terms, let p‘f denote the probability that individual i chooses option k, where
k € {f,w, e} corresponds to being a farmer, a non-agricultural worker, or an international
migrant, respectively. Assuming idiosyncratic utility shocks that are independently and
identically distributed with a Gumbel distribution, the choice probabilities follow a multi-

nomial logit structure:'”
uk
exp 0_71
k €

Pi = ’
e on(%)

he{f,w,e}

where UF represents the utility that individual i derives from alternative k and o > 01is

173ee, for example, Iskhakov et al. (2017) and the references cited therein.
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the scale parameter of the extreme value distribution. The exact expressions for U and the
interpretation of o are provided in Subsections 2.3 and 2.4.

We argue that, as distortions increase, the migration channel implies that the probability
of emigrating (pf{) increases among more productive agents and decreases among less
productive ones. To illustrate this, consider two identical regions that differ only in their
degree of distortions: one with high distortions (j = H) and the other with low distortions
(5 =L). We compare the probability of emigrating in each region under two scenarios: the
distortionary case and the benchmark (no distortions) case.

The following theorems illustrate how distortions affect emigration probabilities and
incomes. The proofs are detailed in Appendix A.

Theorem 1 (Distortions reduce (increase) emigration of less (more) productive agents) Let
p§; denote the probability that an agent with agricultural productivity z{j in region j chooses to
emigrate in the presence of distortions, and let pf].* denote the corresponding probability in the
benchmark case without distortions.

Consider two otherwise identical regions, j = H (high distortions) and j = L (low distortions),
and two productivity types: zi* (low) and zy, (high). Then, for low-productivity agents, the change
in their emigration probability satisfies:

P — Pl < Pl — Pl
Equivalently, since pf,: = pf{, we have:
Pin —Pir <O
Similarly, for agents with high productivity zy,, the change in emigration probability satisfies:
Pfn — PRn > PRL — PRL-
Or, equivalently:
PhH —Pht >0,
since p}e:H = p}e:L

Theorem 1 underscores how distortions differentially affect emigration patterns based
on productivity levels, leading to varying impacts on emigration decisions between less and
more productive individuals.

Theorem 2 (Distortions reduce incomes and raise emigration across all regions and sectors)
Consider an economy with agricultural productivity level A®. Let p{;(A®) denote the probability of
emigration for individual i in region j when agricultural total factor productivity is A©.

Suppose distortions reduce A to a lower level A§t < A%, reflecting pure misallocation in the
absence of selection effects. Then, for all individuals 1 and regions j, emigration probabilities increase:

pi(AL) > p55(AY),  forall iandj.

Theorem 2 highlights how distortions affect incomes across regions and sectors, ulti-
mately influencing the overall emigration rate.

Figure 2 illustrates the change in an agent’s probability of being a farmer (upper panel)
and an emigrant (lower panel) between the distorted and benchmark cases, across the
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distribution of agricultural abilities (zf‘]-) in regions with low versus high distortions (left
and right panels, respectively). The analysis uses simulated data, with parameter values
consistent with the macro-development literature (detailed in the next section) and as-
sumes—following the arguments above—that the two regions are identical in all respects
except for the level of agricultural distortions.

FIGURE 2 Change in the probability of being a farmer and emigrant in low- and high-
distortion regions: Simulated data

plj —plj (Low-distortion Region) pl;, — pl; (High-distortion Region)
05 05

-0.5F

log(=fy) log(2iy)

pij — p; (Low-distortion Region) i — i (High-distortion Region)

1 2 3 4 ’ El 0 1 2 3 4
log(=4,) log(=5;)

Note: The vertical axis displays the change in the probability of being a farmer p -f]- (upper panel) and an emigrant p{; (lower panel)
between the distorted and benchmark cases across the distribution of idiosyncratic agricultural abilities z{; in regions with low versus
high distortions (left and right panels). The horizontal axis represents the log(z{; ). The green dashed line shows a polynomial it to the
observed data.

The upper left panel corresponds to a region with low distortions, showing minimal
changes in the probability of being a farmer (p {j) for most of the ability distribution but slight
reductions in the higher ability range. The upper right panel corresponds to regions with
high distortions, showing more pronounced reductions in the probability of being a farmer
as abilities increase, indicating that high distortions discourage farming, particularly among
more productive agents. The bottom left panel (low distortions) shows small increases in
the probability of emigration (p{;), particularly at higher ability levels, but overall changes
remain modest. The bottom right panel (high distortions) shows, in turn, some decrease in
emigration probabilities among agents with low to medium levels of ability, while displaying
an important increase in emigration probabilities among individuals with higher abilities,
indicating that high distortions strongly encourage emigration, particularly among more
productive agents.

When we consider both channels together, we find that distortions affect overall emigra-
tion in a way that is not necessarily monotonic.

On the one hand, the migration channel implies that distortions lower the emigration
probability of less productive agents, who are relatively more likely to emigrate, while
raises the emigration probability of more productive agents, who are relatively less likely to
emigrate. This channel tends to reduce the overall emigration rate by encouraging those
more likely to leave to stay.

On the other hand, the productivity channel implies that distortions reduce aggregate
productivity and, consequently, incomes across the entire distribution. This income reduc-
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tion increases the likelihood of emigration across all groups, generally raising the overall
emigration rate.

Interestingly, the first mechanism dominates at lower levels of distortion, while the
second mechanism becomes dominant at higher levels. As distortions increase, the wealth
effect reduces the income for everyone, raising the probability of emigration across the
entire distribution.

2.7 | Model extension

In Appendix B, we extend the model to incorporate the possibility that an individual
can work in the agricultural sector as a wage earner in any rural region. An individual
in this context can choose between being a farmer in their own region, an agricultural
worker in any of the ] regions, migrate to the urban region to become a non-agricultural
worker, or emigrate. This setting permits a more comprehensive modeling and evaluation
of the implications of agricultural distortions on observed external and internal (rural-
rural) migration patterns. We do not estimate this extended setting but instead rely on
the benchmark model introduced above due to data limitations, particularly regarding
rural-to-rural migration. Data on these internal migration flows are only partially available
and rural-to-rural migration is mostly a temporary rather than a permanent decision in
Guatemala. We still show in the appendix that the mechanisms observed in the benchmark
model—namely, the migration channel and the productivity channel—are preserved in the
extended model.

3 | MODEL ESTIMATION

In this section, we describe our estimation strategy. First, we briefly describe the different
regions of Guatemala considered for the estimation exercise. Second, we set values for
specific parameters based on (i) direct observations from the data, (ii) established standards
in the literature, and (iii) external estimates. Third, we parameterize the distribution of
idiosyncratic abilities (z{}, zi}) following a similar strategy as in Britos et al. (2022). Finally,
we use indirect inference to estimate the remaining parameters using the Simulated Method
of Moments (SMM). Appendix C provides additional details on the data sources and

calibration.

31 | Regional division of Guatemala

Guatemala presents an important level of heterogeneity in terms of geography, weather,
ethnic composition, and rural development. Agricultural activities are, in turn, mainly
characterized by small-scale farming, where 65% of the landholdings have less than one
hectare and only over 3% have more than ten hectares (INE, 2003; Durr, 2016). The main
crops produced include maize, coffee, sugar cane, bananas, and beans, which together
generate close to 80% of the total agricultural employment (MAGA, 2011; MAGA, 2013),
while most of agricultural activities are informal as noted earlier.

For the analysis, we group the departments of Guatemala into three regions (see map in
Figure 3): Western Highlands-Verapaces-Center comprising ten departments; Dry Corridor-
Izabal comprising six departments; and Pacifico-Bocacosta comprising four departments.
We additionally consider the department of Guatemala as exclusively urban since the capital
city is situated in this department and agricultural activities are significantly less prevalent
compared to other sectors. We exclude the department of Peten from the study as natural



BRITOS ET AL. 14

grasslands and forest make up most of the department area (the Mayan Biosphere Reserve
is also located in this department) and agricultural activity is very limited.

FIGURE 3 Map of Guatemala and regions

(Maya Biosphere Reserve)
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As shown by the ANOVA results presented in the last column of Appendix Table
D.1, the departments within each region share more similar characteristics than across
regions in terms of accessibility, climate vulnerability, government presence, cultural, and
socioeconomic conditions. The indicators reported include travel time to the closest town
of 20,000 habitants, risk of frosts, droughts, floodings, and geodynamic and geophysical
disasters, density of public institutions, prevalence of indigenous population and Spanish as
the main language reported by the household head, poverty rate, and chronic malnutrition
rate, which are obtained from multiple data sources detailed in the appendix. Note that the
Western Highlands-Verapaces-Center region exhibits an important presence of indigenous
population, a high risk of frosts, and is the poorest and with the highest rate of malnutrition,
followed by the Dry Corridor-Izabal region that presents an important risk of droughts and
floodings and is relatively less accessible. Pacifico-Bocacosta is more developed and better
connected than the other two regions but presents an important risk of geodynamic and
geophysical disasters as well as floodings.'®

3.2 | Externally calibrated parameters

We assign parameter values based on direct observations from the data or by referencing
established values in the existing quantitative macroeconomic literature. Table 1 provides
a summary of these externally calibrated parameters. We set the elasticity of output with
respect to land («) to 0.4, consistent with the macro-development literature that considers

18Ppacifico-Bocacosta is characterized by a larger prevalence of commercial farming relative to the other two
regions.
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values between 0.3 and 0.5 (see, e.g., Britos et al., 2022; Adamopoulos et al., 2022, 2024).19 The
parameter a represents the subsistence level of consumption for the agricultural good and is
calibrated to 0.25, which is a value commonly used in the literature (see, e.g., Adamopoulos
et al., 2024). We set the weight of agricultural consumption in the utility function w to
0.3, such that the average employment share in agriculture in the model matches that of
Guatemala, which is 30%. Aggregate land size in each region (L;) is obtained from the IV
National Agricultural Census (INE, 2003) and normalized to be expressed as a percentage of
the total land size in the country. Lastly, we normalize the agricultural and non-agricultural
aggregate productivity to one.

TABLE 1 Externally calibrated parameters

Parameter Value Explanation Reference

AT 1 Aggregate non-agricultural productivity Normalized

Ac 1 Aggregate agricultural productivity Normalized

o 0.4  Land share in agricultural production Midrange value in the literature
a 0.25  Subsistence consumption of agricultural good Adamopoulos et al. (2024)

w 0.3 Weight of agricultural consumption in utility =~ Employment share in agriculture
Ly 0.5 Normalized aggregate land size in Region 1 IV National Agricultural Census
L, 0.3  Normalized aggregate land size in Region 2 IV National Agricultural Census
L3 0.2 Normalized aggregate land size in Region 3 IV National Agricultural Census

Note: Region 1 corresponds to Western Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.

3.3 | Productivity and distortions

We assume that both agricultural and non-agricultural productivity follow a log-normal
distribution. Specifically, for each region j, agricultural productivity is modeled as log (z{j) ~
N( uja, 0)9), while non-agricultural productivity is modeled as log (z{‘;) ~N(u™, o™).

The estimation of the agricultural productivity measure follows the two-stage approach
of Britos et al. (2022). Full details are provided in Appendix C.3. We first derive a measure of
total factor productivity (TFP) using agricultural census data (INE, 2003) on production and
land and labor inputs. We then adjust this productivity measure by regressing the TFP value
derived in the first step on a set of control variables not included in the theoretical framework
that could influence our productivity measure. These include farmer’s education, share
of family labor force, use of machinery, equipment, enhanced seeds, fertilizer, pesticides,
and irrigation system, if farmer has livestock, and number of different crops produced.
We similarly include farmer’s age and gender that proxy for the potential ascendancy and
advantage position of older and male farmers, which can influence land allocation and input
access beyond a farmer’s inherent ability.”’ Agricultural productivity is finally calculated as
the regression residual adjusted for productivity changes based on age and sex. We also
compute the mean and standard deviation of agricultural productivity for each region j,
yielding the parameters (p;*, 05').

We examine below the sensitivity of our results to alternative values of « (0.3 and 0.5).
20The regression additionally includes location (village) fixed effects to control for unobserved differences across
locations that can influence productivity, such as biophysical and accessibility conditions.
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We employ a similar regression approach to estimate non-agricultural TFP. A detailed
description of the calculation is available in Appendix C.3. We use in this case data from
the 2019 National Survey of Labor and Income (INE, 2019) that include workers” non-
agricultural income, education, age, and gender, and obtain the regression residual that
serves as the non-agricultural productivity measure. We likewise obtain parameters (u™,c™).

To model agricultural distortions, we build on the framework proposed by Adamopoulos
and Restuccia (2014), in which the distortions are represented as a function of agricultural
productivity. Formally, we assume that agricultural distortions follow the process:

log(ij) = Wjzg + €45,

where 71y; characterizes the idiosyncratic distortion faced by producer i in region j, z{
represents the agricultural productivity of that producer, and e;; is a noise term following a
distribution N(0, 0]7). The parameter 1; captures the correlation between distortions and
agricultural productivity within region j. Market interventions or imperfections and other
factors that drive factor misallocation are characterized by \; < 0 (see, e.g., Adamopoulos
et al., 2024), where a larger absolute value of 1; is indicative of greater distortions in region
j and, consequently, higher levels of inefficiency in land use.

This specification allows us to quantitatively assess the degree of misallocation and its
relationship with agricultural productivity across different regions.

34 | Estimation of remaining parameters

We estimate the remaining parameters, {1;, O‘jT, Uje, O‘je }jej, using the Simulated Method of
Moments (SMM). This method identifies the parameter vector that minimizes the discrep-
ancy between the empirical moments observed in the data and the corresponding moments
generated by the model simulation. By aligning the simulated moments with the data, the
model is calibrated to replicate key empirical regularities.

The choice of moments is informed by their relevance to the parameters being estimated.
Parameter 1p; is identified by matching the correlation, within each region j, between total
factor productivity TFP;; and revenue-based total factor productivity TFPRy;, defined as
in the misallocation literature (e.g., Hsieh and Klenow, 2009). This correlation captures
the extent to which distortions are systematically related to productivity. Parameter o7 is
estimated by targeting the standard deviation of TFPR;; for each j. For parameter Uf, which
represents the utility of emigrating, we target the share of emigrants relative to the total
employed population in each region j. These shares provide a direct empirical counterpart
to the migration incentives embedded in the model. Finally, parameter o7 is identified by
matching the share of household members employed in the non-agricultural sector from
region j. See Appendix C for further details on the construction and calculation of these
moments, including emigrant shares.

Table 2 presents the targeted moments from the data, the corresponding values generated
by the model, and the estimated parameter values. The moments include both the share
of emigrants across regions and the correlations between total factor productivity TFP and
revenue-based total factor productivity TFPR. The discrepancy between the observed data
moments and the model-generated moments is relatively small, indicating that the model
performs well in capturing key empirical patterns.

Parameters {wj,uje}jel are intrinsically tied to the targeted moments in the model.
Specifically, parameter 1; reflects the degree of correlation between total factor productivity
and revenue-based total factor productivity within region j. A higher correlation indicates
a stronger association between individual agricultural productivity, z%., and distortions,
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TABLE 2 Targeted moments and parameter results

Moments Data Model
Share of Emigrants from Region 1, [Eq 16.50 16.50
Share of Emigrants from Region 2, [E; 13.80 14.00
Share of Emigrants from Region 3, E3 8.70 8.80
Corr(TFP;, TFPR;) 048 048
Corr(TFP,, TFPR,) 057 057
Corr(TFP3, TFPR3) 0.50 0.50
S.D.(TFPRy) 0.82 0.82
S.D.(TFPRy) 1.09 1.07
S.D.(TFPR3) 0.95 0.90
Share of Workers from Region 1, W; 52.20 54.69
Share of Workers from Region 2, W, 54.90 58.32
Share of Workers from Region 3, W3 62.50 62.76
Parameter Value
Utility of emigrating from Region 1, U; 0.61
Utility of emigrating from Region 2, U, 0.42
Utility of emigrating from Region 3, Us 0.49
Association between z% and 7y in Region 1, ] 0.07
Association between z{lj and Ty in Region 2, b | 0.09
Association between z{lj and Ty; in Region 3, 3] 0.03
Dispersion of Ty; in Region 1, T 0.70
Dispersion of Ty; in Region 2, 03 0.90
Dispersion of Ty; in Region 3, o3 0.85
Gumbel scale-parameter Region 1, of 121
Gumbel scale-parameter Region 2, o5 1.42
Gumbel scale-parameter Region 3, o5 0.81

Note: This table displays the targeted moments from the data and their corresponding model-generated
counterparts, as well as the values of the estimated parameters. Moments include the share of emigrants,
correlations between total factor productivity TFP and revenue-based total factor productivity TFPR, stan-
dard deviations of TFPR, and Gumbel scale-parameters, for each region. Region 1 corresponds to Western
Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.

(1 —Ti;). This suggests that regions with larger (absolute) values of 1; exhibit a larger
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alignment between productivity levels and the distortions faced by agents, highlighting
the extent of resource misallocation. As shown in the table, the Dry Corridor-Izabal region
exhibits the highest level of distortions (\p,| = 0.09), followed by the Western Highlands-
Verapaces-Center region (1| = 0.07) and the Pacifico-Bocacosta region (3| = 0.03). The
Dry Corridor-Izabal similarly exhibits the highest dispersion in revenue-based total factor
productivity (o5 = 0.90), indicating a significant degree of factor misallocation.

Given that parameter U’ captures the utility of emigrating from region j, a higher value
of U§ implies a greater incentive for individuals to emigrate, which is expected to increase
the share of emigrants (IE;) from that region. This relationship directly links the observed
migration patterns to the underlying economic drivers represented by Uy As observed, the
Western Highlands-Verapaces-Center region exhibits the strongest incentives to migrate,
followed by Pacifico-Bocacosta and Dry Corridor-Izabal regions. Interestingly, the estimated
utility of emigrating from the Pacifico-Bocacosta region (0.49) is comparable to that of the
Dry-Corridor-Izabal region (0.42), despite the latter having a higher share of emigration
(13.8 versus 8.7). This disparity may reflect the impact of greater agricultural distortions in
the Dry Corridor-Izabal region, which appear to be driving more individuals from rural
areas to emigrate.

Finally, the larger share of non-agricultural workers from the Pacifico-Bocacosta region
(63%), compared to other regions (52%-55%), results in an estimated lower value for the
Gumbel scale parameter (0.81 versus 1.2 and 1.4). This lower scale parameter may indicate
reduced variance in the (idiosyncratic) decisions influenced by non-economic factors, such
as family considerations and specific household networks in the destination country.

Figure 4 illustrates the extent of misallocation across the three regions. The figure
displays kernel density estimates of the distribution of TFPR across Western Highlands-
Verapaces-Center (red solid line), Dry Corridor-Izabal (blue dashed line), and Pacifico-
Bocacosta (green line with markers). The Pacifico-Bocacosta region exhibits the most con-
centrated distribution, suggesting the lowest level of agricultural market distortions. In
contrast, the Dry-Corridor-Izabal region displays the flattest distribution, indicating signifi-
cant factor misallocation. The Western Highlands-Verapaces-Center region lies in between,
with moderate dispersion. These patterns are consistent with the extent of distortions and
misallocation highlighted in the estimation results discussed above.

Appendix Figure D.1 depicts, in turn, the relationship between the actual output (log(y; ))
and the hypothetical no-distortion output (log(yi)) across the three regions. Each panel
corresponds to one region, with red dots representing individual observations. The dashed
45-degree line indicates parity between actual and no-distortion output such that observa-
tions closely aligned with the 45-degree line suggest minimal distortions, while deviations
from the line highlight the presence of distortions. The Pacifico-Bocacosta region shows
the closest alignment with the the 45-degree line, pointing to lower levels of distortions,
followed by the Western Highlands-Verapaces-Center, and the Dry Corridor-Izabal that
exhibits the greatest scatter, indicating more substantial distortions.

The use of a complementary, although limited, dataset also permits to align these
findings with observed differences in agricultural land markets across regions. Appendix
Table D.2 reports the share of land rentals and perceived prices of the best land in the locality
and their dispersion in each region, based on a three-year panel survey of households
collected between 2012 and 2014 over half of the municipalities in the country.”! We find
a significantly larger share of land rentals and a considerably lower coefficient of price
variation in Pacifico-Bocacosta compared to the other two regions. This relatively higher

2lThe survey was conducted as part of the evaluation of a large-scale program implemented by the Government
of Guatemala to reduce food insecurity and malnutrition. It covered 176 of the country’s 340 municipalities,
focusing on the poorest areas with the highest stunting rates.
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FIGURE 4 Model-implied distortions: Revenue-based total factor productivity (TFPR) distri-
bution by region
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Note: The vertical axis displays the estimated kernel density, while the horizontal axis shows the log(TFPR) for each region.

number of transactions and lower price dispersion is consistent with less market distortions
in Pacifico-Bocacosta, as opposed to the Western Highlands-Verapaces-Center and Dry
Corridor-Izabal.

4 | QUANTITATIVE ANALYSIS

In this section, we approximate the magnitude of the estimated distortions in the agricul-
tural sector along several dimensions of interest. We accordingly construct counterfactual
scenarios for each region to compare the actual allocation of resources with a benchmark
that represents a more efficient allocation. We then quantify changes in key outcomes related
to emigration, local employment, agricultural productivity, and welfare. We also evaluate
whether the quantified distortions are correlated with observable local characteristics across
areas.

41 | Counterfactual scenario

The procedure to construct the counterfactual scenario is outlined as follows:

1. First, we re-estimate the distortions at the department level to obtain more granular
estimates.

2. Second, we identify the most ‘efficient” department within each region. This is done
by selecting the department with the lowest correlation between TFPR;; and TFPy;, as
a lower correlation indicates a closer alignment between productivity and resource
allocation.

3. Third, we re-calibrate the two parameters that characterize the distribution of distortions
in our model, lbj and (7;, for each region j. Specifically, given the remaining parameters
estimated in Section 3, we calibrate 1; and GJT to match two key moments from our
selected benchmarks: the correlation between TFPR and TFP, and the standard deviation
of TFPR.
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4. Finally, using the model outcomes derived from the re-calibrated parameters, we con-
struct the benchmark scenario and use it to perform the counterfactual exercises.

We consider this benchmark selection a more conservative and realistic approach than
using the planner’s allocation as the benchmark. Table 3 presents the estimated moments
that characterize distortions across the selected benchmark departments in each region: Quet-
zaltenango (in Western Highlands-Verapaces-Central), Izabal (in Dry Corridor-Izabal), and
Escuintla (in Pacifico-Bocacosta). These three departments show the lowest correlations be-
tween total factor productivity (TFP;;) and revenue-based total factor productivity (TFPRy;)
within their respective regions.??

TABLE 3 Targeted moments from selected benchmark departments

Department, Region Corr (TFPy;,TFPRy;) S.D. (TFPRy;)
Quetzaltenango, Region 1 0.34 0.57
Izabal, Region 2 0.42 0.72
Escuintla, Region 3 0.41 0.86

Note: This table displays the correlation between TFP;; and TFPR;; and the standard deviation of TFPRy;,
estimated from the data, for each resulting benchmark department. Region 1 corresponds to Western
Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.

Quetzaltenango exhibits a relatively low correlation between TFP and TFPR (0.34) and a
standard deviation of TFPR of 0.57, which suggest moderate distortions in factor allocation.
Izabal has a higher correlation between total factor productivity and revenue-based total
factor productivity (0.42) and a standard deviation of the latter of 0.72, indicating a greater
degree of misallocation compared to Quetzaltenango. Finally, Escuintla shows a correlation
of 0.41 and the highest standard deviation of TFPR (0.86) among the benchmark departments.
While the productivity-resource alignment in Escuintla is comparable to that in Izabal, the
observed standard deviation of TFPR in Escuintla is closer to the actual standard deviation
for the entire Pacifico-Bocacosta region reported in Table 2 (0.95). This proximity suggests
that the potential gains from eliminating distortions in the Pacifico-Bocacosta region may
not be as large as those expected in other regions.

Table 4 reports the calibration results for the parameters characterizing the distributions
of distortions (; and cr]-T) for each region j under the benchmark scenario. Compared to the
parameters estimated under the actual scenario in Section 3, both 1; and o7 are significantly
lower in the benchmark scenario for the Western Highlands-Verapaces-Center and Dry
Corridor-Izabal regions; specifically, for the former region, |1 decreases from 0.07 to 0.03
and o7 decreases from 0.70 to 0.52, while for the latter region, [1p>| declines from 0.09 to 0.05
and o3 drops from 0.90 to 0.62. In contrast, in the Pacifico-Bocacosta there are only marginal
differences between the two scenarios, with [{p3| changing from 0.03 to 0.02 and o7 slightly
decreasing from 0.85 to 0.76.

Figure 5 presents kernel density plots of the log of revenue-based total factor productiv-
ity (log(TFPR)) for the three regions, comparing the distributions under the actual scenario
(solid red lines) and the benchmark scenario (dashed green lines). For the Western Highlands-
Verapaces-Center region, the benchmark scenario shows a narrower distribution (lower
variance) and a higher peak compared to the actual scenario, indicating a more concentrated
allocation of TFPR values around the mean. Similarly, the benchmark scenario for the
Dry Corridor-Izabal region results in a narrower distribution and a higher peak, reflect-
ing significantly reduced distortions relative to the actual scenario. On the contrary, the

22Although not reported, these departments are among the most developed ones within each region.
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TABLE 4 Targeted moments and parameter results under the benchmark scenario

Moments Data Model
Corr(TFP1, TFPRy) 0.34 0.34
Corr(TFP,, TFPR,) 0.42 0.42
Corr(TFP3, TFPR3) 0.41 0.40
S.D.(TFPRy) 0.57 0.58
S.D.(TFPRy) 0.72 0.73
S.D.(TFPR3) 0.86 0.84
Parameter Value
Association between z{l]- and Tyj in Region 1, ] 0.033
Association between zia]. and 7yj in Region 2, ;| 0.048
Association between zi“j and 7yj in Region 3, (3] 0.023
Dispersion of Ti; in Region 1, 6T 0.52
Dispersion of Ty; in Region 2, o3 0.62
Dispersion of Ti; in Region 3, o3 0.76

Note: This table displays the targeted moments from the data on the benchmark departments within their re-
spective regions and their corresponding model-generated counterparts, as well as the values of the calibrated
parameters. Moments include the correlations between total factor productivity TFP and revenue-based
total factor productivity TFPR, and the standard deviations of TFPR. Region 1 corresponds to Western
Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.

Pacifico-Bocacosta region displays more closely aligned distributions for the actual and
benchmark scenarios, with the benchmark scenario exhibiting only a slightly narrower
spread and marginally higher peak, also pointing to less pronounced improvements in
resource allocation under the benchmark scenario.

Overall, the plots illustrate that transitioning to the benchmark scenario leads to a
reduced dispersion of log(TFPR), particularly in the Western Highlands-Verapaces-Center
and Dry Corridor-Izabal, indicating a more efficient allocation of resources in these regions,
as opposed to Pacifico-Bocacosta with limited gains in resource reallocation efficiency.

Finally, Table 5 displays the reductions in the efficiency loss of aggregate agricultural
production when transitioning from the distorted economy to the benchmark case. The
first three values represent the decrease in the agricultural production gap for each of
the three regions. Specifically, the gap (i.e., efficiency loss) narrows by 37.3%, 41%, and
14.5% in Western Highlands-Verapaces-Center, Dry Corridor-Izabal, and Pacifico-Bocacosta,
respectively. The final value represents the overall reduction in the agricultural production
gap across all regions, amounting to 30.3%. This indicates that the nationwide reduction in
the gap is substantial—close to one-third of the total agricultural gap, which is measured as
the difference between efficient (distortion-free) and actual production.
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FIGURE 5 Model-implied distortions: Revenue-based total factor productivity (TFPR) distri-
butions — Actual vs. Benchmark

Western Highlands-Verapaces-Center Dry Corridor-Izabal Pacifico-Bocacosta
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Note: The vertical axis displays the estimated kernel density, while the horizontal axis shows the log(TFPR) for each
region. ‘Actual’ refers to the model-implied TFPR distributions derived in Section 3 using the actual regional data, whereas
‘Benchmark’ refers to the model-implied TFPR distributions based on data from the selected benchmark departments.

TABLE 5 Reduction in the agricultural gap between actual and benchmark scenarios

Region1 Region2 Region3 Total

37.3% 41.0% 14.5%  30.3%

Note: This table displays the reduction in efficiency loss (i.e., the difference between
aggregate agricultural production in a frictionless (distortion-free) environment and
actual production under existing distortions) between actual and benchmark scenarios.
Region 1 corresponds to Western Highlands-Verapaces-Center, Region 2 to Dry Corridor-
Izabal, and Region 3 to Pacifico-Bocacosta.

4.2 | Counterfactual estimates

Next, based on the counterfactual scenarios for each region, we quantitatively evaluate the
effects of the estimated distortions on the emigration rate, local labor decisions, aggregate
agricultural productivity, and welfare. We focus on addressing the following questions:
How does the share of emigration change between the actual and benchmark scenarios
across regions? What is the change in the share of non-agricultural workers? What are the
gains in agricultural productivity and efficiency? What are the gains in median consumption
under the benchmark economy, and who is most likely to experience increased welfare?
How does the probability of emigration change across individuals with varying degrees
of abilities? What is the contribution of the migration channel to the modeled changes in
productivity?

421 | Overall changes

Table 6 presents the estimated changes in emigration share, non-agricultural employment
share, aggregate agricultural productivity, and median consumption when transitioning
from the actual to the benchmark scenario in each region. We observe varying results across
regions.
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The Dry Corridor-Izabal region shows the largest improvement in agricultural pro-
ductivity, with a 45.6% increase, reflecting the region’s substantial potential for factor
reallocation efficiency. The Western Highlands-Verapaces-Center region experiences the
most substantial reduction in the share of emigrants (-3.0 p.p.), coupled with a modest
increase in non-agricultural employment share (1.1 p.p.), implying improved local labor
market opportunities. In contrast, the Pacifico-Bocacosta region shows the smallest increase
in agricultural productivity (14.4%) but the largest increase in the share of non-agricultural
workers (1.7 p.p.), suggesting a focus on labor reallocation rather than land-use efficiency.

The urban region, although not directly affected by agricultural distortions, also sees a
notable rise in the share of non-agricultural employment (1.6 p.p.) and a decline in the share
of emigrants (1.6 p.p.). This reflects the indirect general equilibrium effects of reducing rural
distortions.

In terms of consumption, all regions experience gains, with the largest median consump-
tion increase observed in the urban region (14.6%), followed by the Dry Corridor-Izabal
(12.2%) and Western Highlands—Verapaces—Center (11.0%). The Pacifico-Bocacosta region
shows the smallest gain, at 8.8%.%

TABLE 6 Changes in emigration, non-agricultural employment, agricultural productivity,
and median consumption between actual and benchmark scenarios

Region A Share of A Share of A Agricultural A Median
Emigrants (p.p.) Workers (p.p.) Productivity (%) Consumption (%)

Region 1 -3.0 1.1 33.3 11.0
Region 2 22 -0.1 45.6 12.2
Region 3 -1.8 1.7 144 8.8
Urban -1.6 1.6 - 14.6
Total 2.3 1.2 30.1 12.3

Note: This table presents changes in the emigration share (E;), the share of non-agricultural workers (W), aggregate
agricultural productivity, and median consumption when moving from the actual to the benchmark scenario in each region.
Changes are expressed in percentage points (p.p.) for emigration and employment shares and in percentage terms (%) for
aggregate productivity and median consumption. Region 1 corresponds to Western Highlands-Verapaces-Center, Region 2
to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta. Total refers to the aggregate, including the three agricultural
regions and the urban region.

On aggregate, the total emigration share decreases by 2.3 p.p., suggesting a decline in
out-migration as distortions are reduced, while aggregate agricultural productivity rises by
30.1%. These are non-negligible changes in emigration and agricultural productivity, with
the effects being more pronounced in the Western Highlands-Verapaces-Center (emigration)
and Dry Corridor-Izabal (agricultural productivity), which are less developed than Pacifico-
Bocacosta that shows the largest relative gains in non-agricultural employment. Considering
that the total population of Guatemala is 16.3 million according to the last census (INE, 2020)
and approximately 1.1 million Guatemalan migrants reside in the US (US Census Bureau,
2021), the overall reduction in emigration would be equivalent to a 35.5% decrease in the
Guatemalan population currently living in the US.

In Appendix Table D.5, we assess the sensitivity of our main results to alternative values
for the elasticity of output with respect to land («). Panel A of the table presents outcomes
for « = 0.3 and Panel B for o« = 0.5. The direction of the effects across outcomes is consistent
with our baseline results. The total change in the emigration share ranges from —2.7 p.p.

23The change in consumption is calculated by comparing the median consumption basket in the benchmark
scenario (at actual prices) relative to the actual consumption.
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(when o = 0.3) to —1.3 p.p. (when « = 0.5), compared to —2.3 p.p. under the baseline
calibration. Changes in the share of non-agricultural workers are basically identical across &
values (1.2 p.p.). Aggregate agricultural productivity, in turn, increases more markedly with
a higher «, rising by 37.1% at o = 0.5, compared to 21.7% at o« = 0.3. Median consumption
follows a similar pattern, increasing by 8.4% under « = 0.3 and by 11.7% under « = 0.5.

422 | Welfare

To assess the welfare gains under the benchmark scenario compared to the actual scenario,
we employ an equivalent variation approach in consumption. The equivalent variation is
defined as the change in consumption that leaves the individual indifferent between the
two cases in terms of utility.?*

Formally, for each individual i, the equivalent variation is the solution to the following
equation:

VESt(ed, el) = Ve, @)
where V{}Ct(-) is the utility level in terms of the actual agricultural and non-agricultural
consumption levels adjusted by the equivalent variation coefficient EV;;, and Vge“(-)
represents the corresponding utility under the benchmark scenario. Following the optimal
consumption allocations from (3) and (4), the adjusted consumption levels under the actual
scenario are defined as ¢} = c{lj +EVj; and é{; =[(1- w)/w]p(ciaj +EVy5 — a).»

Using the functional form of the utility function, the equivalent variation EVj; is, then,
the solution to:

log(cg + EVyy — @) + (1— w)log([(1 - w)/wlp) = V™, ®)

which gives

vbhben w 1
_ ij - 5 _ ~a
EVij=e'd ( a )> +a—ci. )

This expression captures the individual’s equivalent variation in terms of the agricultural
consumption good, representing the consumption adjustment needed to equalize utility
across the two scenarios.

Using the expression defined above and the estimated model parameters, we find
that the median household welfare increases by 4.6%, 4.5%, and 4.3% (in consumption-
equivalent terms) in the Western Highlands-Verapaces-Center, Dry Corridor-Izabal, and
Pacifico-Bocacosta regions, respectively. When considering all three regions together with
the urban area, the welfare gain at the median amounts to 4.5%.

To examine the distributional effects of reducing agricultural distortions to their bench-
mark level, Figure 6 presents welfare changes across the income distribution within each
region. We observe that lower percentiles experience larger percentage increases in welfare
across all regions, with the 10th percentile consistently exhibiting the greatest gains and
the 90th percentile the smallest. In fact, the welfare gain at the 10th percentile is more

24The analysis that follows is carried out in partial equilibrium—that is, conditional on the equilibrium prices
and allocations from the actual scenario.

25For individuals who migrate in the actual scenario, consumption levels are not directly observed. Instead,
we impute the level of consumption—at actual scenario prices—that would yield the same utility as their
migration outcome. The equivalent variation is then calculated based on this imputed consumption.
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than twice that at the 90th percentile across the three regions. The larger gains shown by
individuals at the lower end of the income distribution are similarly more notable in the
Dry Corridor-Izabal and Western Highlands-Verapaces-Center regions. These results sug-
gest that reducing agricultural distortions has a relatively greater impact on lower-income
groups in less developed regions.

FIGURE 6 Consumption-equivalent welfare gains by income percentile

Western Highlands-Verapaces-Center Dry Corridor-lzabal Pacifico-Bocacosta
10 10 10
9 9r 9

Percentage Change
Percentage Change
Percentage Change

0 0
10th 25th 50th 75th 90th 10th 25th 50th 75th 90th 10th 25th 50th 75th 90th
Percentile Percentile Percentile

Note: This figure shows changes in welfare measured in consumption-equivalent terms across the income distribution for the 10th, 25th,
50th, 75th and 90th percentiles, comparing the benchmark and actual cases for each rural region.

4.2.3 | Probability of emigration

We are also interested in examining the effects of distortions on individual migration in-
centives, which may vary by the level of ability. In Figure 7, we depict the change in
an agent’s probability of emigrating between the benchmark and actual cases (p iej* —Pij)
across percentiles of the distribution of agricultural abilities (z}) in each of the three re-
gions. Several interesting patterns emerge from the figure. First, we observe a nonlinear
(inverted-u-shaped) relationship between agricultural productivity and changes in migra-
tion probabilities, with variations across regions, consistent with our theoretical frame-
work. Second, among individuals with higher agricultural productivity, the decrease in
the emigration probability under the benchmark scenario relative to the actual case is more
pronounced in the Western Highlands-Verapaces-Center, particularly on the higher end of
the distribution, followed by the Dry Corridor-Izabal and Pacifico-Bocacosta.’® On average,
emigrants’ productivity under the benchmark scenario is 11.9%, 12.3%, and 13.9% lower
than in the actual case for the Western Highlands-Verapaces-Center, Dry Corridor-Izabal,
and Pacifico-Bocacosta regions, respectively.”’

Using data from the Living Standards Measurement Survey in Guatemala (ENCOVI
2014), we can compare the probability of emigration between a household located in the

26Appendix Figure D.2 illustrates how changes in emigration probabilities across the ability distribution vary
with . When o« = 0.5, high-ability individuals experience a sharper decline in emigration probability
compared to the case with « = 0.3 (or « = 0.4 in Figure 7), indicating stronger selection into domestic
agriculture once most distortions are removed in the benchmark scenario. This pattern is aligned with the
larger productivity and consumption gains reported in Table D.5 under & = 0.5. In contrast, migration
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FIGURE 7 Change in the probability of emigration across the distribution of abilities
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Note: This figure shows scatterplots of the change in the probability of being an emigrant between the benchmark and actual
cases (p -f; — p{;), plotted against the percentiles of the log of agricultural productivity (log(z{})), for each region: Western High-

lands—Verapaces—Center (left), Dry Corridor-Izabal (center), and Pacific-Bocacosta (right), where p f; corresponds to the benchmark
scenario and p ie]- denotes the actual case. The dashed line shows a polynomial fit to the data.

benchmark department versus other departments in each region for specific percentiles of
per capita household expenditure.”® Consistent with the findings above, Figure 8 shows
that households with higher expenditures (income), which could be regarded as more
productive, typically display a notably lower likelihood of emigration in the benchmark
department compared to other departments. In the case of Western Highlands-Verapaces-
Center, this lower probability is only observed for the 90 percentile, while in the other two
regions the probability differences grow steadily as income increases.”’

424 | Contribution of migration channel

In this subsection, we evaluate the contribution of the migration channel to provide some
guidance on the extent to which total productivity losses can be attributed to the emigration
of more productive individuals induced by distortions. If emigration is eliminated (for

responses remain limited for individuals with low or intermediate abilities at this value of «.

27The same pattern holds when considering the median productivity of emigrants instead of the average, though
the declines are relatively smaller. Specifically, the median agricultural productivity of emigrants decreases by
4.8%, 2.4%, and 8.4% in the Western Highlands-Verapaces-Center, Dry Corridor-Izabal, and Pacifico-Bocacosta
regions, respectively.

28The probability of emigration is obtained by regressing whether a household reports a recent emigrant (over
the past five years) on their annual per capita expenditure and its squared term. Expenditures are adjusted by
a geographic factor that accounts for price differences across locations, following the methodology established
by the National Institute of Statistics of Guatemala (INE). We perform separate regressions for each region
including as additional regressors the interactions of expenditures with an indicator variable to distinguish
between the benchmark and other departments and derive the corresponding predicted probabilities for
different per capita expenditure percentiles (10, 25, 50, 75, and 90 percentile).

P1In Appendix Figure D.3 we report the results of a similar exercise comparing predicted probabilities of
emigration in Pacifico-Bocacosta with the other two regions for different expenditure (income) percentiles. We
likewise find a lower probability of emigration among households with higher income in Pacifico-Bocacosta,
which exhibits a lower level of distortions than the other two regions.
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FIGURE 8 Difference in the probability of emigration between benchmark and other depart-
ments by different levels of household per capita expenditure
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Note: This figure shows the difference (in percentage points) in the probability of emigration between the benchmark and other depart-
ments in each region for different percentiles of household per capita expenditure, using data from the Living Standards Measurement
Survey in Guatemala (ENCOVI 2014). The percentiles reported include the 10th, 25th, 50th, 75th, and 90th percentile (pct).

instance, by sufficiently reducing the utility of emigrating across all regions) and the same
counterfactual experiments are conducted, aggregate agricultural productivity increases
by 29.3% in Western Highlands-Verapaces-Center, 40.9% in Dry Corridor-Izabal, and 14.2%
in Pacifico-Bocacosta. Compared to the respective gains in aggregate productivity in the
baseline case (see Table 6), this suggests that the migration channel accounts for 11.9%,
10.3%, and 1.3% of the total gains in each region, with the remainder driven by ‘pure’
misallocation.

At the national level, eliminating migration leads to a 30.1% increase in aggregate agri-
cultural productivity, with the migration channel accounting for 9.2% of this gain. This
highlights that while distortions affect productivity through both reallocation inefficien-
cies and migration, the latter plays a non-negligible role in shaping overall productivity
outcomes. Table 7 presents a summary of these results.

TABLE 7 Contribution of the migration channel to productivity gains

Region Change without Emigration (%) Migration Contribution (%)

Region 1 29.3 11.9
Region 2 40.9 10.3
Region 3 14.2 1.3
Total 30.1 9.2

Note: This table presents the contribution of the migration channel to agricultural productivity
gains. The second column shows the percentage increase in aggregate productivity between the
actual and benchmark scenarios when emigration is eliminated. The third column represents the
share of total productivity gains attributable to the migration channel, calculated as 100 minus the
percentage change in agricultural productivity without emigration relative to the total productivity
increase under the baseline. Region 1 corresponds to Western Highlands-Verapaces-Center, Region
2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta. Total refers to the aggregate, including
the three agricultural regions.

43 | Agricultural distortions and observable local characteristics

We now examine whether the quantified distortions in agricultural markets can be asso-
ciated with observable characteristics across areas that can help provide specific policy
recommendations. We work at the municipality level (instead of the department level) to
perform a more detailed assessment using a regression framework. In Table 8, we regress
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the corresponding agricultural distortions (captured by ;) derived at the municipality level
on a set of indicators obtained from multiple data sources. We consider two model specifica-
tions. In column (1) of the table, we include as regressors contextual variables that may be
correlated with agricultural distortions such as socioeconomic, accessibility, institutional,
and cultural indicators. We particularly include an occupational precariousness index, per
capita bank deposit accounts, mobile base stations (towers) per square kilometer, travel time
to the closest town of 20,000 habitants, government (public institutions) density index, and
share of indigenous population.> In column (2), we add as regressors climate vulnerability
and insecurity indicators, specifically an index of natural hazards and rate of extortions,
that may additionally be directly correlated with migration decisions.?! All variables were
standardized prior to the regression for comparability purposes. The regressions include
regional fixed effects and the reported standard errors are robust.

We find that financial penetration, measured through the number of bank deposit ac-
counts per person in a municipality, is negatively associated with agricultural distortions.
Considering that a higher financial penetration and inclusion can contribute to a more
formal and transparent economy and to the reduction of economic disparities (Cull et al.,
2014; Klapper et al., 2016; Demirguc-Kunt et al., 2017), the limited financial access in certain
locations could be playing some role in explaining distortions in agricultural markets.*?
We similarly observe that a lower road accessibility, measured through the average travel
time to the nearest town of 20,000 or more habitants, is positively correlated with agricul-
tural distortions, which suggests that reduced accessibility—leading to higher transaction
costs—may partly account for the observed distortions. This finding is in line with Britos
et al. (2022) who show that less accessible areas are less efficient. Government presence,
in turn, measured though the density of public institutions, is negatively associated with
agricultural distortions pointing to the importance of the public sector and institutional
presence in an area to reduce market inefficiencies, especially in a context of fragile and
severely limited government institutions (CRS, 2024). For the remaining indicators, includ-
ing the index of natural hazards and rate of extortions, we do not find statistically significant
correlations with agricultural distortions. This also suggests that the estimated contribution
of the modeled agricultural distortions on emigration, presented earlier, is not necessarily
driven by climatic or insecurity events.

Overall, policies promoting more financial inclusion, road infrastructure, and govern-
ment presence can be particularly helpful to reduce agricultural distortions and thereby
increase local productivity and attenuate emigration.

30The occupational precariousness index and government density index are obtained from the Food Insecurity
and Malnutrition Vulnerability Index (IVISAN) calculated in 2012 by the Secretary of Food Security and
Nutrition of Guatemala (SESAN); the per capita bank deposit accounts is obtained from the Superintendent
of Banks of Guatemala (SIB) for 2018; the mobile base stations per square kilometer is obtained from the
Superintendence of Telecommunications of Guatemala (SIT) for 2018; the travel time to the closest town
of 20,000 habitants is obtained from the International Food Policy Research Institute (IFPRI) typology of
micro-regions exercise performed in 2021; and the share of indigenous population is obtained from the 2018
Population and Housing Census implemented by the National Institute of Statistics of Guatemala (INE).

31The index of natural hazards, which comprises hydro-meteorological, geodynamic and geophysical disasters,
is obtained from the National Institute for Seismology, Vulcanology, Meteorology, and Hydrology of Guatemala
(INSIVUMEH) for the period 1530-2015 and the rate of extortions is obtained from INFOSEGURA-Guatemala
database for 2018.

32More generally, Buera et al. (2011) show that financial development can account for significant cross-country
differences in aggregate total factor productivity by inducing distortions across production units, which
ultimately affect measured productivity.
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TABLE 8 Relationship between agricultural distortions and observable characteristics at the
municipality level

Coefficient @ )
Dependent variable:

Agricultural distortions (1;)

Occupational precariousness index -0.156 -0.156
(0.095) (0.100)
Per capita bank deposit accounts -0.168** -0.170**
(0.074) (0.074)
Mobile base stations per square kilometer 0.036 0.037
(0.058) (0.059)
Travel time to closest town of 20,000 habitants ~ 0.178** 0.178**
(0.070) (0.071)
Government density index -0.141** -0.143**
(0.062) (0.069)
Share of indigenous population 0.008 0.009
(0.073) (0.073)
Index of natural hazards 0.003
(0.029)
Rate of extortions 0.000
(0.068)
Constant -0.155** -0.169
(0.073) (0.165)
Regional fixed effects Yes Yes
Observations 301 301
R-squared 0.062 0.062

Note: This table presents the results of regressing the estimated agricultural distortions (\»;) on
observable characteristics at the municipality level (each observation is a municipality). See the
main text for the definition of each regressor variable and source. All variables were standardized
prior to the regression. Robust standard errors reported in parentheses. *, **, *** denotes statistical
significance at 10%, 5%, and 1% level.

5 | CONCLUDING REMARKS

This paper examines the role of agricultural distortions as a key driver of emigration and
their effects on local aggregate productivity and welfare, using the case of Guatemala as an
example. We develop a theoretical framework where household members can either stay
in their country and work in the agricultural or non-agricultural sector, or emigrate, and
calibrate the model combining detailed micro and aggregate data. Our model identifies
two key channels through which agricultural distortions affect migration and aggregate
productivity: a migration channel, where distortions increase emigration among more
productive agents, thereby reducing aggregate productivity, and a productivity channel,
where distortions lead to factor misallocation, depressing incomes and encouraging cross-
border migration. Quantitatively, reducing distortions in the agricultural sector to the most
efficient department in each region can decrease the share of Guatemalan emigrants by
2.3 p.p., primarily among more productive workers—an amount equivalent to over 35%
of the Guatemalan population currently residing in the US—, while increasing aggregate
agricultural productivity by 30.1% and median household welfare by 4.5%.



BRITOS ET AL. 30

An analysis at the sub-national level further reveals that regions with higher distortions
tend to be more isolated and exhibit lower financial penetration and weaker government
presence. This points to the importance of enhancing connectivity between regions, address-
ing financial barriers, and broadening the reach of public institutions as possible effective
mechanisms to reduce agricultural distortions, avoid the need of people to relocate from
their communities, and enhance local well-being. Certainly, addressing these issues (and
others) require a combination of policies and interventions from the public and private
sector that may not necessarily take effect in the short term. While building more roads and
strengthening government institutions across the country require considerable resources
and time, interventions promoting financial support and market transparency to farmers are
probably more feasible and less costly to implement in the short run. Some examples include
providing institutional and financial support to farmer cooperatives and associations to
enhance their access to financial instruments and broader market information systems that
can help reduce information asymmetries and other market inefficiencies in the agricultural
sector. Similarly, reviewing current regulations and market interventions that may hinder
the efficient allocation of resources is advisable.

Finally, while our analysis focuses on Guatemala, the study implications can be extended
to other neighboring countries in the region that exhibit an important number of rural
migration to the US, such as Mexico, Honduras, Nicaragua, and El Salvador.®® Development
programs focusing on addressing distortions in agricultural markets can play some role,
whether directly or indirectly, in preventing people, especially productive workers in the
sector, to leave their communities while improving agricultural productivity and local
welfare. In the same vein, the study framework can be easily adapted to examine the role of
agricultural distortions on migration decisions in other regions, such as Africa and South
Asia, with a considerable outflow of migrants to Europe.

Bhttps://www.pewresearch.org/short-reads/2024/09/27/key-findings-about-us-immigrants/ (accessed
July 2025).
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A | PROOFS OF THE MIGRATION AND PRODUCTIVITY CHANNELS

In this Appendix, we provide formal proofs for the migration and productivity channels
discussed in Subsection 2.6.

A1 | Migration channel

We first show that, for individuals with low productivity in the agricultural sector (denoted
by zi), the change in the probability of emigration satisfies:

Pl —pfj* <0, forallj,

where p; represents the probability of emigrating from region j under distortions, and pf]-*
represents the probability under the benchmark case without distortions.

Proof For Gumbel-distributed utility random terms, the probability of emigrating for
individual i is given by:
exp (4°)

oo (3] v (1) o (2]

where U¢ is the deterministic component of the utility from emigration, assumed to be
constant across regions, while Uy and U{j are the deterministic components of the utility
from working in the non-agricultural and agricultural sectors, respectively.

For an individual with a low productivity z{', we argue that the change in the probability
of emigration satisfies:

o) el
exp( )+exp( )+exp( > exp( )+exp(uw)+exp<u>

Rearranging terms, yields:

up” uf; uy uf.
exp( G:; )—i—exp(%’) <exp(0€>+exP<G€J>.

Since wij = A"z}, the non-agricultural wage remains unaffected by distortions: wl] =
wij- That s, dlstortlons do not alter A™ or z{3, so the wage in the non-agricultural sector is
the same in the distorted and benchmark economies. For sufficiently mild distortions in
region j, this implies that u{]v ~ Uy 34

Thus, we obtain:
uf; uf,
j 15}
exp((ye) <exp<0e ,

34Al’chough w{‘;* = w{‘; , distortions raise the relative price of agricultural goods (p* < p), which reduces real

e
Py =

income and welfare, particularly for agents in the non-agricultural sector. Hence, U‘G-’* > U{‘j’. However, if
the change in p is small—for instance, when distortions are concentrated in a single region and the number of
regions is large—their impact on prices and welfare is limited, and we may approximate U{]Y* ~ U‘l"j’.
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which holds whenever:
f* f
Uy < Uy.
This inequality holds for individuals with low productivity in the agricultural sector.
The key mechanism is that distortions are weakest for low-ability agents, as Ti; decreases
with productivity. Consequently, these individuals receive higher income from profits and

lump-sum transfers—and attain higher utility—under distortions.

Next, we show that, for individuals with high productivity in the agricultural sector
(denoted by zy}), the change in emigration probabilities satisfies:

Phj —pﬁ? >0, forallj.

Proof For an individual with a high productivity z;, we argue that the change in the
probability of emigration satisfies:

exp (g—:) . exp (%:)

exp (g—:) + exp (%) +exp (i‘i") exp (1;—:) +exp <uUh€j > +exp (li’) .

Rearranging terms, yields:

upy uf’ up, uf.
exp ( (:: ) + exp ( (;:) >exp( (;:) + exp ( G?) :

Since w{;* = wﬁj, but p* < p, it follows that U}’L"; > U}’l"j. Therefore, we obtain:
f f
uhj Uhj
exp >exp| — |,
Oc Oc

i f

which holds provided that:

This inequality holds for individuals with high productivity in the agricultural sector.
The key mechanism is that distortions are strongest for high-ability agents, as Ti; decreases
with productivity. Consequently, these individuals receive lower income from profits and
lump-sum transfers under distortions, resulting in lower agricultural utility. As a result,

e e*
Phj =~ Phj-

In sum, for high-productivity individuals, distortions lead to a higher probability of
emigration compared to the benchmark case, highlighting their differential impact on
migration patterns discussed in Subsection 2.6.

Having demonstrated the migration channel of distortions, it is straightforward to show
that for two identical regions differing only in the degree of distortions in the agricultural
sector—one with high distortions (j = H) and the other with low distortions (j = L)—the
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emigration probabilities satisfy:

e e
PtH < Prr

e e
PhH = PhL/

indicating that the emigration probability for less productive agents (z{}) is lower in highly
distorted regions compared to their counterparts in less distorted regions, and vice versa for
highly productive agents (zf;).

Proof For an individual with low productivity (z{'), we want to show that emigration
probabilities satisfy:

exp (%) B exp (%:)

exp( )+exp< )+exp( f) exp( )+exp(uw)+exp(uf>.

Rearranging terms yields:

wy uf Ui uf
exp <01L> +exp ((}) < exp( . > +exp ( GIH>

Since the two regions differ only in terms of distortions, and wages in the non-agricultural
sector are given by wi} = A™z(j, it follows that wi} = wi},. Hence, non-agricultural utility
is equal: Uy} = U}Y,. Substituting this into the inequality gives:

£
L

uf; ufy,
exp(GE ) <exp< 0. |
which implies U, < Uf,,.

This results from distortions being defined so that Tyy > T and Th < Thr; thatis,
they are weaker for low-ability individuals in the high-distortion region, and stronger for
high-ability individuals. A low-productivity farmer thus receives relatively higher income
from profits and lump-sum transfers in the high-distortion region, while the opposite holds
for a high-productivity farmer. Therefore:

uf <ufy, and Uuf; >uf,.

It follows that a low-productivity individual in the agricultural sector (z{') has a lower
probability of emigration in the high-distortion region: py,; < pi;. Conversely, a high-
productivity individual exhibits a higher probability of emigration under high distortions:
PRH > PR

A2 | Productivity channel

Agricultural distortions reduce household incomes in both the agricultural and non-agricultural
sectors by inducing factor misallocation. We now show that this decline in incomes enhances
the relative attractiveness of foreign opportunities in equilibrium, thereby increasing emi-
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gration from both rural and urban areas. That is, even absent selection effects, distortions
that depress aggregate productivity increase the overall emigration rate.

To isolate the productivity channel—capturing the effect of income losses on the share
of emigrants—from the migration channel, which influences selection into migration, we
propose the following two-step comparison:

1. First, compute a closed-economy equilibrium with agricultural distortions, where in-
ternational emigration is not allowed. Let A® denote the agricultural productivity
parameter in this economy, and let Y@ be the resulting aggregate agricultural output. In
this scenario, aggregate productivity is reduced due to misallocation.

2. Next, consider a counterfactual open-economy equilibrium with no agricultural distor-
tions (i.e., Ti; = 1 for all 1, j), but where agricultural productivity is reduced to A{' < A¢
such that the same aggregate agricultural output Y¢ is obtained. That is, we replicate
the same productivity loss purely via a decline in A¢, without inducing misallocation.
This allows emigration while isolating the effect of income losses alone.

We aim to show that, under this change, the probability of emigration increases for all
individuals:

p§i(AL) > p5;(A®), foralliandj.

Proof Under the model’s multinomial logit structure, the probability that individual i in
region j chooses to emigrate is given by:

us

s
exp (Ge
a

us¢ Uy (A uf (Ae)\’
exp (70‘1) +exp ( UO('(; )) +exp < Uée )>
and similarly for A < A¢.

Since UJ is exogenous and unchanged, we need to verify that:

U (A9) 5A9) U (A{) U (Af)
exp T + exp T > exp T + exp T .

We examine each term on the left-hand side:

P% (A?) =

* Non-agricultural utility: A decrease in A® reduces the supply of the agricultural good,
raising its relative price p. This makes the subsistence agricultural consumption a more
costly, tightening the household’s budget constraint and lowering utility. Hence:

U(AY) > U (AD).

o Agricultural utility: Profits in farming are increasing in A%, so a reduction in A® reduces
incomes for all farmers. Hence:

Uf(A®) > Uf(AD).
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Combining these two results implies:

UuwAe uf. (A« Uw(As uf. (Ae
o (B (H8) (A1) (000
O¢ O¢ O¢ O¢

which confirms that:
Pi(AL) > p5;(AT).

Therefore, reducing A® to match the productivity loss induced by distortions—while
holding emigration open and abstracting from selection effects—leads to a strictly higher
probability of emigration for every individual. This completes the proof that misallocation,
through the productivity channel, increases the emigration rate.
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B | MODEL EXTENSION WITH AGRICULTURAL LABOR AND RURAL-
RURAL MIGRATION

The model setup is similar to the base model described in the main text, with one key
difference: based on the productivity draw, an individual born in region j can choose among
the following options: (i) farming in region j, where they use land and labor to produce the
agricultural good; (ii) working in the agricultural sector as a wage earner in any region; (iii)
working in the non-agricultural sector; or (iv) emigrating, provided that the welfare from
emigrating exceeds that of staying. The welfare of staying depends on the utility derived
from being a farmer or a worker in either the agricultural or non-agricultural sector.*

B.1 | Agricultural sector

Each farmer i in region j is endowed with productivity z{; and produces the agricultural
good with the following technology:

_aa,ajx. B
Yij = AT zilimy,

where A is the aggregate productivity in the agricultural sector, 1;; and ny; are the alloca-
tions of land and labor for the farmer, respectively, , 3 € (0,1), and oc+ 3 < 1.

The market is assumed to be competitive and the profit maximization problem for farmer
iin region j is defined as:

B a

ajx
l nij — qulJ 7WJ Tl.ij,

a a

Lij myj

where p is the economy’s relative price of the agricultural good, qj is the rental price of a
unit of land in region j, and w;" is region j’s wage in the agricultural sector —all in terms of
non-agricultural goods.

Given factor prices q; and wj“, relative price p, and {z{lj ,Tij}, the allocations of land and

labor for each farmer i in region j are determined by the following expressions:

}(176)/(1*‘9%(5) [ }1/(1*0645)

Ly = [ (o/B)(ws'/a;) B(p/wiAy

7

}tx/(l—tx—ﬁ) [ }1/(1—01—(5)

ny = [(“/B)(Wf/qj) B(p/wi' Ay

7

where Ay; = A‘lziaj’tij.

%5By assuming that an individual born in region j can only engage in farming within their region but can work
as a wage earner in other regions, we implicitly account for sufficiently high (prohibitive) costs associated with
directly farming in a different region. Although somewhat restrictive, this assumption aligns with existing
evidence.
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B.2 | Non-agricultural sector

We assume a linear production function in labor, which is the only factor used to produce
the non-agricultural good. The aggregate non-agricultural output is given by:

1
Yr=A"Y JO Wiz} di,
j

where Wy; = 1is a dummy variable equal to one if individual i from region j becomes
a worker in the non-agricultural sector and zero otherwise, zi; denotes the individual’s
productivity to work in this sector, and A™ is the aggregate non-agricultural productivity.

The market for the non-agricultural good is also assumed to be competitive. In equilib-
rium, the wage paid to each individual indexed by the pair (i,j) working in this sector is
equal to wij = A"z,

B.3 | The migration problem

The decision of an individual to emigrate is determined by maximizing welfare between
emigrating and staying. Specifically, each individual’s migration decision is defined as the
following problem:

max {Vg, V§h
Sij,Ei;€{0,1}

where Vg = U% + e{ij represents the utility of individual i, born in region j, for staying
in the country. This utility depends on U% (defined below) and a random variable e%,
which follows a Gumbel distribution as described in the main text. Similarly, ij = U]-e + ef]-
denotes the utility of emigrating, determined by the foreign wage (net of region-specific
moving costs) Uje, and an idiosyncratic random variable e’f]-, also following a Gumbel
distribution. Finally, 5;; = 1 indicates that the individual stays in the country, while [E; = 1
indicates that the individual emigrates.

B4 | The household’s domestic problem

Conditional on staying, the utility maximization problem for individual i born in region j is
defined as:

U% = max wlog(ciaj —a+(1-w) log(c{;)
$5:¢3

s.t. pciaj + c{; <Iy +T
I = max {n(z,ti5), Wi —biy, Wi, wic sy — kikl,
FFij, Wij,INy; Nt €{0,1}

where @ > 01is the subsistence level of consumption of the agricultural good, I;; is the income
level of the household as a function of the occupational decision, and w € (0, 1). The decision
problem for the individual is: (i) being a farmer (IF;; = 1), (ii) work in the non-agricultural
sector (Wy; = 1), (iii) work in region j’s agricultural sector (]N{). = 1), or (iv) work in region
k’s agricultural sector (]lej = 1), in which case she pays an idiosyncratic commuting cost
Kik, expressed in terms of non-agricultural goods. T represents the per capita transfers
received by households, including land rental payments from the government (assumed to



BRITOS ET AL. | 42

own the land) and lump-sum transfers from the redistribution of revenues collected through
the (distortionary) idiosyncratic tax on agricultural output, all distributed equally among
individuals and expressed in terms of non-agricultural goods.

Given the relative price p and income [, the solution to the household’s maximization
problem imply the following expressions:

a w(Iy +T) n

Cij = P (1—(1))(1,

cj=1—w)(ly+T)—(1-w)pa.

B.5 | Equilibrium

A competitive equilibrium is defined as a set of prices: {p, qj, wj'} for all j and wij = A"z for
all pairs (i, j); a set of occupational choices: {Wj;, IFy;, N%jllN]fj} for all (i,j, k # j); a set of
emigrate-stay choices: {Sj, Ey;} for all (i, j); a set of factor allocations for the farmers in each
region: {lij, ni;}; and a set of consumption allocations for all households: {ciaj , c{; }, such that

the markets clear.
The market clearing condition for land is defined as:

1
J IFij li]' di = I_)‘,' for all ]
0

The market clearing condition for agricultural labor is:

1 1
L ny; di = Zk L Nz, di =IN’; for allj.
Labor demand from farmers in j Total labor supply to region j

The market clearing condition for non-agricultural labor is:
1
> J Wi; di=W.
= JO
j
The market clearing condition for the agricultural good is:
1 1
ZJ C% di = ZJ TijIFijyij di.
— Jo = JO
j j
Lastly, the market clearing condition for the non-agricultural good is:
1 1
ZJ |:CI; + KikNwl'fj:| di=A" ZJ' WIJZE di,
— JO = JO
j j

where } ; f(l) Kik]N]fj di, for k # j, represents the total commuting costs expressed in terms
of the non-agricultural good.
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B.6 | Model mechanisms

As discussed in Section 2.6, distortions in this extended model affect aggregate productivity
and the emigration rate via two channels-the migration and productivity channels. Higher
agricultural distortions increase the emigration probability of more productive agents while
decreasing that of less productive agents, leading to a decline in aggregate productivity.
In addition, higher agricultural distortions drive factor misallocation, reducing household
incomes across both sectors, which, in turn, increases emigration from both rural and urban
areas.

Figure B.1 illustrates the change in an agent’s probability of being a farmer (upper panel)
and an emigrant (lower panel) between the distorted and benchmark cases, across the
distribution of agricultural abilities z{} in regions with low versus high distortions (left and
right panels, respectively). The analysis is based on simulated data, assuming regions are
identical in all aspects except for the level of agricultural distortions.

FIGURE B.1 Change in the probability of being a farmer and emigrant in low- and high-
distortion regions: Simulated data
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Note: The vertical axis displays the change in the probability of being a farmer p f j (upper panel) and an emigrant p iej (lower panel)

between the distorted and benchmark cases across the distribution of idiosyncratic agricultural abilities z{‘j in regions with low versus

high distortions (left and right panels). The horizontal axis represents the log(zfj ). The green dashed line shows a polynomial fit to the
observed data.

In regions with low distortions (left panels), changes in the probability of being a farmer
as well as that of emigrating are minimal across the ability distribution, with slight reduc-
tions (increases) in the probability of being a farmer (emigrating) observed for individuals
with higher agricultural abilities. In regions with high distortions (right panels), the prob-
ability of being a farmer (emigrating) decreases (increases) substantially for individuals
with medium-to-high agricultural abilities, suggesting a stronger incentive for these agents
to transition out of farming. In line with the baseline model discussed in Section 2, these
patterns highlight how higher distortions strongly encourage emigration among more
productive agents.

The main difference between the benchmark and extended models, as illustrated in
Figures 2 and B.1, lies in the introduction of new choices in the extended model—-specifically,
the options to become an agricultural worker (rather than a farmer) and to internally migrate
to another rural region while incurring a commuting cost. In this extended framework,
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distortions mainly impact the probabilities of being a farmer or emigrating for medium- to
high-ability agents. This is because agents now have the additional possibility of remaining
in a rural area as an agricultural worker, either in their current location or in another rural
location. Importantly, despite these added choices, the overall effects on the emigration rate
and aggregate productivity, which are central to our study, remain consistent with those
observed in the benchmark model.
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C | DATA AND CALIBRATION

C1 | Employment and migration shares

IF;, Wj, and Ej denote the shares for farmers, workers, and migrants, respectively, at location
j. To calculate these shares, it is necessary to define the corresponding data categories by
region. Table C.1 below summarizes the construction and data sources for each of these
categories.

Number of farmers. Using data from the 2018 Population and Housing Census (INE,
2020), we define farmers as individuals identified as either entrepreneurs or workers within
occupational categories related to market-oriented farming and skilled agricultural labor;
subsistence agricultural workers, fishers, hunters, and gatherers; and laborers in agriculture,
fishing, and forestry. This is the numerator used to calculate the share of farmers, IF;.

Number of Non-agricultural workers. Non-agricultural (NA) workers are defined as
all entrepreneurs and workers employed outside the agricultural sector, encompassing all
occupations not classified under farming, fishing, forestry, or subsistence activities. This
serves as the numerator in the calculation of the share of workers, Wj.

Number of international migrants. This corresponds to the stock of migrants from
each region of Guatemala working in the US. We focus on the US as it is by far the largest
destination country for Guatemalan emigrants. The total number of Guatemalan migrants
currently working in the US is obtained from the 2021 American Community Survey (US
Census Bureau, 2021). Since this dataset lacks information on migrants’ regional origins, we
calculate the regional share of individuals who migrated to the US between 2002 and 2018
using Guatemalan Census data (INE, 2020) and multiply these shares by the total number
of Guatemalan migrants currently employed in the US, to obtain an estimate of the number
of migrants from region j working in the US. This represents the numerator for calculating
the share of international migrants, [E;.

Number of employed people. The total number of employed individuals is computed
as the sum of the number of farmers, number of NA-workers, and number of international
migrants. This aggregate measure serves as the denominator to calculate the shares IF;, W,
and [E;.

C.2 | Agricultural production and income data

Our agricultural production dataset consists of microdata from the IV National Agricul-
tural Census (INE, 2003), the most recent agricultural census conducted in Guatemala,
corresponding to the 2002-03 crop year. The dataset includes information on crop output,
land allocation, production inputs, labor use, machinery and equipment ownership, and
producers’ socioeconomic characteristics by geographic location. Since the census does not
record agricultural income generated by crops, we use 2002 price data from the Ministry of
Agriculture, Livestock and Food of Guatemala (MAGA) to calculate crop-level revenues.*®

Table C.2 summarizes the construction and data sources for the key variables used to
estimate agricultural revenue and input use as well as non-agricultural income. We use this
information to estimate agricultural and non-agricultural productivity.

Total revenue. From the agricultural census, we obtain crop-level physical output, which
we multiply by the corresponding average monthly prices for 2002 from MAGA to compute
revenue per crop. We then aggregate these revenues at the producer level to derive total
revenue.

36Price data was retrieved from the Food Price Monitoring and Analysis Tool (MAGA, 2025).
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TABLE C.1 Definition of variables for employment and migration shares

Variable

Definition and Source

Number of farmers

Individuals classified as entrepreneurs or workers in agriculture, forestry,
or fishing, including market-oriented farmers, skilled agricultural work-
ers, subsistence agricultural workers, fishers, hunters, gatherers, and

agricultural laborers.
Source: 2018 Population and Housing Census (INE, 2020)

Number of non- All employed individuals (entrepreneurs and workers) in occupations

agricultural workers  outside of agriculture, forestry, and fishing.
Source: 2018 Population and Housing Census (INE, 2020)

Number of interna- Stock of Guatemalan migrants working in the U.S., allocated across
tional migrants regions using the 2002-2018 regional migration shares from the

Guatemalan Census.

Source: 2021 American Community Survey (US Census Bureau, 2021); 2018

Population and Housing Census (INE, 2020)

Number of employed Sum of the number of farmers, non-agricultural workers, and interna-

people tional migrants.

Land input. We use land allocated to permanent and seasonal crops as our measure of
land size.

Labor input. We consider labor used in the farm as our measure labor input. Unfor-
tunately, the dataset does not provide information on labor allocation by crop. Labor is
measured as the number of people involved in farm work, including both family members
and hired workers.

Non-agricultural income. We obtain non-agricultural income data from the 2019 Na-
tional Survey of Labor and Income (INE, 2019). Non-agricultural income is defined as wages
and earnings from activities outside the agricultural sector in which the worker is engaged.

C.3 | Estimation of agricultural and non-agricultural productivity

Agricultural TFP and productivity. Based on our framework, we define total factor produc-
tivity (TFP) as the following;:

Yij
TFPU == 17 ’

Y

where y; is farm’s i total revenue by unit of labor at region j, and 1;; is the farm’s total land
used by unit of labor.

In our setting, TFPy; is equivalent to the farmer’s agricultural ability z{. We estimate
this productivity measure following the two-stage approach of Britos et al. (2022). First,
we derive a measure of z{; using the equation above and the previously described data
from the IV National Agricultural Census (INE, 2003) and Food Price Monitoring and
Analysis Tool (MAGA, 2025). Second, to account for observable factors not included in the
theoretical framework that could influence our productivity measure, we estimate z{; using
the following regression by region j:
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TABLE C.2 Definition of variables for the estimation of productivity

Variable Definition and Source

Total revenue Physical output by crop is obtained from the IV National Agricultural
Census. Each crop’s output is multiplied by its average monthly price
in 2002, sourced from the Ministry of Agriculture (MAGA). The total
revenue per producer is the sum of crop-level revenues.

Source: IV National Agricultural Census (INE, 2003); Food Price Monitoring
and Analysis Tool (MAGA, 2025)

Land input Total land used for both permanent and seasonal crops.
Source: IV National Agricultural Census (INE, 2003)

Labor input Total number of individuals working on the farm, including family
members and hired workers. Labor is measured at the farm level, not by
crop.

Source: IV National Agricultural Census (INE, 2003)

Non-agricultural Income earned from non-agricultural employment or activities, includ-
income ing wages and earnings from self-employment outside agriculture.

Source: 2019 National Survey of Labor and Income (INE, 2019)

Yipj 1y1 2y2
log (l"‘) = BjXipj + BjXip; +Mp + €ipj,

where X%p j is a vector of controls that includes age and sex of farmer i in village p at region
i; X%p j is a vector that includes farmer’s years of education, the ratio of farm labor from
household members over total farm labor, if the farmer has machinery and equipment, use
of high-performance seeds, use of fertilizer and pesticides, if farm has an irrigation system,
if farmer has livestock, and number of different crops produced; 1y, is a fixed effect term
at the village level, which accounts for unobserved differences across locations that can
contribute to productivity differences such as biophysical and accessibility factors; and & p;
corresponds to the residual.

Based on the regression estimations, we obtain the residual £;; and the coefficients
corresponding to age and seXx, B)l, to estimate the farmer’s agricultural productivity z;;.%
This is equal to:

log (2?]) = G}X% + éij'

where B}X% reintroduces the influence of age and sex and ¢ captures unobserved produc-
tivity. We remove the top and bottom percentiles to account for outliers.

We then compute the region-specific mean of log(Z{j), denoted by (i, and the standard
deviation of the regression residuals, denoted by 65'. These parameters are reported in

37Age and sex are included in the regression above to control for the potential ascendancy and advantage
position of older and male farmers that is typical in rural Guatemala (especially among Mayan cultures),
which could be correlated with asymmetric land allocation (and input access) patterns beyond a farmer’s
inherent skill; these two exogenous variables are then put back into our productivity measure.
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Table C.3.

TABLE C.3 Means and Standard Deviations of Agricultural Productivity by Region

Region Mean (ﬁja) Std. Dev. (6].‘1)
Region 1 1.31 0.90
Region 2 1.39 1.05
Region 3 1.47 1.12

Note: This table reports the region-specific means and standard deviations of the estimated log-
normal agricultural productivity, log(2{;). The mean A" is calculated as the average of the model-
predicted productivity measure, B}X{l + £4j, and the standard deviation &' is the dispersion of
the regression residuals. Region 1 corresponds to Western Highlands-Verapaces-Center, Region 2
to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.

Agricultural TFPR. We define revenue-based total factor productivity (TFPR) as the
following:

TFPRy; = ?l
1]

To calculate the TFPRy; we plug 2§ into yi; and obtain:

21
TFPRy; = 11) =2,
ij

From the measures of TFP and TFPR across i, we calculate each region’s j mean, stan-
dard deviation, and correlation. These statistics are used in the estimation of the regional
distortions, Ty;.

Non-agricultural productivity. We estimate non-agricultural productivity in a similar
fashion as the agricultural productivity. Using data from the 2019 National Survey of Labor
and Income (INE, 2019), we first run the following estimation:

log (NA Income;p) = 7\1W11]D + 7\2Wizp + bp +Vip,

where NA Incomey,, is the non-agricultural (NA) income reported by worker i in sampling
unit p; W%p is a vector of controls that includes the age and sex of the worker; Wizp cor-
responds to the worker’s education; ¢, is a fixed effect term at the sampling unit level
controlling for unobserved heterogeneity between locations influencing income; and vy, is
the residual.

As in the estimation of 2&

{j- the non-agricultural productivity 2 is equal to:

log (£1%) = A'W{ + 9.

From this measure of non-agricultural productivity, we keep individuals living in urban
areas and remove the top and bottom percentile. The resulting mean and standard deviation
for the non-agricultural productivity are i"™ = 0.8 and 6™ = 0.59.
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D | OTHER TABLES AND FIGURES

TABLE D.1 Region characteristics

Variable Western Dry Pacifico- Within- vs
Highlands- Corridor- Bocacosta Between-
Verapaces- Izabal region
Center variation
ANOVA
(p-value)

Travel time to closest town of 20,000 habitants (hours) 1.317 1.503 0.761 0.091
(0.514) (0.603) (0.122)

Risk of frosts (index 0-1) 0.240 0.013 0.002 0.008
(0.197) (0.016) (0.001)

Risk of droughts (index 0-1) 0.647 0.760 0.497 0.014
(0.118) (0.112) (0.147)

Risk of floodings (index 0-1) 0.061 0.246 0.247 0.087
(0.085) (0.259) (0.193)

Geodynamic and geophysical disasters (index 0-10) 3.555 1.611 4.981 0.006
(1.876) (0.360) (0.853)

Government density (index 0-1) 0.206 0.258 0.224 0.001
(0.021) (0.020) (0.021)

Share of indigenous population (0-100) 70.088 18.046 20.490 0.000
(24.290) (14.772) (14.888)

Share of households Spanish main language (0-100) 42.515 93.461 93.243 0.000
(27.546) (11.188) (4.895)

Poverty rate (0-100) 69.172 60.443 59.990 0.185
(12.696) (7.735) (4.384)

Chronic malnutrition rate (0-100) 43.105 25.942 23.897 0.002
(10.781) (8.394) (5.233)

Number of departments 10 6 4 20

Note: This table presents average characteristics of the regions considered for the analysis (standard deviations
reported in parentheses). The Western Highlands-Verapaces-Center region includes 10 departments; Dry Corridor-
Izabal region includes 6 departments; and Pacifico-Bocacosta region includes 4 departments. The travel time
to the closest town of 20,000 habitants is obtained from the International Food Policy Research Institute (IFPRI)
typology of micro-regions exercise performed in 2021; the risk of frosts, droughts, and floodings and the government
(public institutions) density index are obtained from the Food Insecurity and Malnutrition Vulnerability Index
(IVISAN) calculated in 2012 by the Secretary of Food Security and Nutrition of Guatemala (SESAN); the index
of geodynamic and geophysical disasters is obtained from the National Institute for Seismology, Vulcanology,
Meteorology, and Hydrology of Guatemala (INSIVUMEH) for the period 1530-2015; the share of indigenous
population and households with Spanish as the main language reported by the head are obtained from the 2018
Population and Housing Census implemented by the National Institute of Statistics of Guatemala (INE); the poverty
rate is obtained from INE for 2014; and the chronic malnutrition rate for school children in first grade is obtained
from the 2015 Height Census in Schoolchildren implemented by INE. The last columns reports the results (p-value)
of a one-way ANOVA comparing within- versus between-variation across regions in the reported variables (Hy: all
region means are equal).
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TABLE D.2 Land rentals and perceived prices of best land

Region % Renting Land Mean Price Std. Devw. cv
Region 1 24.6% 26.47 40.25 1.52
Region 2 45.4% 18.13 30.71 1.69
Region 3 61.9% 32.88 38.98 1.19

Note: This table presents the percentage of rural individuals who report renting land from others over the past
12 months (column 2), the average perceived price (in quetzales per vara?) of the best land in the municipality
where the individual is located (column 3), the standard deviation of the perceived price (column 4), and the
resulting coefficient of variation (column 5), disaggregated by region. The data is obtained from a three-year
panel survey conducted between 2012 and 2014 by IFPRI, covering 176 of Guatemala’s 340 municipalities. The
survey was conducted as part of the evaluation of a large-scale program implemented by the Government of
Guatemala to reduce food insecurity and malnutrition, focusing on the poorest areas with the highest stunting
rates. Region 1 corresponds to Western Highlands-Verapaces-Center (4,788 observations), Region 2 to Dry
Corridor-Izabal (625 observations), and Region 3 to Pacifico-Bocacosta (139 observations).
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TABLE D.3 Targeted moments and parameter results (x = 0.5)

Moments Data Model
Share of Emigrants from Region 1, [Eq 16.50 16.50
Share of Emigrants from Region 2, [E; 13.80 13.80
Share of Emigrants from Region 3, E3 8.70 8.70
Corr(TFP;, TFPR;) 0.58 0.58
Corr(TFP,, TFPR;) 0.65 0.65
Corr(TFP3, TFPR3) 0.59 0.60
S.D.(TFPR;) 0.76 0.76
S.D.(TFPRy) 0.97 0.97
S.D.(TFPR3) 0.86 0.88
Share of Workers from Region 1, Wy 5220  52.96
Share of Workers from Region 2, W 54.90 55.61
Share of Workers from Region 3, W3 62.50 61.84
Parameter Value
Utility of emigrating from Region 1, U; 0.79
Utility of emigrating from Region 2, U, 0.55
Utility of emigrating from Region 3, Us 0.65
Association between zf]. and 7y in Region 1, ] 0.12
Association between z% and 7y in Region 2, ;| 0.13
Association between z{lj and Ty in Region 3, b3 0.07
Dispersion of Ty; in Region 1, T 0.53
Dispersion of Ty; in Region 2, 05 0.65
Dispersion of Ty; in Region 3, o3 0.58
Gumbel scale-parameter Region 1, of 1.24
Gumbel scale-parameter Region 2, o5 1.45
Gumbel scale-parameter Region 3, 05 0.82

Note: This table displays the targeted moments from the data and their corresponding model-generated
counterparts, as well as the values of the estimated parameters. Moments include the share of emigrants,
correlations between total factor productivity TFP and revenue-based total factor productivity TFPR, stan-
dard deviations of TFPR, and Gumbel scale-parameters, for each region. Region 1 corresponds to Western
Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.
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TABLE D.4 Targeted moments and parameter results under the benchmark scenario (x = 0.5)

Moments Data Model
Corr(TFPy, TFPR;) 044 044
Corr(TFP,, TFPR;) 0.52 0.52
Corr(TFP3, TFPR3) 0.51 0.51
S.D.(TFPR;) 053 053
S.D.(TFPRy) 0.65 0.64
S.D.(TFPR3) 0.80 0.77
Parameter Value
Association between z{‘]- and Tyj in Region 1, ] 0.053
Association between zia]. and 7yj in Region 2, ;| 0.069
Association between zi“j and 7yj in Region 3, (3] 0.052
Dispersion of Ti; in Region 1, 6T 0.44
Dispersion of Ty; in Region 2, o3 0.50
Dispersion of Ty; in Region 3, o3 0.59

Note: This table displays the targeted moments from the data on the benchmark departments within their re-
spective regions and their corresponding model-generated counterparts, as well as the values of the calibrated
parameters. Moments include the correlations between total factor productivity TFP and revenue-based
total factor productivity TFPR, and the standard deviations of TFPR. Region 1 corresponds to Western
Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta.
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TABLE D.5 Changes in emigration, non-agricultural employment, agricultural productivity,
and median consumption between actual and benchmark scenarios under alternative values for
the land elasticity of output (o)

Panel A: x = 0.3

Region A Share of A Share of A Agricultural A Median
Emigrants (p.p.) Workers (p.p.) Productivity (%) Consumption (%)

Region 1 -3.0 0.6 19.2 4.5
Region 2 24 -0.6 32.8 8.5
Region 3 2.2 2.4 19.6 7.8
Urban -2.4 2.4 - 13.3
Total -2.7 1.2 21.7 8.4

Panel B: o« = 0.5

Region A Share of A Share of A Agricultural A Median
Emigrants (p.p.) Workers (p.p.) Productivity (%) Consumption (%)

Region 1 -15 1.0 37.6 13.1

Region 2 -1.2 0.8 49.4 12.9

Region 3 -0.9 2.7 24.8 10.0

Urban -1.0 1.0 - 11.2

Total -1.3 1.2 37.1 11.7

Note: This table presents changes in the emigration share (E;), the share of non-agricultural workers (W), aggregate
agricultural productivity, and median consumption when moving from the actual to the benchmark scenario in each
region, for « = 0.3 (Panel A) and & = 0.5 (Panel B). Changes are expressed in percentage points (p.p.) for emigration and
employment shares and in percentage terms (%) for aggregate productivity and median consumption. Region 1 corresponds
to Western Highlands-Verapaces-Center, Region 2 to Dry Corridor-Izabal, and Region 3 to Pacifico-Bocacosta. Total refers to
the aggregate, including the three agricultural regions and the urban region.
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FIGURE D.1 Comparison of actual vs. no-distortion output
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Note: The figure shows scatterplots comparing the actual output (log(y ), vertical axis) with the hypothetical no-distortion
output (log(y ), horizontal axis) for the three regions: Western Highlands-Verapaces-Center, Dry Corridor-Izabal, and
Pacifico-Bocacosta. Each red dot represents an individual observation, while the dashed red line represents the 45-degree
line where actual output equals no-distortion output. Deviations from the line indicate the extent of distortions in output.
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FIGURE D.2 Change in the probability of emigration across the distribution of abilities
under alternative values for the land elasticity of output (x)
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Note: This figure shows scatterplots of the change in the probability of being an emigrant between the benchmark and actual
cases (p f]* - pfi ), plotted against the percentiles of the log of agricultural productivity (log(zic‘j )), for each region: Western High-
lands—Verapaces—Center (left), Dry Corridor-Izabal (center), and Pacific-Bocacosta (right), for o = 0.3 (top panel) and « = 0.5 (bottom
panel), where p f; corresponds to the benchmark scenario and p iej denotes the actual case. The dashed line shows a polynomial fit to the
data.
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FIGURE D.3 Difference in the probability of emigration between Pacifico-Bocacosta and
other regions by different levels of household per capita expenditure
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Note: The figure shows the difference (in percentage points) in the probability of emigration between Pacifico-Bocacosta versus Western
Highlands-Verapaces-Center and Dry Corridor-Izabal for different percentiles of household per capita expenditure, using data from the
Living Standards Measurement Survey in Guatemala (ENCOVI 2014). See the main text for details on the derivation of the probabilities.
The percentiles reported include the 10th, 25th, 50th, 75th, and 90th percentile (pct).
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