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Resumo

Esta pesquisa usa dados detalhados da FAO GAEZ sobre potenciais de produtividade agricola
para medir os impactos mudancas de preco e climdaticas na oferta de culturas agricolas. Aplicamos
um modelo de escolha discreta para descrever as decisdes do agricultor sobre o uso da terra.
Utilizamos uma abordagem de coeficientes aleatérios que permite padroes de substituicao flexiveis
entre culturas, o que fornece uma nova visdo sobre as elasticidades de pregos cruzados entre
culturas e sobre os possiveis impactos das mudancas climaticas. Os resultados apontam para
um maior impacto dos pregos das culturas voltadas a exportagdo sobre as demais, mas ha uma
clara especializacdo geografica que limita esse impacto. Além disso, os resultados mostram que a
oferta de alimentos pode variar muito de acordo com os cendrios climaticos, que impactam as

vantagens comparativas totais no pais e a distribuicdo geografica da producao agricola.

Palavras-chave: modelos de escolha discreta, escolha de culturas, mudanca climatica



Abstract

This research uses detailed data from FAO GAEZ on agricultural potential yields to measure
the impacts of price and climate change on crops supply. We apply a discrete choice model
to describe farmer’s decisions on their land use. We use a random-coefficients approach that
allows for flexible substitutions patterns between crops, which provides new sight on cross-price
elasticities between crops and on the possible impacts of climate change. Results point to
higher impact of export oriented commodities prices on others, but there is a clear geographical
specialization that limits that impact. Also, the results show that food supply may vary a lot
according to climate scenarios, which impact total comparative advantages in the country and

the geographical distribution of production.

Keywords: discrete choice model, crop choices, climate change
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Chapter 1

Introduction

Hunger is still a concern in the world, affecting around 8.9% of the population according to
The State of Food Security and Nutrition in the World 2020 (by the Food and Agriculture
Organization from the United Nations). Also, according to the study, two billion people do not
have regular access to safe, nutritious, and sufficient food. Latin America and the Caribbean
are where food insecurity is rising faster in the world. Both the lack of access to food and to
food variety are current issues. The change in relative prices of food can impact this access.
Climate change is another important factor that can impact access to food as it tends not
only to influence agricultural productivity, but also to shift comparative advantages in food
production. Change in climate conditions has the potential to exclude some crops from the food
supply, interfering in nutrient access. This research aims to understand first how food supply
reacts in Brazil to price or climate changes, which is a first step studying the whole issue. By
understanding how, for instance, corn prices might affect beans or sugarcane production allows
us to have a better understanding of how an increase in corn demand will impact the supply of
those crops.

Understanding how crop choices react to economic or environmental changes is key
when discussing food supply. Farmers decisions directly impact issues such as nutrient security
(regular access to nutritional food). In this paper we apply a discrete choice model to understand
how price changes in commodities or even climate changes affect food supply via crop choices.

Due to economic and population growth, countries such as China have been increasing
the consumption of cereals, in part as input of meat production. Chinese average individual
meat consumption has risen from around 20 kg in the 1980’s to over 60 kg in the last few decades.
Meat production in the world was around 70 million tones in the 1960’s and was 330 million tons
in 2017 and this is highly associated with economic growth and rise from poverty. Therefore,
cereals have been increasing in demand not only for direct consumption but also as livestock
food. This increase in demand explains the rise in some cereals production as well.

This rise in demand of crops such as soy or corn has impacted the Brazilian food
supply. The harvested area of corn in Brazil has increased from around 11.6 million acres in
2006 to around 15.7 million in 2017, while for soy the change was from 17.8 million acre to 30.7

million according to the Brazilian Agricultural Census.



The main types of land use are: livestock (cattle raising and other animals), tempora
crops, permanent crops, planted and native forests. We focus on land dedicated to temporary
crops, whose area has increased 25% between 2006 and 2017, moved mainly by export intensive
crops such as soybeans and maize (corn). Crops such as sugarcane, cotton or cassava are
historically important in Brazil and also have an important role in the national economy.

This research will approach the analysis of food supply by land use choice, following
the literature of discrete choice models with random-coefficients. Each farmer chooses between
crop options or the outside option, which includes other temporary crops not included in the
model or even the other land uses such as pasture. The farmer plants the option that gives the
highest return to the land according to the selling price of the harvest, transport costs and land
suitability.

Land suitability includes both potential yields for each crop in that land, which is
available at the FAO GAEZ database, and cost generated by the land characteristics such
as elevation or slope. Therefore, both economic changes that affect returns to planting each
crop - such as a price increase of soybeans or corn - or climate that influence land suitability
impact the land shares dedicated to each culture. The availability of micro-level data on land
characteristics that affect the return of each crop and region-level data on land utilization
motivates the random-coefficients approach. The estimation resembles the one described in
Berry et al. (1995). We use the data of 2006 and 2017 Census on land utilization shares for each
crop per Brazilian Mesoregions to match with the pixel-level data from FAO GAEZ.

The random-coefficients specification generates flexible substitution patterns that
allow us also to estimate more realistically the impact of price or environmental shocks in the
agricultural production. This specification is the main contribution to the related literature on
land-use choices and climate change impact on agriculture, as it uses the distribution of the
available data to capture the economic and climate changes more realistically.

In this paper we will conduct two main counterfactuals: the first set of exercises studies
the sensitivity of supply to price (or to returns). Second, we will use the projections from the
FAO GAEZ database for the potential yields for 2050 and 2080. These predictions allow us to
estimate the impact of climate change in crop supply, according to the scenario. Therefore, this
research aims to understand some of the main forces that might impact the agricultural market
in Brazil, which has serious implications in welfare.

The research is organized as follows. Section 2 describes the existing literature on
discrete choice models applied to agriculture and also introduce part of the work on agricultural
trade and economic development that relates to the article. Section 3 describes the data used
and the sources. Section 4 outlines some important aspects of the Brazilian agricultural market
to this research. Section 5 opens the model used in the research and describes the estimation
procedure and the counterfactuals. Section 6 presents the main results from those counterfactual

exercises and finally the conclusions are drawn at Section 7.



Chapter 2

Literature

This research applies the Industrial Organization framework of discrete choice models to the
study of farmers crop choices. The estimation procedure resembles the one introduced by Berry
et al. (1995) and Nevo (2000), which propose an estimation routine to a discrete choice model
with random-coeflicients. This discrete choice approach allows the estimation to have more
flexible substitution patterns, which is the advantage when comparing to other approaches
common in the trade, agricultural economics and development literatures.

There is already a literature that explores discrete choice models to agriculture and
pasture, both applying static and dynamic models. The literature focus on the choice between
crop, pasture or other uses of the land and also the choices between two crops. This research aims
to understand the substitution patterns between the main temporary crops in Brazil, instead of
focusing on those choices in the literature.

Part of the literature uses mixed multinomial logit models to study agricultural land-
use change, such as Hitayezu et al. (2016). Also, Letort and Carpentier (2009) develop further
the theoretical background of the multinomial logit acreage share models. Lubowski et al. (2006)
use nested logit specification when modeling the probabilities of transitions among land uses as
functions of the anticipated economic returns to alternative uses for the data in the USA. They
use that structure based on the premise that land uses with more similar characteristics will
have higher cross elasticities. The random-coefficients conditional logit approach, which comes
from Berry et al. (1995) and is adapted here, allows for more flexible and realistic substitution
patterns than nested or multinomial logit models, as it accounts not only for market shares of
each crop, but also land and crop characteristics. In that line, Soto Arriagada (2005) uses a
Mixed Logit model to show how farmers employ land allocation as an adaptation mechanism in
the face of a changing environment. Another related work is Claassen and Tegene (1999), which
uses a discrete choice model to analyze land use choices between crop production and pasture in
the Corn Belt. The results also show that conversion probabilities depend on relative returns,
land quality, and government policy.

Some dynamic models are also used to understand farmers decisions, specially between
decisions that impact more than one agricultural year. Scott (2014) develops a framework for

analyzing land use change with dynamically optimizing landowners, using data from the United
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States. That is, the author uses a dynamic model to incorporate the decision of planting or not
crop in the land. The paper estimates a relatively large long-run cropland price elasticity of 0.3.
The empirical approach accommodates unobservable market-level shocks as well as unobservable
heterogeneity. Ji et al. (2014) uses data from land use in Iowa. They find that, on average,
the individual elasticities of corn and soybean choice are largest for the static model, followed
by the state dependent model and dynamic models. This happens mainly because the farmers
represented by the static model will not consider the rotation effects and the future effects of
the current decision, so they will interpret the temporal price change as a permanent change
and respond to price changes more dramatically.

The agricultural trade and economic development literature is also worth mentioning
here. This literature studies the impacts of agricultural shocks on welfare and has some key
papers that investigate the impacts of climate change in agriculture.

Costinot et al. (2016) quantify the consequences of micro-level shocks from climate
change, according to predictions from the Food and Agriculture organization of the UN (FAO).
They use the Global Agro-Ecological Zones (GAEZ) data set on agricultural potential yields
to observe the evolution of comparative advantage across space. They estimate the impact of
the different effects of climate change between crops, which therefore have different effects on
countries and might be dampened by amendments through production and trade. This work
is closely related to our research as it proposes to measure the impacts of climate change on
the agricultural markets. Although this framework allows us to look at the problem in market
equilibrium, the random-coefficients approach contributes with substitution patterns that account
for the distribution of characteristics and the suitability of each crop. Therefore, our main
contribution for this literature is to estimate broader cross-elasticities of supply between crops,
that depend on the distribution of the FAO GAEZ potential yields and the other characteristics
that affect farmer’s profit. This random-coefficients specification offers more flexible substitution
patterns that allow for a deeper understanding of the impacts of climate change on crop supply.

Part of the literature also measures the effects of changes in costs and the interaction
with other markets. Sotelo (2020) develops a model of agriculture to study the relation between
trade, productivity, and welfare in Peru. The paper develops a quantitative model of specialization
and trade where farmers can choose the crop to plant on land that vary on quality. The model
considers the impact of domestic trade and transport costs. Pellegrina (2020) measures the
effects of shocks in agricultural productivity on other sectors. The paper studies the impact of
the adaptation of soybeans to tropical regions, which effects agricultural employment, GDP,
and welfare. Also, Farrokhi and Pellegrina (2020) develops a general equilibrium model to
analyze the impact of globalization in agriculture via crop and technological choices. The
random-coefficients specification that we apply in this research also contributes to this literature
by exploring the distribution within regions of the micro-level data on land characteristics and

offering substitution patterns between land uses that account for that distribution.



Chapter 3

Data

This research will require both field-level data on land characteristics and municipality level
data on planted shares for each crop.

We will use the data of land use shares per crop from the Brazilian Agricultural Census
because it is the most reliable source as it is collected by farm-to-farm questioning.! The Census
has information for 1995, 2006 and 2017, but here we will use the 2006 and 2017 Census as they
offer enough variation for the identification as it will be discussed in Section 5.3.

The Agricultural Census is detailed at the municipality level, but in this research we
will use Mesoregions as the markets in the estimation.? This choice was to reduce the number of
markets and allow the estimation to be computationally lighter. Also, Mesoregions allow for
more variety of crops per market. Some Municipalities might show zero share of some crops that
might be a choice in that area. That is less common with Mesoregions as it is a more aggregated
market.

In Section 4 we show some data and key information from the Agricultural Census,
which allows to better understand how the data connects to the model.

We also use pixel-level data on potential yields and field characteristics from the Food
and Agriculture Organization (FAO) from the UN. The FAO database has information on soil
nutrients, slope, elevation, and potential yields. The FAO Global Agro-Ecological Zones (GAEZ)
project has estimations on the potential yield for each 5 minute by 5 minute latitude/longitude
grid (each Agro-Ecological Zone).

The potential yield is an estimate of the maximum attainable yield (tons per acre) for
that crop on that field. The database has information that varies not only by crop, but also
by level of irrigation and inputs. The agronomic GAEZ models combine inputs such as soil
characteristics, temperature or light exposure to choices of irrigation or fertilization levels and

to information of each crop to estimate the potential yields. We use data on field elevation and

!The data on crop shares has two main sources: IBGE PAM or the Agricultural Census from IBGE. Both
have data detailed by municipality, but IBGE PAM has yearly data while the Census is done less frequently. The
IBGE PAM search is done using estimations and not farm-to-farm census

2Brazil can be divided by Municipality, States, Microregions, Mesoregions and Macroregions. Mesoregions are
groups of Microregions, which are more narrow groups of Municipalities. The divisions between Mesoregions takes
into account factors such as social or economic similarities. There are 137 Mesoregions in Brazil.
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slopes in the cost function described in Section 5. The slope data is divided into 8 categories, we
use the data of how much of each field fits in each category.The categories are: slope smaller
than 0.5%, between 0.5% and 2%, between 2% and 5%, between 5% and 10%, between 10% and
15%, between 15% and 30%, between 30% and 45% and higher than 45%.

Figure 3.1: Potential yields Soybeans and Maize
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The maps in Figures 3.1a, 3.1b, 3.1c and 3.1d show, respectively, the potential yields
distribution of soybeans, maize, wheat and cassava in Brazil. We also use the GAEZ data for
the potential yields of cotton, frade beans, sorghum, sugarcane and rice.

The potential yields also vary with time. The database has information on yearly yields
for some crops in some regions from 1960 to 2000. However, for most regions and crops they
only have information for a baseline period (1960 to 1990), which this research will use. There
are also predictions according to climate scenarios, which will be applied in the counterfactual
exercises. Figure 3.2 exemplifies the difference for soybeans and cassava between the baseline

time (present) and one of the scenarios for 2080.

Figure 3.2: Potential yields - comparison with future scenarios

Soybean potential yields (tha)

0 - ) ’ Soy potential yields (t/ha) -0
i 5
£
i > 3
2
|
0

5
4
3
2
1
0

70 50 50 40

(a) Soybeans - baseline period (b) Soybeans - 2080 - H3A1 scenario

Cassava potential yields (tha) 10 Cassava potential yields (ha)
12

70 60 50 40

(c) Cassava - baseline period (d) Cassava - 2080 - H3A1 scenario

As we can see, there are scenarios of depreciation of potential yields in Brazil that
might impact the supply of crops and will be accounted for in the counterfactual exercises.

The GAEZ projections vary both weather conditions and carbon dioxide levels. The
UN’s Intergovernmental Panel on Climate Change program projects weather conditions according
to general circulation models (GCM) under Special Report on Emission Scenarios (SRES). That

is, each SRES represents a narrative on social, economic, demographic, technological and
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environmental for the end of the century. The SRES are broken into families of scenarios for
which the IPCC program projects emissions of greenhouse gases and sulfur. The inputs for the
GAEZ comes from the GCMs, which are made independently by groups of climatologists. The
GAEZ scenarios are combinations of 11 GCM-SRES pairs, and here we use the scenarios for
2050 and 2080 in the counterfactual exercises. As in Costinot et al. (2016), here we will use
the Hadley CM3 A1FT (H3A1) model as example - the authors describe it as an upper bound
for welfare between scenarios but in figures 3.2b and 3.2d we can see that in this scenario the
Brazilian North loses a lot of productivity.

The information on prices come from the CEPEA-USP market data and the distance
used is the euclidean distance from the field to the closest port. Here we make the assumption
that prices are exogenous and come from international markets, so instead of using local market
prices we use the prices for the main markets in Brazil. The prices used here where the average
prices in that year, that is, we assume here that the farmers make decisions on a yearly basis
taking into account the current prices of the crops they will sell. As the prices come from the
main markets in Brazil, which come from international commodities markets, the prices are
exogenous. The distance is used to account for transportation costs, which here we assume are

proportional to the distance of the main ports in the country.



Chapter 4

Brazilian agriculture

In this research we will analyse the decision between temporary crops. Those are the ones

planted and harvested in the same agricultural year. The static discrete choice models allows us
to better understand the choice between those crops. The decision between permanent crops or

pasture are expected to include more forward looking behavior, as the farmer has less flexibility

to adjust the production to economic change. Therefore we will not explicitly model those

choices in our static framework.

Table 4.1: Share of types of land use

Brazil North Northeast Southeast South Mid-West
Total 2006 100.0% 16.6% 22.8% 16.5% 12.5% 31.6%
ota
2017 100.0% 18.6% 20.2% 17.2% 12.2% 31.9%
T 2006 13.4% 3.6% 13.3% 15.0% 31.7% 10.5%
emporary crops
POTaty ¢rop 2017 15.8%  3.9%  12.4% 185%  35.1%  16.2%
p (O 2006 3.5% 3.4% 4.6% 7.4% 3.6% 0.7%
ermanent Crops
P 2017 22%  1.9%  2.9% 59%  12%  0.4%
) 2006 48.0% 48.4% 40.2% 50.7% 37.5% 56.0%
Livestock
2017  45.4% 51.0% 38.8% 451% 35.1% 50.4%
) 2006 30.0% 40.7% 34.5% 20.6% 20.9% 29.6%
Planted or Native Forests
2017  32.8% 39.6% 40.6% 25.9% 24.6% 30.8%
Oth 2006 5.2% 4.0% 7.4% 6.3% 6.2% 3.2%
ers
2017 3.7% 3.5% 5.4% 4.6% 4.0% 2.3%

As we can see in Table 4.1, temporary crops have been increasing their share in land

use in Brazil, accounting for almost 16% of the agricultural area in the last Census. These shares

vary in the Brazilian territory , but even in the North temporary crops have a relevant share of

the space.! In the model used in this research the outside option accounts for other uses of land

such as the ones in Table 4.1.

! As one can see, even the total area varies with time. The "Total" line in Table 4.1 refers to the shares of total
agricultural land in each region, which has expanded.
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As we can see in Table 4.2, the total area used for agriculture has increased 5.3% in

Brazil between 2006 and 2017. Also, we can highlight the increase of 24.7% in area used for
temporary crops, which gained in share in all regions but the Northeast. A great part of this
increase comes from crops such as soybeans and maize, which have been gaining space in this

century.

Table 4.2: Land use area increase

Change from 2006 to 2017

Total 5.3%
Temporary crops 24.7%
Permanent Crops -33.6%
Livestock -0.3%
Planted and Native Forests 15.2%

By looking at the 2017 Agricultural Census data on land used for each of the temporary
crops, we can highlight some of the main crops in Brazil.> Table 4.3 shows the main crops by
harvested area, where soybeans accounts for almost half of the total area used for temporary
crops. We can see that maize, sugarcane, rice, cotton, cassava, wheat and beans also are relevant
in the country.

Another important crop that has been increasing in shares is sorghum, due to its
importance in the production of livestock food. Sorghum prices are highly correlated with maize
prices as the crops are very interchangeable in the food industry. Both have a lot space in animal

feeding, but sorghum has some advantages when planted in some areas due to more resistance

for instance to water supply stress.

2The data here is of land utilization. A same farm in the Census might apply different land uses, even if the
crop is not the main use in that farm, it is still accounted in this criteria.
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Table 4.3: Main crops by harvested area and revenue

2017 Total area (ha): % of total area: Total Revenue (1000 BRL): % of total revenue:

Total 67,658,174 100.0% 236,984,993 100.0%
Soybeans 30,722,657 45.4% 104,054,607 43.9%
Maize 15,783,895 23.3% 34,250,904 14.5%
Sugarcane 9,127,645 13.5% 48,827,484 20.6%
Others 3,227,980 4.8% 11,010,209 4.6%
Wheat 1,788,027 2.6% 2,696,970 1.1%
Rice 1,716,600 2.5% 8,568,600 3.6%
Fodder corn 1,387,706 2.1% 3,752,286 1.6%
Frade Beans 928,691 1.4% 807,165 0.3%
Cotton 912,563 1.3% 7,479,779 3.2%
Color beans 778,342 1.2% 2,567,905 1.1%
Cassava 740,611 1.1% 6,248,928 2.6%
Sorghum 543,456 0.8% 623,197 0.3%

Table 4.3 also ranks the main temporary crops by revenue in the 2017 Agricultural
Census. As we can see, the rank in relevance changes, but we can choose some crops as the
inside options that are relevant in both criteria.

There are some points worth mentioning about maize production in Brazil. Maize has
been gaining space in the country, but mostly due to the second harvest. > Maize particularly
gained space due to the "milho safrinha" (small harvest of corn), which is the sowing and
harvesting of maize between the harvest and plantation of soybeans.

Maize is the most produced grain in the world, and Brazil is the second largest exporter
of maize in the world, accounting for around 17% of the exports. This technical possibility of
rotating the production with soy and the increasing demand for maize especially due to the
insertion of maize in the animal food industry has made farmers even adjust the planting of soy
to fit the second harvest of maize. Actually, this rotation breaks cycles of pests and increases
Nitrogen fixation. As mentioned before, the demand of meat in the world has increased rapidly,
especially in emerging economies. Therefore, the production of inputs for animal food has
increased as well, which pushed the production of crops such as maize and soy and technical
innovations such as the second harvest of maize, which has been larger than the first since 2011.

It is important to explain that the input we use from the 2017 Agricultural Census is
"harvested area" which accounts for both harvests of maize.* So when we look at harvested area
for crops with two harvests, we are not necessarily looking at the area dedicated for that crop,
as the same field might have been used more than once in that year. This is an issue common in
Industrial Organization applications, because sometimes market shares might hide for instance

consumers that return and buy the same product.

3Crops such as maize or frade beans can be harvested more than once in a year.
4Only the PAM data has information on separate harvests that took place in the same year, however it is not
detailed enough or as reliable and the Census data.
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Table 4.3 points to the main crops by harvested area, which is the data used here for

market shares. Table 4.4 shows the harvested share per crop in both census using the criteria
for total area = total area for agriculture - total area for temporary crops + harvested area for
temporary crops. We use this criteria because some crops (such as maize) might be harvested
more than once in the year (or less). Therefore, harvested area is a better concept to be used
here. The crops in Table 4.4 are the ones to be accounted as the inside option for the farmer
in the model. As we can see, crops such as rice or frade beans or cassava have been loosing
space to crops such as maize, soybeans, sugarcane and wheat, which are more export oriented.
Therefore, the outside option here is the harvested area of the temporary crops no included here
and the area dedicated for other land uses. The outside option includes area used for permanent

crops, livestock and forests.

Table 4.4: Crop shares evolution

Cotton Rice Sugarcane Frade beans Cassava Maize Soybean Sorghum Wheat
2006 0.3% 0.7% 1.7% 0.6% 0.5% 3.4% 5.3% 0.1% 0.4%
2017 0.3%  0.5% 2.5% 0.3% 0.2% 4.3% 8.5% 0.1% 0.5%

We can also look at the spacial data to see the change in geographical distribution of
crops such as soybeans and maize.
We can see the change in land use shares by municipality from the maps for soy in

Figure 4.1:

g

(a) 2006 Census (b) 2017 Census

Figure 4.1: Soybeans shares per Mesoregion

And by the maps for maize in Figure 4.2 :
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(b) 2017 Census

Figure 4.2: Maize shares per Mesoregion

We can see a clear expansion of both crops, with more dispersion in the production

of maize. There is a clear geographical concentration for those crops. By looking at Figures

1 and 2, we can relate the expansion to the potential yields for each crop. Other crops are

also concentrated, which is highly related to the land suitability and will be explored in the

counterfactual exercises.



Chapter 5

Model, estimation and

counterfactual

5.1 Model and estimation

The research aims to model the decision making of a farmer when choosing which crop to
cultivate. The farmers will choose the crop that gives the highest return possible to their land,
given the potential yield of each crop at the land, the transportation costs and other shocks that
may affect it. The model allows for an outside option similar to that used in Berry et al. (1995),
which here includes land uses such as temporary crops, livestock and forests. The return for the

farmer at field ¢ planting crop ¢ at the year ¢ would be:

r(wir, ¢, €) = (0 = za)yf — fel(wi) + 5 + €6, (5.1)

in which the term pf is the wholesale price of the crop c at time ¢ at the main Brazilian
Markets, z; is the transportation cost of the field 7 per ton to the closest port, ¥ is the potential
yield of crop c at the field ¢ that comes from FAO GAEZ, f.(x;) is the cost specific of producing
crop c in field ¢ given its characteristics, 5§m is the crop Mesoregion unobserved term and ey; is
the field specific term. ! Here each field will be the pixel observed by the FAO parameters, and
for each field i € m and year t € T we have w;; = {p§, 2, v5, Ti, Sfm}vcec. 2 We assume that the
relative cost of transportation from field 7 to destination j is the same across commodities and
it is proportional to the distance, so we have z; = d;~y. 3

Each farmer chooses the crop ¢ that gives the higher return r(w;, ¢, €) among the crop
choices and the outside option (uses of the land other than the crops considered). As in discrete

choice models the important are relative returns of each option, the assumption we make about

1The Mesoregion unobserved term accounts for unobserved cost factors such as droughts at year ¢ at region m,
externalities such as crop specific research organizations or gains of scale, region or time specific access to credit.
This Mesoregion might capture regional or yearly specialization.

*Where C' = {Cotton, Frade Beans, Maize, Cassava, Sorghum, Soybean, Sugarcane, Rice, W heat, Outside}
is the set of options and T" = {2006, 2017} is the set of years.

3Here d; is the euclidean distance from the field ¢ to the closest port, that is, it measures the distance of that
field to international markets.



25

the outside option is that the return is set only by a field specific term: r(w;, outside, €) = ef“t“de.

This outside option captures the shares of pasture and forests, which should be included in the
interpretation of the counterfactuals.
We make the assumption that €f; /o has an Extreme Value type 1 distribution, which

gives us the logit crop shares:

exp((pf — Zz)?/ztg - fC(fBZ) + tmg )
Zc’ €$p((p - Zl)yzt O fC (xl) + 5tmg ) + 1.

Equation 5.2 could be used to estimate the model’s parameters if we observed choices
4

prob(wit, ¢) = (5.2)

at the field level. However, we only observe the shares per Mesoregion:

s(w c):/ el’p((Pf—zi)yfa — felzi) £ -+ tmale)
" Yo eaxp((pf — 2y 5. — fe (o) L -+ 0 ) + 1

dF (zi, i, yjli € m).  (5.3)

We observe the shares of the utilization of land per Mesoregions, which here is the
harvested area of each crop in the inside option and the area dedicated for the outside option,
as explained in Section 4. In the Census if a farmer of a 10 acre farm harvests 6 acres of maize
and 4 for cotton, both uses will be accounted - so if the whole region was represented by that
farm, the shares in that region would be 60% for maize, 40% for cotton and 0 for the outside
option. The assumption here is that each field has its own productivity and cost parameters and
a farmer might choose for more than one field. As we don’t have detailed information per farm
or field, we use the shares described in Equation 5.3. The share for each crop at each Mesoregion
in the data is then the aggregation of the decisions per fields in that region, which facilitates the
interpretation here.

We can open the term f.(z;) to have a simplified version of the observable costs to
each field: fc(x,,)g% = /¢ In which z; is the vector of the field characteristics and 3¢ are
the parameters that measure how each field characteristics affect the costs for each crop. For
example, how inclination (slope) in the field might affect the cost to plant soybeans.

1 c

. . . . . AC _
We can also open the Mesoregion (or region) crop specific term into: tma- = Oim

af +ast+&;,. This specification allows for coefficients that account for the crop and year specific
terms for each region. This fixed effects specification captures, as mentioned, the unobserved
costs and externalities. We can switch the structural parameters for coefficients that will be
directly estimated. By substituting J% = f1, z; = d;7y and then —v/o. = (32, it allows us to have

a simpler return function to estimate:

r(wita C, 6) = /Blpgyf + B2dzyf - x;ﬂc + 04(1: + Oé;t + gtcm + Egi‘ (54)

Notice that while the field characteristics and yields are observed, the field choices are
not. We only observe the crop shares per market (in this case Mesoregion). As in Berry et al.

(1995), if we had all the region and crop specific errors, we would have the equality between

4As mentioned before, we have information down to Municipality, but here we will use Mesoregions.
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the actual and the hypothetical shares for each market : s(wyy, 5%, %) = Spt, where Sy, is the

vector of shares for each crop at market (region) m at year t, a* and * are the real coefficients,

and the hypothetical share is:

ns

S(wpm, . 6,¢) = 1 3 exp(Bipfys + Badiys — i B° + 6fn)
ms MYy - il ] : 1 :
ns = 3 exp(bipty] + Badiy] — B9 + 6,) +1

However, as we don’t observe &, we don’t have the vector of §. As in Berry et al.

(1995) we can invert the share function by getting d4 (53, Stm) from the contraction:

(5@?{1 = 5fm + log(Smt) — log(s(wim, 5, 5k)),

where 6*+1 and §* are the iterations that lead to the fixed point §*(3,S) for each vector 3. The
solution comes as the difference log(Syt) — log(s(wim, B, 6F,,)) reaches the tolerance established.”

We assume exogeneity of the observable characteristics and the observable market-time
specific component with the unobserved region component. This term comes from: &, =

dpn — (af + a§t), so we have the moment condition (with Z representing the instruments):

E[¢ Z] = 0. (5.5)

Therefore, we can estimate the model by GMM by an approach very similar to Berry

et al. (1995) for estimating random-coefficients models. The solution (3, &) minimizes:

(5(8,8) — Xa) ZWZ'(5(8,8) — Xa). (5.6)

Where X is composed by vectors of zeros and ones indicating the crops and the
interaction of time and crop. Therefore, X is composed by dummies of crops and the interaction
of crop dummies and time dummies. The estimation requires instruments, as the demand
estimation with random-coefficients literature such as Berry et al. (1995) and Nevo (2000) we
apply variables that affect the returns but are uncorrelated . The instruments Z are: [X, D],
where D is composed by median yields per Mesoregion, median distance of the points in each
Mesoregion to the nearest port (measured by d;) and the median field characteristics (slope
and elevation indicators) for each region. We assume homoskedasticity, therefore we have
W= (z'2)"%

The results from the model will be presented in Section 6, while in the next Section

we present some results for a simpler specification, the Simplified Municipality Level Model.

5.2 Simplified Municipality Level Model

We can estimate a simplified municipality level model by using the average variables by market:%

®In this research we use 10710,
5Here we use Municipality as this exercise is computationally light and Municipality allows for more observations.
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- exp((pf — th)?jrcng% - fc(xm)gi6 + 0fim)
> eap((pl — 2me) s — fi(@) L +6,) + 1.

By taking the log differences with the outside option we have:

5(wmt, )

5(wmt,c)\ . .1 1 .
tog <§(wmt70)> = (i th)ymae fc(mm)oe T Otm-

This gives us the econometric specification:

109(5(wimt, €)) — L0g(5(wint, out)) = B1p5ye, + Bodm¥s — B Tm + 6y

This exercise already allows us to evaluate the model. Table 6.1 in the results section

shows the results.

5.3 Counterfactual exercises

In this research we will do two counterfactual exercises: first, we will explore the price elasticities
by exploring a local 10% change in the prices of each crop. It might seem surprising that using
only two Census there are price changes enough for the identification, as each crop features
only two prices in our sample. However, one might notice that the return is affected by the
interaction of price and yield: even with constant prices, a change in yields has the same effect
on returns and therefore on choice. With that in mind, the identification of the coefficients for
price also comes from yields, which have substantial variation in our cross-section.

To understand the results, we need to revisit the elasticities produced by Equation 5.1.

As in Nevo (2000), the cross and own elasticities take the format of the integral that
includes the share of each product (crop). It is important to notice, however, that we have the
distribution of the characteristics, which gives us the share for crop ¢ at market m and year t
given by Equation 5.3.

This gives us the elasticities between crops j and k at market m (9;m):

Pk .
Njkm = ——— | B1SijmSikmdF (2i, T, Yi|i € m) (5.7)
gm
and the own elasticities:
Pk Cl:
Njjm = - — | P1sijm(L = sijm)dF (i, 23, yili € m) (5.8)
im

where:

exp(Bipfys + Boziyf — i8¢ + 0°)
> exp(Biply] + Boziy] — x}B) +69) + 1
The data contain shares for both 2006 and 2017 Census, but the counterfactual

Siem =
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exercises will be done in relation to 2017. That is, in the counterfactuals the residuals used are
the ones from the 2017 markets.” Also, the counterfactuals might be interpreted in relation
to the outside option: the impacts on the outside option might be interpreted as impacts of
deforestation or reduction of pasture (or both).

The other counterfactual exercise aims to measure the effects of climate changes in the
Brazilian crop production. This exercise uses the data described in Section 3 of the potential
yields projected by FAO GAEZ. In this counterfactual, we fix the prices of 2017 and only get
the effects of yields change. Therefore, we still don’t estimate feedback effects of international
prices to the climate change.

This exercise will be a straightforward substitution of the projected yields into the
baseline yields (which are the average yields from 1960 to 1990, estimated by FAO GAEZ) to
estimate how the Brazilian crop supply would be if the potential yields were the projected ones.

The results will allow us to have the directions of the impact of climate change in crop supply.

7Also, the results still don’t include the term f.(x;) for time reasons, as it is a much more intensive exercise
computationally. However, the Municipality Level model gives us a glance of the results including the field
characteristics in the cost function at Table 6.1. As one can see, the coefficients for price and distance remain

with the expected signs.



Chapter 6

Results

6.1 Estimation Results

Table 6.1 presents the results for the Simplified Municipality Level Model presented in Section
5.2 and for the random coefficients model presented in Section 5.1. !

It is important to highlight that the counterfactual exercises are done according to
the Random coefficients estimation. Still, the Municipality Level Model is a good exercise as it

generates more observations and confirms the signs of the main coefficients.

'For the random coefficients the standard errors were not estimated due to time constraints, but are among
the next few steps.
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Table 6.1: Coeflicients estimated

Coeflicients: Municipality Level Random coefficents
51 0.292%** 1.0073***
(0.01) (0.0316)
Bs -0.019** -0.0021
(0.0006) (0.0018)
Constant 9.179* -
(4.179)
a* omitted omitted
B¢* omitted -
Observations (Markets x Crops) 41,599 1,763
R? 0.383
Adjusted R? 0.382
F Statistic 257.770** (df = 100; 41498)
Note: *p<0.1; **p<0.05; **p<0.01

*The as were not reported here in the interest of space. For the Municipality Level model we omitted
the coefficients of interaction between crops and characteristics (8¢, which measures the costs) and the
coefficients for crop and trend dummies. The characteristics here are information for each field of
elevation and slope levels as described in Section 3. For the Random Coeflicients the costs coefficients

were yet not estimated for time restrictions, and the as omitted include the dummies for crop and trend.

As expected, the coefficients for the interaction of price and potential yields (/1) is
positive and the coefficient for the interaction of distance and potential yields (f2) is negative.
These results confirm the coefficients as expected: farmers decide positively as price increases
and tend to choose the outside option as the distance to markets increase. These exercises point
to the fact that this specification captures well the decision of which crop to plant.

As mentioned, the next sections will be based on the random coefficients model.

6.2 Price change

In this section we present the results for the price counterfactuals, as explained in Section 5.3.
Table 6.2 presents the results for price elasticities. The exercise is done measuring the effects (in

terms of elasticity) of a 10% raise in the price of the crop on the others.
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Table 6.2: Elasticities

Cotton Frade beans Maize Cassava Sorghum Soybean Sugarcane Rice Wheat

Cotton 1.08 -0.02 -0.19 0.00 0.00 -0.73 0.00 -0.02  0.00
Frade beans 0.00 4.59 -0.14 -0.05 0.00 -0.18 0.00 -0.01 0.00
Maize 0.00 -0.01 2.54 -0.03 0.00 -0.74 -0.02 -0.02  -0.04
Cassava 0.00 -0.02 -0.12 14.64 0.00 -0.24 -0.03 -0.06  -0.01
Sorghum -0.01 -0.01 -0.17 -0.01 1.28 -0.56 -0.04 -0.01  0.00
Soybean -0.01 -0.01 -0.26 -0.02 0.00 3.45 -0.01 -0.05  -0.06
Sugarcane 0.00 0.00 -0.13 -0.06 0.00 -0.31 0.54 0.00 -0.01
Rice 0.00 0.00 -0.08 -0.04 0.00 -0.53 0.00 8.04  -0.01
Wheat 0.00 0.00 -0.40 -0.03 0.00 -1.45 -0.01 -0.03  2.99

The columns are the crops that have the 10% price increase and the lines are the crops that are affected.

As mentioned before, the logit specification is limited by the effect of the shares of
each crop. This explains why soybeans have higher cross elasticities. Another important aspect
of the exercise is that we exclude crops from the markets they are not present. Therefore, crops
that have shares in more markets tend to have more effects on others, this explains the higher
impact of maize and soybeans in other crops than of other crops on them. 2

We can take some important points from Table 6.2. First, as we can see, crops such as
sugarcane are inelastic. This crop is regionally concentrated and the results suggest it has less
space to grow. Some crops being inelastic to prices is a reasonable result, as one would expect
regional specialization to be a important factor in agriculture.

Second, there are some Brazilian particularities to mention. For instance, cassava is
highly concentrated in the North Region of Brazil, despite the fact that it’s potential yield is
high in different areas of Brazil as we can see in Figure 3.1d.> Another example is that in Brazil
there hasn’t still the substitution patterns between sorghum and maize that the literature has
observed. Soto Arriagada (2005) observes high substitution patterns between those crops as
one would expect, as they have very similar uses in the food industry and sorghum has been
competing for space with corn. However, the space of sorghum is still very limited in Brazil, as
Table 4.4 shows.

Table 6.2 reaffirms soybeans and maize as the export-oriented crops that have most
impact in others, specially soybeans. Therefore, the next exercise tests the impact of a 50% price
increase of soybeans.* This exercise is extreme, but allows us to interpret the geographical impact

of soybeans in some crops.” First, we can observe Table 6.3 (which includes the counterfactual

2That is, if the prices of soybeans or maize increase, it affects more markets. Also, the higher shares also
generate a mechanical effect that is that a 1% impact in soybeans shares is much more relevant than 1% change
in cotton shares (in terms of area).

3Cassava own elasticity is high a lot due to it’s volatility. Cassava area reduced by more than half from 2006
to 2017.

4That is, the relative price of soybeans, even comparing to the outside option, of course.

5Note that this is not too extreme. For instance, from 2018 to 2020 soybeans prices in the main Brazilian
markets have more than doubled (prices increased in about 110%) while consumer prices for instance increased
by around 13% in the same period. Therefore, as 50% price increase in relation to other land uses prices is not
absurd.
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to Table 4.4). The 50% price increase leads soybeans shares to 28%, which is higher than the

current temporary crops share.

Table 6.3: Crop shares evolution

Cotton Rice Sugarcane Frade beans Cassava Maize Soybean Sorghum Wheat

2006 03% 0.7% 1.7% 0.6% 0.5% 3.4% 5.3% 0.1% 0.4%
2017 0.3% 0.5% 2.5% 0.3% 0.2% 4.3% 8.5% 0.1% 0.5%
Counter Soy + 50%  0.1%  0.3% 1.8% 0.2% 0.2% 2.4% 28.0% 0.1% 0.2%

Figures 6.1, 6.2, 6.3 and 6.4 show the geographical distribution of soybeans, maize,
wheat and cassava as examples of the impact of soybeans expansion. The first point that comes
from Figure 6.1c is that soybeans get intensity in the regions that it has already larger shares.
It is noticeable that the price increase impacts mostly the areas where it is already predominant
- as it is already where it has higher potential yields, as one can notice comparing Figure 3.1a to
Figures 6.1a and 6.1b. It is important to notice that the fact that soybeans production doesn’t
expand to regions where has no share comes from the model. Also, here we can see the impact
of the fixed effects (in the model measured by the as) on the counterfactual. Part of the result
comes from fixed effects of crop per region, which of course captures the unobserved variables
already mentioned at Section 5.1, but also limits extensive expansion of production as it tends to
overestimate costs of each crop at the regions with low shares - if in the counterfactual we used
the fixed effects from 2006 the results would change, as some crops expanded the production
extensively (especially soybeans and maize) . Crops such as soybeans are expanding extensively
and the fixed effects might still limit this aspect in the counterfactual. Still, these help interpret
local specialization due to effects such as externalities that are not captured by the observable
variables.

Figure 6.2 shows the competition for space between maize and soybeans, specially
from the Center-West to the South, where both have relevant shares and higher potential yields.
As described in section 4, soybeans and maize production have been integrated with the rotation
between crops, which is not captured in the model. Therefore, one would expect a positive
effect from the increase in soybeans production on maize shares that is not captured in the
counterfactual. The counterfactual here is done as maize and soybeans only dispute for land
shares, which is not necessarily true.

When analysing wheat, Figure 6.3 is interesting when compared to Figure 3.1c as one
can see the direct relation between space distribution of planted area and potential yields. The
model captures well that wheat is only productive where soybeans are not only productive but
already concentrated, therefore soybeans have a high effect on wheat production, as showed in
Tables 6.2 and 6.3.

When we look at Figure 6.4, we can see that some crops such as cassava compete less for
space with export oriented crops such as soybeans (or even maize), because they are specialized
in specific regions where those crops potential yields are lower. This result is interesting because

it points to the fact that the impact of an increase in the prices of export oriented crops might
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have a limited effect in the supply of crops such as cassava due to the spacial distribution of

yields (and therefore of the production).

This section allows for the interpretation that the impact of increase in demand (and
in prices) of crops such as soybeans or maize in other crops such as cassava, sugarcane or beans
is limited. The distribution of yields results in geographical specialization of some crops, which
also explains why some crops are inelastic to price, as one can see in Table 6.2. This geographical
concentration of some crops limits the competition with soybeans or maize, for example. However,
crops such as wheat (that have higher yields at the same regions as soybeans) compete more
directly. Also, as mentioned before, maize production, which has been also increasing deeply
between Census, is more evenly distributed among regions, as it has also high potential yields in
regions such as the Brazilian Northeast. This also limits the impact of soybeans, although they

clearly dispute for space.

Figure 6.1: Soybeans Mesoregions distribution

(a) 2006 Census (b) 2017 Census

(c¢) Counterfactual: 1 50% Soy price



Figure 6.2: Maize Mesoregions distribution
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(a) 2006 Census (b) 2017 Census

(c) Counterfactual: 1 50% Soy price
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Figure 6.3: Wheat Mesoregions distribution

(a) 2006 Census

(b) 2017 Census

Wheat share %

(¢) Counterfactual: 1 50% Soy price
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Figure 6.4: Cassava Mesoregions distribution

*

Gassava snare Gassava share %

(a) 2006 Census (b) 2017 Census
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(c) Counterfactual: 1 50% Soy price

6.3 Climate change

This section discusses the impacts of climate change on crop choices. FAO GAEZ projects the
potential yields according to climate scenarios. As explained in Section 3, there are 11 scenarios
considered for 2020, 2050 and 2080. In this research we focus on scenarios for 2050 and 2080.

As mentioned before, the scenarios were constructed according to General Circulation
Models (GCM) and the IPCC data distribution centre provides the climatic parameters according
to the scenarios.’

Before discussing the results, we need to go through the exercise. An important caveat
here is that this is not an equilibrium analysis, it only simulates the impacts on the supply side.
The counterfactual is done by switching the yields in 2017 for the scenario yields. Therefore, the
residuals and prices are kept constant.

Table 6.4 adds to Table 4.4 the crop shares given by the model for each scenario.”
The H3A1 scenario (of high deprecation in the North) stands out: is the worst scenario for

soybeans, for instance. Table 6.4 points to the fact that the scenario we reach will affect deeply

5The Global Agro-ecological Zones (GAEZ) Model Documentation details these projections. The IPCC data
in described at Nakicenovic et al. (2000).

"There is one crop missing: frade beans. The data for future yields for Frade Beans were removed from the
FAO GAEZ source.
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the composition of the Brazilian supply. For example, there are scenarios where sorghum

production already surpasses wheat (both are more productive in southern regions). Maize also

has the potential to become the main crop in Brazil. Crops such as Cassava expand comparative

advantages in most scenarios and others such as sugarcane, rice or cotton seem to change less.

Table 6.4: Crop shares Climate Scenarios

Cotton Rice Sugarcane Cassava Maize Soybean Sorghum Wheat
2006 03% 0.7% 1.7% 0.5% 3.4% 5.3% 0.1% 0.4%
2017 0.3%  0.5% 2.5% 0.2% 4.3% 8.5% 0.1% 0.5%
C2A2  02% 04% 2.3% 0.5% 5.9% 9.2% 0.2% 0.3%
C2B2  02% 0.4% 2.5% 0.5% 4.4% 9.9% 0.1% 0.3%
CSA2  02% 0.3% 2.3% 0.5% 6.3% 9.4% 0.2% 0.3%
CSB1  02% 0.3% 2.4% 0.5% 4.7% 9.9% 0.1% 0.3%
CSB2  02% 0.3% 2.4% 0.4% 4.6% 9.7% 0.1% 0.3%
2050 EHA2 0.3% 0.7% 2.4% 0.2% 5.5% 7.6% 0.2% 0.3%
EHB2 03% 0.7% 2.4% 0.2% 5.3% 7.7% 0.2% 0.2%
H3A1 0.3% 0.4% 2.4% 0.3% 7.5% 6.8% 0.2% 0.2%
H3A2 0.3% 0.4% 2.3% 0.3% 7.3% 7.7% 0.2% 0.2%
H3B1 0.3% 0.6% 2.4% 0.3% 5.1% 8.7% 0.2% 0.3%
H3B2 0.3% 0.6% 2.3% 0.3% 5.5% 8.6% 0.2% 0.3%
C2A2  03% 0.5% 2.3% 0.4% 6.5% 7.5% 0.2% 0.2%
C2B2  02% 0.4% 2.5% 0.4% 4.4% 9.2% 0.1% 0.3%
CSA2  0.3% 0.4% 2.2% 0.5% 7.3% 7.8% 0.2% 0.2%
CSB1  02% 0.4% 2.4% 0.4% 4.8% 9.0% 0.2% 0.3%
CSB2  02% 0.3% 2.3% 0.4% 6.5% 8.6% 0.2% 0.3%
2080 EHA2 0.3% 0.5% 2.3% 0.2% 6.9% 4.8% 0.2% 0.1%
EHB2 03% 0.7% 2.4% 0.2% 5.5% 6.6% 0.2% 0.2%
H3A1 0.3% 0.6% 2.0% 0.4% 10.4% 3.5% 0.3% 0.1%
H3A2 0.3% 0.6% 2.1% 0.4% 9.5% 4.8% 0.2% 0.1%
H3B1 0.3% 0.6% 2.4% 0.3% 6.6% 7.2% 0.2% 0.2%
H3B2 0.3% 0.4% 2.2% 0.3% 7.7% 6.5% 0.2% 0.2%

In the model, the difference between a change in yields or in prices is that the

impact of yields changes is attenuated by transport costs. However, one can notice that crops

that have expanded mostly due to the expansion of demand (and prices) such as maize and

soybeans are more volatile to climate change. That can be interpreted as in part due to the fact

already discussed in Section 6.2 that some crops in Brazil have comparative advantages more

geographically concentrated, and those show more resilience. However, climate change might

also have an impact on the geographical distribution of crops production. Figure 6.5 shows the

distribution of soybeans in one of the scenarios (H3A1) for 2080 as an example. In this scenario

soybeans lose space, mostly in the northern regions - which comes from the lost of potential
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yields shown in Figure 3.2b.
Figure 6.5: Soybeans shares per Mesoregion

(a) 2017 Census (b) H3A1 - 2080
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Even though cassava has a small change in scenario H3A1 of 2080, this is a good

example of how geographical distribution of crops might change. As one can see in Figure 3.2d,
cassava in this scenario gains comparative advantage at some regions in the South and loses
productivity in the North. Figure 6.6 shows the distribution of cassava in one of that scenario:

Figure 6.6: Cassava shares per Mesoregion

(a) 2017 Census (b) H3A1 - 2080

Cassava share %
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Therefore, it is clear that climate change will impact crop supply in Brazil, both
impacting total comparative advantages in the country and by changing the geographical

distribution of production. One could expect price changes especially in more extreme scenarios,

which will also impact the access to food.



Chapter 7

Conclusion

This paper proposes a discrete choice model to the study of farmers decisions on which crops
to plant. The random-coefficients approach applied in this scenario contributes to both the
agriculture and the trade and development literatures with more realistic substitution patterns.

The research does two counterfactual exercises that explore those flexible substitution
patterns to better measure price elasticities in crop supply and the impacts of climate change.
The results so far indicate that export-oriented commodities such as soybeans and corn have
limited effects on other crops supply due to geographical specialization. The results of the climate
change exercise shows changes in comparative advantages between crops that vary according to
climate scenarios if prices stay constant.

The model offers a estimation of supply of temporary crops that in one hand offers
new sight on substitution patterns between Brazilian crops but in another hand does not account
for feedback effects such as price changes in international markets (which is possible as Brazil
accounts for a considerable share in the supply of some crops such as maize and soybeans),
which still limits the interpretation of the results. Still, the counterfactual exercises already
bring light to the possible impacts of prices or climate changes. Some next steps include first
adding the cost function parameters. Second, including the demand side would allow us to better
understand the results in equilibrium. Other future specifications include input choices to better

capture the impacts of input investments in response to price or climate changes.
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