Climate Change and Agricultural Supply in Brasil

Abstract: This paper analyses the potential socioeconomic impacts that climate change
projected for 2040 may have on agriculture - in particular on agricultural supply - and the
Brazilian economy as a whole and on its different regions. For this purpose, a recursive dynamic
interregional CGE model is used, calibrated to the year 2010. Two climate change scenarios
are considered: an Intermediate (RCP4.5) - less severe - and a Pessimistic (RCP8.5) - more
severe. The main distinction from previous studies is the use of suitable area loss estimates
based on projections for the regional pattern of climate change from the 5th and most recent
IPCC report. Results show that, although climate change is expected to lead to a reduction in
agricultural production and exports in Brazil, this effect would only be relevant for soybean in
the Intermediate Scenario. Real GDP reductions appear in both scenarios, but this should be
more intense in the Intermediate Scenario. They also signal that those losses will be greater for
poorer households and for regions whose economy is more dependent on agriculture and, in
particular, on soybean cultivation; and that the real consumption and welfare of households in
the Midwest region and part of the Northeast (where soybean crop is more representative) will
be more affected than in other regions of Brazil.
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1 Introduction

Climate change is one of the greatest challenges facing humanity in the 21st century. The
most recent reports of the Intergovernmental Panel on Climate Change (IPCC) presented
evidence of rising average temperatures, changes in precipitation patterns, increased frequency
of extreme weather events and other meteorological and climatic phenomena arising from the
increased atmospheric concentration greenhouse gases (GHGs) (IPCC 2007, 2014). All four
GHG concentration and emission scenarios presented in the 5th Assessment Report (ARS) of
the IPCC (IPCC, 2014) - known as Representative Concentration Pathways (RCPs) 2.6, 4.5,
6.0, and 8.5 - support projections of rising average surface temperature over this century. The
likely increase between years 2081 and 2100 compared to 1986-2005 is expected to be 0.3°C
to 1.7°C in the mildest scenario (RCP2.6), and 2.6°C to 4.8°C in the most severe scenario
(RCP8.5) (IPCC, 2014, p. 10), which could bring serious economic and social consequences
for different populations, productive sectors, and regions around the world.

The agricultural sector, being highly dependent on environmental conditions, especially
temperature and precipitation, is often pointed out as the most vulnerable to changes in climate
patterns (Zhai et al., 2009). As a result, the potential impacts on agriculture has been one of the
most studied topics in the climate change literature in recent years (Chalise et al., 2017).

Some key aspects of the problem are often highlighted in the literature. First, the adverse
effects of climate change on agriculture will not be equally distributed around the world,
prevailing on tropical and subtropical areas, which predominantly involve developing countries
(Darwin et al., 1995; Mendelsohn, 2000; Fischer et al., 2002; Cline, 2007; Quiroga and Iglesias,
2007; Eboli et al., 2010). Second, there are still few studies on climate change and agriculture
focusing developing countries, which are regarded as the most vulnerable (Chalise et al., 2017).
Third, computable general equilibrium models have been widely used in this field, due to their
great capacity to treat the economy as a complete and interdependent system, allowing to
address the links between climate change, agriculture and the rest of the economy. Fourth, even
less frequent in the literature are studies under the general equilibrium approach devoted to
analyzing country-specific implications of the relationship between climate change and
agriculture, especially for developing countries (eg, Zhai et al., 2009; Ahmed et al., 2011;
Elshennawy et al., 2016; Chalise and Naranpanawa, 2016; Chalise et al., 2017).



2

As noted by Chalise et al. (2017), computable multiregional general equilibrium models
encompassing several countries or groups of countries have often been used in the international
literature to address the linkages between climate change, agriculture and the rest of the
economy. The high degree of regional aggregation of these models, however, makes them
unable to deal with the country-specific implications of climate change (Chalise et al., 2017).
Country-specific analyses often require greater regional detailing of national economies,
especially in the case of countries with a large territorial extension.

In Brazil, the literature relating climate change and agriculture under a general
equilibrium approach has predominantly used static interregional computable models of the
bottom-up type and climate scenarios derived from the 4th IPCC report (IPCC, 2007). This
category of models allows a explicit treatment of the Brazilian regional and climatic
heterogeneity, as well as region-specific shocks, but do not show the evolution path of the
economy over time.

In this paper we investigate the potential socioeconomic impacts that climate change
projected for 2040 may have on agriculture - in particular on agricultural supply - and the
Brazilian economy as a whole and on its different regions. For this, we use the most recent
IPCC scenarios and a general equilibrium model with recursive dynamics, calibrated for the
2010 base year, with regional detail in Brazil. The central hypothesis of the study is that rising
temperatures and changing precipitation patterns will have net negative effects on agricultural
activities, with important consequences for the rest of the economy. Given the regional
heterogeneity of crops and production systems that characterize Brazilian agriculture,
regionally differentiated impacts are expected.

The main difference between this study and the previous ones for Brazil is the use of
“suitable area” changes estimates for 2040, based on projections of the 5th and more recent
IPCC report (IPCC, 2014). As far as we know, these scenarios for agriculture have not yet been
explored in the Brazilian literature, with the approach and detail proposed here. As we show in
the paper, however, this new scenarios are quite different compared to previous ones from the
4th IPCC report.

Brazil is an interesting case study for several reasons. First, as most of its territory is
located in tropical and subtropical areas — identified as the most vulnerable — the country will
likely face serious setbacks as a result of climate change!, as highlighted by Ferreira Filho and
Moraes (2014). Second, due to the importance of its agriculture and related activities in
generating domestic employment and income, the country may suffer serious economic and
social consequences resulting from climate changes. Third, due to its great relevance in the
international market for agricultural products, climate change may affect Brazil's agricultural
supply capacity and the performance of its exports, affecting agricultural international markets.
It is worth noting that, according to the World Trade Organization, Brazil recently reached the
position of largest net exporter of agricultural products, with a balance of US$ 71.5 billion in
2019 (ahead of the EU, in second, with $35.2 billion).

This paper is composed of 5 sections, in addition to this introduction. Section 2 provides
a brief review of the empirical literature on the relationship between climate change and
agriculture in Brazil. Section 3 contains a brief description of the empirical model used. Section
4 describes the scenarios and the simulation strategy. Section 5 presents and discusses the main
results. The sixth section contains the final remarks of the study.

2 Climate change and agriculture in Brazil

One of the first studies on the relationship between climate change and agriculture for
Brazil was Sanghi et al. (1997), who assessed the potential impacts of climate change on land

! According to studies by the Center for Advanced Studies in Applied Economics (Cepea), the employed
population in Brazilian agribusiness totaled 18.20 million people in 2018, corresponding to 19.82% of the total
employed persons in Brazil that year (CEPEA, 2019).
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value and the profitability of agriculture. Later, Mendelsohn and Dinar (1999) discussed the
effects of global warming on agriculture in Brazil (and also in India). Nobre and Assad (2005)
analyzed the effects of increasing temperature on Amazon ecosystems and on Brazilian
agriculture. Deconto (2008) investigated the loss of low-risk planting area for eight agricultural
crops in different regions of Brazil, generating area loss projections for the years 2010, 2020,
2050 and 2070 based on temperature increase projections from the 4® Assessment Report of
IPCC (IPCC, 2007). All these studies used a partial equilibrium approach.

In another line of studies, Domingues et al. (2008) analyzed the impacts on the Northeast
region of a shock in the availability of suitable land for agriculture in each state of that region
using a static interregional computable general equilibrium (CGE) model. Domingues et al.
(2010) used a recursive dynamic general equilibrium model to analyze the impacts of climate
change for Brazil distinguishing microregions and eight agricultural activities. Ferreira Filho
and Moraes (2014) used a static interregional general equilibrium model, calibrated for the year
2005, to investigate the effects of detailed shocks by agricultural product (eight products) and
by region (27 regions). The common element to these studies — besides the general equilibrium
approach — is that they depart from the same estimates of suitable area losses made by the
Brazilian Agricultural Research Corporation (Embrapa) and partners ( Deconto , 2008) derived
from the the 4th Assessment Report of IPCC (AR4) (IPCC, 2007) climate scenarios.

More recently, several studies have emerged for Brazil, with an agronomic focus or under
a partial equilibrium economic approach, which attempted to estimate the direct impact that
climate change projected for the rest of this century will have on the productivity of the main
agricultural crops in the country (Féres et al., 2009; Santos et al., 2011; Marin et al., 2013;
Araujo et al. 2014; Walter et al., 2014; Assuncdo and Chein, 2016; Pires et al., 2016; Cruz et
al. al.; 2016; Verhage et al.; 2017; Cera et al.; 2017; Tavares et al., 2018). These studies have,
in a very incipient way, enabled the first investigations of the impacts of climate change on
Brazilian agriculture using a general equilibrium approach.

Along these lines, Nazareth, Cunha and Gurgel (2018) used agricultural productivity
projections for different regions of Brazil — obtained from Assun¢do and Chein (2016) — and
for other regions of the world to assess the economic impacts for the country and the rest of the
world using a dynamic global CGE model for 5 regions of Brazil and 7 regions in the rest of
the world. Tanure et al. (2020) also used the projections of agricultural productivity lossess for
the period 2030 to 2049 generated by Assungéo and Chein (2016) to analyze the economic
impacts of climate change on the Legal Amazon region, using an interregional CGE model with
recursive dynamics. It should be noted, however, that there is still a strong limitation for studies
of this nature for Brazil, which is the lack of estimates of future agricultural productivity for
different agricultural crops covering the entire national territory, as required by the interregional
CGE models predominantly used in these types of studies for the country. The “suitable area”
variations projections, on the other hand, are generally available by crop and region, for the
entire national Brazilian territory, what makes this concept particularly well suited for the study.

Two attempts to overcome the aforementioned limitation, by generating estimates of the
direct effects of climate change on agricultural productivity in Brazil for use in CGE models,
can be found in Haddad et al. (2013) and Souza (2018). In Haddad et al. (2013) the authors
analyzed the impact of climate anomalies observed in 2005 on agriculture and the Brazilian
economy using a physical model integrated with an interregional CGE model. The physical
model aimed to estimate the direct impact of anomalies on agricultural productivity, while the
CGE model aimed to capture the systemic impacts on the rest of the economy. Along the same
lines, Souza (2018) also combined a physical model with an interregional CGE model to
analyze the direct and indirect impacts of climate change on agricultural productivity and the
Brazilian economy as a whole at the end of this century. The physical model sought to estimate
the direct impacts of climate change on the productivity of six important agricultural crops in
the country (soybean, sugarcane, corn, beans, coffee and orange), taking into account climate
change projections and scenarios of the 5th IPCC report. The CGE model used in the study
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tried to capture the indirect impacts of these productivity changes on agriculture — treated in the
model as an aggregate sector, without disaggregation by products — and on the rest of the
Brazilian economy.

3 Metodology

The empirical model used in this study is the dynamic TERM-BR, a detailed computable
general equilibrium model for the Brazilian economy, interregional, bottom-up, with annual
recursive dynamics. Its core theoretical framework comes from the TERM model (The
Enormous Regional Model) - a static CGE model developed for the Australian economy
(Horridge, Madden and Wittwer, 2005; Horridge, 2012) - and its dynamic extension (Wittwer
and Verikios, 2012). A static version of the TERM-BR has been widely used in studies for
Brazil (Santos and Ferreira Filho, 2007; Fachinello and Ferreira Filho, 2010; Pavdo and Ferreira
Filho, 2011; Ferreira Filho and Moraes, 2014; Diniz and Ferreira Filho, 2015; Santos and
Ferreira Filho, 2017; Silva and Ferreira Filho, 2018). The dynamic version of the model for the
Brazilian economy has also been used in several studies (Ferreira Filho and Horridge, 2014;
Ferreira Filho, Ribera and Horridge, 2015; Silva, Ruviaro and Ferreira Filho, 2017).

The dynamic version of TERM-BR used in this study is composed of 136 sectors
(industries), 136 commodities and 27 regions. These regions are represented by 27
interdependent models, one for each federation unit (26 states and the Federal District), linked
through the goods markets by an interregional trade matrix tracking the regions of origin and
destination of goods, and through the production factors market, with labor and capital being
treated as mobile among activities and regions. The model is calibrated for the year 2010 —
(Diniz, 2019) — using the Brazilian input-output matrix for that year and other official databases
that allow a detailed characterization of the Brazilian economy, such as the National Household
Sample Survey (PNAD), the Consumer Expenditure Survey (POF), the Municipal Agricultural
Production (PAM), all from the Brazilian Institute of Geography and Statistics (IBGE), as well
as numerous other sources. For the purpose of this study, the CGE model was aggregated at the
level of 15 regions, 34 commodities and 34 sectors, with 12 of these commodities and sectors
belonging to agriculture: 8 of them from agriculture itself (set of annual and permanent crops),
3 from livestock, and 1 from forestry and silviculture. The model also distinguishes 3 types of
production factors (labour, capital and land), 10 types of occupations in each region
(categorized by income classes), 10 types of occupations in each region and 2 types of margins
(trade and transport). Annex 1 presents a map with the 15 regions (Figure 1A) and the 34 sectors
of the aggregated model (Table 1B).

4 Simulation strategy and scenarios

The model is calibrated for 2010, requiring a historical simulation to update the database.
This was done so as to reproduce the path of the Brazilian economy for the period 2011 to 2017.

The baseline simulation (business-as-usual) was built under a few macroecomic
assumptions: real GDP (growth of 2.5% per year), demand for exports (3.0% per year),
population and labor force (15-69 years) . Population and labor force received shocks at the
regional level, as in the historical simulation. The growth of agriculture by region was projected
based on the assumptions of agricultural land supply (deforestation) in Brazil in Ferreira Filho
et al. (2018).

The policy shock simulation was based on the concept of loss of suitable area - or loss of
low risk area - for agriculture. The concept is adapted from the Agricultural Climate Risk
Zoning (ZARC) methodology, developed by Embrapa and applied in Brazil since for rural
credit and insurance policies. A suitable or low-risk area combines minimal production
conditions and a good chance of successful harvesting of the product under consideration
(greater than or equal to 80%). If the chance of success is less than 80% the area is considered
high risk and, therefore, not suitable for a particular crop.
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The climate change projections we used take stock of estimates of suitable or low-risk
area losses for eight agricultural crops for all municipalities in Brazil, for 2040, provided by
Embrapa and built in accordance with ZARC criteria. These estimates were originally
conceived as part of a broad study for the Brazilian economy called “Projeto Brasil 2040:
cendrios e alternativas de adaptagdo a mudanga do clima” (Project Brazil 2040: scenarios and
alternatives for adapting to climate change) (Brasil, 2015).

The low risk area loss estimates made by Embrapa involve several methodological steps,
departing from the global climate scenarios. The global models used to generate those estimates
were the Hadley Center Global Environmental Model version 2, from the UK, with the so-
called Earth System components (HadGEM2-ES); and the Model for Interdisciplinary Research
on Climate version 5 (MIROCS), from Japan. The results of the climate projections of these
global modelswere refined for the different regions of Brazil by through a dynamic downscaling
technique, using the regional climate model ETA, with a spatial resolution of 20 km x 20 km
(Brasil, 2016) .2 As the reference for climate projections, two of the four scenarios of the 5th
Assessment Report (ARS) of the IPCC (IPCC, 2014) were used: the RCP4.5 (intermediate or
less severe - with some stabilization of greenhouse gas emissions), and RCP8.5 (pessimistic or
more severe - with very high emissions of greenhouse gases and no mitigation effort).

Through this procedure, and using the Agricultural Scenario Simulator (SCenAgri),
Embrapa estimated, for 2040, the variations (losses or gains) of suitable — or low-risk — areas
for eight of the main agricultural crops from Brazil (cotton, rice, sugar cane, beans, corn,
soyben, sorghum and wheat), using the planted areas of 2012 as a reference. These eight crops
together accounted for 83.41% of the entire area planted with annual and permanent crops in
Brazil in 2012, and for 67.81% of the agricultural production value (IBGE, 2018c). Embrapa's
projections were made for all Brazilian municipalities for each of the two global models,
HadGEM2-ES and MIROCS, as well as for each of the RCP4.5 and RCP8.5 scenarios, thus
generating four different projection scenarios, identified in this paper by HadGEM4.5,
HadGEMS.5, MIROC.4.5 and MIROCS.5. The variations of suitable area at the municipal level
provided by Embrapa were aggregated to 15°. The eight crops shocks were also aggregated to
six, to meet the model’s sectoral definition.

Both the Intermediate Scenario (RCP4.5) and the Pessimistic Scenario (RCPS.5)
correspond to the arithmetic mean of the results of Embrapa's suitable area variations for 2040
for the HADGEMand MIROC respective scenarios. Figure 1Figure-+ summarizes the simulation
strategy and the scenarios.

2 The ETA regionalized climate model is operationalized at the Center for Weather Forecasting and Climate
Studies of the National Institute for Space Research (CPTEC/INPE/MCTI) over all of South America in the form
of numerical weather forecasting, and has been modified to perform climate simulations (Brasil, 2015).

3 Annex 2 presents a graph (Figure 2A) with the regional share of each aggregated region of the model (the 15
regions) in the total Brazilian production of each of the eight crops mentioned above (cotton, rice, sugarcane,
beans, corn, soybean, sorghum and wheat) in the year 2012. It allows one to have an idea of the relative importance
of each region in the national production of each of these crops.
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Figure 1. Synthetic schematic representation of the simulation strategy and scenarios.

Note: quadrants A, B and C synthesize the simulation strategies and scenarios from previous studies up to the
generation of projections of loss of area suitable for the eight agricultural crops in 2040. Quadrant D properly
synthesizes the simulation strategy and scenarios of the present study.

Source: prepared by the authors.

The final scenario results is presented in Table 1Fable-t. The variations in the accumulated
suitable areas projected for 2040 were transformed into average annual variations and
distributed throughout the 2018-2040 period*.In our simulation strategy we consider that the
total area is the area planted with each crop in each year in the baseline is suitable for the crops,
what turns the variations in suitable area in the shocks equivalent to the variations in planted
area.

Thus, the causality of the effects of the policy simulation starts with the change in the
suitable areas of the different crops, by region. This initial variation in areas leads to a process
of competition for land (and substitution among the other primary factors) as determined by
CES-type functions. The subsequent productive reallocation and the transmission of its effects
in the different markets lead to the final effects upon the economy.

It should be noted that, differently from previous studies, the most recent models adopted by the National Institute
for Space Research (INPE) for regional downscaling results include now information on changes in rainfall,
besides temperature. This inclusion generates markedly different results in comparison with other scenarios
produced by Embrapa in the past.



Table 1. Shocks of variation (%) of suitable area by sector and region - Intermediate and Pessimistic Scenarios -
(accumulated values for 2040)

Intermediate Scenario (RCP4.5) Pessimistic Scenario (RCP8.5)
Sectors Sectors
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ParaRond 000 000 000 000 000 000  0.00 0.00 0.00 0.00 0.00 0.00
RestN 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00
MaraToc 000 000 000 000  -024 000  -0.06 0.00 0.00 0.00 -3.88 0.00
Piaui 1989 +121 620 336  -23.09 -245 4402 +2046  -1955  -1972  +2562  -1030
RestNE 21091 =069 +1.04  -046 2497 +047  -1697  +274  +051 034  +899  +395
PernAlag  -11.56 277  -192  -08 000 +088  -1.00  +1684 253  -199 000  +7.81
Bahia 33.50 2856 -25.08 2472 41771 -1401  -11.83  +22.85  -19.97 22,65 +148.66  +5.16
MinasG 12,02 <1516 -1149 194 2877 -1083 953  -045  -1735 404 2632  -156l
RestSE 59.26  -41.36 000  -1938 000 -1395 -66.73  -0.05 000 2475 000  -16.66
SaoPaulo  -31.86 -17.35 -099  +1.08 4954 -509 2996  0.00 055 108 -39.97 325
Parana -19.00  -12.82 000  +82.94 -90.50 -628 2848  0.00 000  +8294  -4885  -697
RestS 000 000 000 +8294 6459 000  0.00 0.01 000  +8294 +232.52  0.00
MtGrSul 2671 <1992 001 000  -6897 -592 2515  -0.01 0.00 000 4143 283
MtGrosso ~ 0.00 000 000 000  -145 000  0.00 0.00 0.00 0.00 -1.19 0.00
RestCO 000 000 000 000  -013 000  -0.05 0.00 0.00 0.00 2.53 0.00

Source: Authors' own calculations.

Note: ParaRond = Para and Rondonia states; RestN = Rest of North region (Acre, Amapa, Amazonas and Roraima
states); MaraToc = Maranhdo and Tocantins states; PI = Piaui state; RestNE = Rest of Northeast region (Ceara,
Paraiba, Rio Grande do Norte and Sergipe states); PernAlag = Pernambuco and Alagoas states; Bahia = Bahia
state; MinasG = Minas Gerais state; RestSE = Rest of Southeast region (Rio de Janeiro and Espirito Santo states);
SaoPaulo = Sdo Paulo state; Parana = Parana state; RestS = Rest of South region (Santa Catarina and Rio Grande
do Sul states); MtGrSul = Mato Grosso do Sul state; MtGrosso = Mato Grosso state; RestCO = Rest of Midwest
region (Goias state and Federal District).

Table 1Fable-t shows that the shocks applied are predominantly negative (indicating loss
of suitable area) in both scenarios, but especially in the Intermediate (RCP4.5). In this scenario,
the most severe negative shocks — in terms of absolute magnitudes — are for soybean, followed
by rice and other cereals, and corn, in several regions. The most negative shocks occur in almost
the entire Northeast region, in the entire Southeast region, in practically the entire South region,
and in part of the Midwest region (particularly Mato Grossso do Sul) . Relevant positive shocks
(gain of suitable area) appear only for sugar cane in the southern region of Brazil (Parana and
RestS).

In the Pessimistic Scenario (RCP8.5), although negative shocks also predominate, there
is a higher frequency of positive shocks than in the Intermediate. In this scenario the most severe
negative shocks are for rice and other cereals, and in some cases, for soybean. In regional terms,
the most frequent and intense negative shocks appear in the Southeast region, part of the
Northeast region (Piaui and Bahia), part of the South (Parand) and part of the Midwest region
(particularly Mato Grosso do Sul). For corn, positive shocks predominate (gain of suitable
area); however, the most significant positive shocks occur for soybean in the Rest of the South,
Bahia and Piaui. The shocks for sugarcane in Parand and RestS are also positive in both



scenarios, and this is mainly due to the good response of this crop to increases in temperature
and CO» concentration during a certain period. In a longer time horizon — beyond 2040 — the
crop would react poorly to the continued rise in temperature and CO: concentrations, which
would exceed the optimal levels, implying a reduction in the suitable area.

It is important to stress that, in addition to the absolute magnitudes of these suitable area
shocks, the structure of the sectoral composition of economic activities in each region plays a
decisive role in the expected final impact of the shocks on different Brazilian regions. In
particular, it is important to know in advance the shares of each agricultural activity in the
production value of each regional economy in the base year (2010). Table 2Fable-2 provides this
information for the eight agricultural sectors in the regional production value in the base year
(2010) for each of the 15 aggregated regions of the model.

Table 2. Share of the agricultural sectors in the value of regional production of all activities in the base year (2010).

Sectors
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ParaRond 0.0017  0.0027  0.0001  0.0005 0.0034  0.0155 0.0031 0.0091  0.0361

RestN 0.0008  0.0007  0.0003  0.0019  0.0015  0.0109 0.0005  0.0023  0.0189
MaraToc 0.0064  0.0037  0.0014  0.0060  0.0206  0.0111  0.0003 0.0016  0.0511
Piaui 0.0021  0.0048  0.0009 0.0011  0.0158  0.0068 0.0005 0.0016  0.0336
RestNE 0.0003  0.0015  0.0001  0.0040  0.0007  0.0081  0.0002 0.0056  0.0205
PernAlag 0.0001  0.0003  0.0001  0.0176  0.0005  0.0047 0.0002  0.0057  0.0292
Bahia 0.0001  0.0034  0.0056  0.0021  0.0082 0.0133  0.0031 0.0173  0.0531
MinasG 0.0002  0.0036  0.0002  0.0050  0.0032  0.0076  0.0145  0.0022  0.0365
RestSE 0.0000  0.0000  0.0000  0.0005  0.0001  0.0006 0.0019  0.0008  0.0039
SaoPaulo 0.0000  0.0005  0.0000  0.0074  0.0004  0.0010  0.0005  0.0028  0.0126
Parana 0.0037  0.0084  0.0000 0.0053  0.0208  0.0119 0.0017  0.0021  0.0539
RestS 0.0070  0.0038  0.0000  0.0003  0.0112  0.0125 0.0000  0.0033  0.0381

MtGrSul 0.0016  0.0132  0.0042  0.0293  0.0471  0.0046  0.0002  0.0003  0.1005
MtGrosso 0.0035  0.0144  0.0327 0.0086  0.1178  0.0107  0.0003  0.0020  0.1900
RestCO 0.0004  0.0035  0.0023  0.0051 0.0126  0.0063  0.0002  0.0008 0.0312

Source: Model database.
Note: (*) Annual crops + Permanent crops.

The importance of agriculture for the economies of Mato Grosso and Mato Grosso do Sul
is noteworthy, with shares of 19% and 10% in the total of regional production value,
respectively. These regional economies are, for this reason, heavily dependent on the
performance of agricultural activities to regional GDP. It is also important to note the relevant
role of soybean cultivation in these regions: the soybean sector alone accounts for 11.8% of
Mato Grosso's and 4.7% of Mato Grosso do Sul's production value in the base year (2010) .
Although these activities — soybean cultivation and agriculture as a whole — are also quite
traditional in Parand and the Rest of the South, these regions (especially the state of Parand)
have a more diversified economy and, therefore, are less dependent on these activities,
compared to Mato Grosso and Mato Grosso do Sul.
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Finally, it is important to note that in the policy simulations substitution among
agricultural crops and among activities (sectors) using land, which involves 11 sectors of the
model, are allowed. This means that even agricultural activities that were not subject to shock
in the simulation (coffee and other permanent crops) and other land-using activities (livestock,
milk productions and forestry) may vary - for more or for less - as a result of resource allocation
process after the policy shock.

5 Results

The results presented throughout this section refer to deviations of policy shocks (climate
change shocks) from the baseline, accumulated up to 2040.

Table 3 shows the changes in production, land use and exports , by agricultural activity,
for each of the two climate change scenarios: Intermediate (RCP4.5) and Pessimistic ( RCP8.5).
Interestingly, the negative impacts are higher for the Intermediate Scenario than for the
Pessimistic one, for all activities listed in the table. Changes in production are mainly due to
regional variations in the suitable areas (losses or gains).

In the Intermediate Scenario, only two of the twelve agricultural activities would have
their production negatively affected by climate change, soybean (-30.26%) and cotton (-1.47%).
For other agricultural activities there would be an increase in production compared to the
baseline scenario, with emphasis on rice and other cereals (6.77%). In the case of rice and other
cereals, even having originally suffered loss of suitable area in the simulation implemented in
the Intermediate Scenario, the combination of direct and indirect effects from the allocation of
resources in response to climate change and the change in the relative prices of inputs and
products would lead to a net expansion of production in Brazil, although in different regions>.
In the case of sugarcane, the increase in production in Brazil is due to the improvement in the
performance of the crop under conditions of increased temperature and CO; concentration in
the timeframe of the study. Over a longer time horizon, with continuing increases in
temperatures and CO; emissions, this trend of growth in production is expected to reverse. Table
3Fable3shows that in all cases land use and production variation moves in the same direction.

Table 3. Percentage change in production, land use and exports, by agricultural activities - Brazil - (accumulated in 2040)

Intermediate Scenario (RCP4.5) Pessimistic Scenario (RCP8.5)
Agricultural Activity
Production  Land Use Export Production  Land Use Export
Rice and other cereals 6.77 9.49 18.06 -10.48 -14.01 -19.52
Corn 2.28 2.65 9.39 -0.45 -0.65 -0.74
Cotton -1.47 -2.65 -2.24 -3.05 -4.60 -6.97
Sugar cane 3.89 3.99 0.00 2.01 1.99 0.00
Soybeans -30.26 -39.90 -51.19 0.24 -2.63 2.65
Other annual crops 2.29 4.88 9.37 -1.54 -2.98 -6.85
Coffee 2.42 2.96 4.20 0.83 0.98 1.40
Other permanent crops 1.02 2.10 8.87 -1.02 -1.73 -5.79
Livestock 2.14 3.09 2.78 -0.92 -1.44 -0.42
Milk production 1.95 3.85 0.00 -0.92 -1.80 0.00
Hogs and poultry 0.71 0.00 1.90 -0.33 0.00 0.07

> Maratoc, Parana and RestS are the relevant regions of productions for the Rice and other cereals aggregate.
Parana’s share in total production is 18.4%. Although Parana gets a negative shock, RestS (60%) and Paratoc
(6.5%) are not affected in this scenario.
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Forestry 3.02 5.31 9.32 -0.93 -1.65 -2.36

Source: Model results.

The impacts of climate change on Brazilian agricultural exports in the Intermediate
Scenario reveal that, in the case of soybean, there would be a 50% drop in the volume exported
in 2040. There would also be a drop in cotton exports, but in a much lower magnitude (2.24%),
following the behavior of production and land use. The other agricultural activities shown in
Table 3 would register expansion in exports under the conditions simulated in the Intermediate
Scenario.

An important aspect to highlight regarding these simulated results for agriculture in Brazil
is that, in general, they do not seem to jeopardize Brazil’s role in supply of food, fiber and
energy for the domestic and the rest of the country markets, under the conditions simulated for
the Intermediate Scenario, but soybeans is an exception. The reduction of Brazilian production
in the magnitude projected for this scenario may is significant. The simulation indicates that the
price of soybean in Brazil would increase by more than 20% (21.56%) in the accumulated for
2040 in the Intermediate Scenario.

In the Pessimistic Scenario, negative impacts of climate change on Brazilian agricultural
production predominate, but it would be more accentuated only in the case of rice and other
cereals, and cotton (the latter to a lesser extent). The exceptions would be sugarcane, coffee and
soybean, which would register a small increase in production in relation to the baseline. The
three variables — production, land use and exports — are also strongly associated in this scenario,
with exports showing more intense declines than those projected for production, similarly to
the Intermediate Scenario. Therefore, out of all the food crops analyzed, in the Pessimistic
Scenario only the case of rice and other cereals would present a supply risk in the domestic
market.

Table 4Fable4 complements the analysis at the national level. It shows changes in
employment by activity for both scenarios. In general, the results are in line with the behavior
of the production, land use and exports variables in Table 3Fable-3. For the Intermediate
Scenario, soybean loses more than 22% of jobs for Brazil as a whole, while rice and other
cereals, and sugar cane are the ones employment grows. In the Pessimistic Scenario, the
behavior changes substantially and soybean, as it adapts better to the climatic conditions of this
scenario, would present a slight increase in employment, while rice and other cereals lost almost
9% of their occupations.

Table 4. Percentage change in employment, by agricultural activities - Brazil - (accumulated for 2040)

Employ
Agricultural Activity Intermediate Scenario Pessimistic Scenario
(RCP4.5) (RCP8.5)
Rice and other cereals 541 -8.65
Corn 1.83 -0.37
Cotton -0.60 -1.98
Sugar cane 3.58 1.97
Soybeans -22.32 1.79
Other annual crops 0.68 -0.60
Coffee 2.05 0.73
Other permanent crops 0.19 -0.48

Livestock 1.26 -0.60
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Milk production 0.50 -0.29
Hogs and poultry 0.60 -0.33
Forestry 1.46 -0.47

Source: Model results.

Table 5Fable-5 and Table 6Fable6 show the regional variations in the production of
agricultural activities for the 15 Brazilian regions specified in the aggregation adopted in the
TERM-BR model.

In the Intermediate Scenario, as shown in Table 5Fable-S, soybean would present a
reduction in production in all 15 regions, with great variability in these results (between -0.27%
in the Rest of the North to -59.73% in Parand). Besides Parana, a sharp drop in soybean
production would also be seen in Mato Grosso do Sul, RestS, Séo Paulo, as well as Rest of
Northeast, Minas Gerais, RestSE, Bahia, Mato Grosso, Piaui and RestCO. Parana and RestS
would be the only regions that would show growth in the production of all analyzed agricultural
activities, except for soybean, with sugarcane production expanding the most (52% in Parana
and almost 20% in RestS).

Table 5. Production variation, by agricultural activities — Brazil and 15 Brazilian regions — Intermediate Scenario (RCP4.5) —
(Percentage change, accumulated for 2040)

Agricultural Activity
g & 0 g E
. = ° & 5 2
Region IS o @) 5 E =
= P ) © - =] =
=] < =] : Q S =] >
=t o 15 < [ 3 = g Z
g g = ] > 8 I 2 " s 2
g £ £ 5 S| 2 £ 2 g = E S
& S S 7 A S S 5 3 = | = | £
ParaRond 1.24 0.36 0.50 -0.27 239 -0.15 1.05 0.00 0.08 -0.86 0.06 -0.16
RestN 1.67 0.50 0.17 -0.27 -0.27  -0.37 0.95 -0.05 0.04 -0.78 024 -0.27
MaraToc 1.90 0.42 0.57 0.20 -2.50  -0.04 0.85 -0.12 0.01 -0.78 -0.05 -0.10
Piaui -3.08 0.91 0.11 -0.15 -6.71 0.28 0.97 0.17 0.92 -0.16 0.21 0.82
RestNE -2.85 0.18 1.43 -0.20  -12.06 0.27 0.39 0.18 -0.04 -0.59 0.22 0.59
PernAlag -3.20 -0.46 0.43 -0.14 -0.97 0.17 0.47 0.15 0.02 -0.51  0.20 0.39
Bahia 929 -1021 -840 -10.58 -8.35 1.00 2.34 0.97 1.27 0.26 0.05 1.02
MinasG 0.29 -3.17 -2.98 1.69 -11.88  0.33 2.22 0.32 0.40 -0.03 0.05 0.38
RestSE -23.66 -16.06 0.69 -6.84 -8.62 0.34 1.92 0.24 0.25 -0.10 0.21 0.28
SaoPaulo -8.31 -5.09 0.46 1.96 -2890 0.10 2.24 0.12 1.08 0.11 0.34 0.40
Parana 10.26 11.45 15.51 52.78 -59.73 9.16 9.59 9.53 1576 11.07 1.83 14.07
RestS 8.26 8.11 5.64 19.77  -35.62 3.62 6.55 3.70 6.48 4.62 1.89 4.9
MtGrSul -5.88 -4.63 3.31 5.13 -4392  1.76 3.76 2.21 3.55 1.49 0.36 1.17
MtGrosso 3.62 1.20 0.92 1.76 -7.80 0.29 2.60 0.95 1.26 0.38 0.78 0.06
RestCO 3.42 1.18 0.43 0.69 -6.08 0.02 2.04 0.73 0.49 -0.29 054 -0.09
Brazil 6.77 2.28 -1.47 3.89 -30.26  2.29 2.42 1.02 2.14 1.95 0.71 3.02

Source: Model results.

In the Pessimistic Scenario( Table 6Fable-6), the simulation points to a drop in the
production of rice and other cereals for all 15 Brazilian regions. The highest fall would be
registered for the RestSE (-34.26%), Piaui (-14.22%), Sao Paulo (-13.81%) and RestS (-
13.07%). In this scenario, the projected expansion of soybean production in three regions also
stands out: Bahia (42.79%), RestS (38.08%) and Piaui (5.18%). In contrast, there would be a
sharp drop in other regions, such as Mato Grosso do Sul (-21.29%), Sao Paulo (-18.69%) and



12

Parana (-18.20%). At the national level, as already mentioned, soybean production would
change little in this scenario as a result of climate change (increase of 0.24%), contrasting with
the performance projected for the Intermediate Scenario. In general, RestS, Parana and Bahia
would be the regions with the greatest variability in production for the set of agricultural
activities analysed in this study.

Table 6. Production variation, by agricultural activities — Brazil and 15 Brazilian regions — Intermediate Scenario (RCP8.5) —
(Percentage change, accumulated for 2040)

Agricultural Activity
2 s . | £
5} (=3 f=% = =
Region g 2 S 5 S
g o g - &) O - 3 -
o < S ; . B) <] 5]
5] S s < o 3 = g 2
S S| 5| 2| s &|s| 3|5 5| 3
RN NI N N N AR
& ) o 7] » o o) o 3 = T =
ParaRond -0.76 0.15 0.22 -0.20 -0.14 0.17 0.38 0.07 -0.12 0.51 0.03 0.00
RestN -1.58 0.20 -0.14 -0.09 -0.12 0.30 0.36 0.16 -0.18 0.52  -0.15 0.00
MaraToc -2.46 0.22 0.25 0.00 -1.41 0.19 0.46 0.24 0.01 0.60 0.11 0.01
Piaui -14.22 2.14 -4.56 -6.57 5.18 0.00 0.33 -0.02  -0.79 0.18 0.01 -048
RestNE -7.92 0.96 0.87 -0.51 4.71 -0.08 0.52 -0.01 -0.05 030 -0.08 -0.35
PernAlag -2.43 5.60 -0.46 -1.61 1.33 -0.01 0.39 -0.13  -0.12 0.19 -0.08 -0.32
Bahia -7.93 4.69 -10.67 -1445 4279 -1.73 270 -229 322 -194 -0.12 -221
MinasG -6.81 0.36 -5.98 -1.30 -8.85 0.54 0.91 0.40 0.48 0.51 0.00 0.44
RestSE -34.26 0.72 -0.07 -9.19 -2.05 0.81 0.96 0.44 0.57 068 -0.12 0.52
SaoPaulo -13.81 0.69 -0.47 1.09 -18.69  0.79 0.85 0.39 0.37 0.84 -0.07 046
Parana -8.81 5.57 5.30 3743  -1820 441 4.08 4.39 5.08 465 020 528
RestS -13.07 -12.00 -10.83 7.01 38.08 -794 -10.03 -8.19 -10.54 -849 -1.85 -9.38
MtGrSul -11.03 1.94 0.96 2.29 -2129 150 1.63 1.34 1.57 1.37  0.19 0.78
MtGrosso -2.06 0.40 -0.36 0.32 -1.50 0.45 0.72 0.43 0.13 0.76 0.06 0.14
RestCO -2.61 0.34 -0.41 0.12 -2.04 0.40 0.48 0.35 0.24 0.56 0.04 0.11
Brazil -1048  -0.45 -3.05 2.01 0.24 -1.54 0.83 -1.02  -092 -092 -033 -093

Source: Model results.

Other selected macroeconomic results are shown in Table 7. Real GDP for Brazil would
contract in both scenarios, and the same would happen in most Brazilian regions. Interestingly
enough, the reduction in real GDP for Brazil as a whole would be greater in the Intermediate
Scenario than in the Pessimist, and the same happens for most regions. This result is basically
linked to the behavior of the soybean, which presented a large drop in production in the
Intermediate Scenario (-30.30%), compared to a slight production gain (0.24%) in the
pessimistic scenario, affecting relatively more important soybean-producing states, such as
Mato Grosso and Mato Grosso do Sul in the Intermediate Scenario. These results shed light on
the role of precipitation in predicting climate change for agriculture. Previous results with
scenarios from the 4th IPCC Report - AR4 (Ferreira Filho and Moraes, 2014) found a greater
drop in GDP for both Brazil and soybean-producing regions. Those scenarios, however, did not
take into account precipitation, only temperature changes. The inclusion of ARS precipitation
information in the crop models is crucial to the soybean response, which is actually better in
the Pessimistic Scenario than in the Intermediate one.
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The main agricultural producing regions in Brazil show the biggest drops in real GDP in
both scenarios, an expected result due to the nature of the shocks. In some cases, these results
on GDP differ significantly from results found in other studies for Brazil, but direct
comparisons among different studies require caution, as the set of criteria used in the
simulations (scenarios, closures, databases, model, time horizons, etc.) are usually quite
different from each other. For example, Domingues et al. (2010), when analyzing the impacts
of climate change on the Brazilian economy for the year 2050, estimated losses of around 0.5%
in real GDP in one of the scenarios (scenario A2, from the 4th Assessment Report of the IPCC)
and 2.3% in another scenario (B2). Ferreira Filho and Moraes (2014), on the other hand, found
real GDP reductions for Brazil of 0.28% in one of the simulated scenarios (A2) for the year
2020, and a drop of 1.12% in another less severe scenario (B2) for 2070. In this study, however,
the authors additionally imposed a reduction in the total agricultural area in each region
equivalent to the total loss of suitable (or low-risk) area of the region with the crops, under the
hypothesis that those areas would not be occupied by another crop. This may have, to some
extent, overestimated the negative impacts on the agricultural sector and on GDP. In contrast,
in the simulations implemented in this study, the possibility of replacing one crop by another
was allowed, and this replacement was treated endogenously. In particular, livestock and
forestry play a prominent role in this process in the Intermediate Scenario, occupying a
significant part of the areas lost by agriculture. In the Pessimistic Scenario, the areas lost by
some crops are completely replaced by other agricultural crops.

The results shown in Table 7 reveal large differences in the behavior of real GDP among
Brazilian regions as a consequence of projected climate change for 2040. They suggest that in
the Intermediate Scenario (RCP4.5) there will be a decline in real GDP for 13 of the 15 regions
specified, and that the states of Mato Grosso do Sul, Parana, Mato Grosso and Bahia will be the
regions that would bear the worse effects. It is noteworthy that these four states, in addition to
having agriculture as a very important part of their economies - especially Mato Grosso and
Mato Grosso do Sul - are also important producers of soybean, and which also stands out in the
form of bran, oil and as raw material for the chicken meat exported by the country. Therefore,
the intersector resource allocation process driven by climate change in the Intermediate
Scenario would not be enough to offset the GDP losses resulting from the retraction in the area
suitable for soybean cultivation in these four regions. In all of them, real GDP should decline
more than at the national level.

For regions where soybean cultivation is non-existent or not relevant in the overall
regional agricultural production, or where it is relevant but the process of allocating resources
to other activities almost compensates for the losses arising from the retraction of the area with
soybean, the impacts on regional GDP are smaller.

Table 7 — Results of climate change shocks on the main macroeconomic variables — Brazil and
15 Brazilian regions — Intermediate and Pessimist Scenarios (% change accumulated in 2040)

Macroeconomic Variables
=
) i i
° S - = B <
. E = | 82| 3| £ | £ | ¢ % | £
Region 5 e 2 E E z z z E 3
3 — = 3 — 3 15 15 - —_ ]
3 S g g = & g £ S 5
2 3 o £ s = ) 4 O
Brazil RCP4.5 -0.15 -0.12 -0.18 -0.42 -0.30 0.00 -0.05 -0.08
Trazi
RCP8.5 -0.04 -0.07 -0.10 0.15 0.10 0.00 -0.09 -0.03
RCP4.5 -0.01 -0.04 -0.01 0.82 -0.12 0.01 0.02 -0.02
ParaRond
RCP8.5 0.02 0.05 0.04 0.13 0.04 0.01 0.02 0.01
RCP4.5 0.00 -0.04 0.02 0.68 -0.14 0.00 0.02 0.01
RestN

RCP8.5 0.01 0.03 0.04 0.03 0.00 0.00 0.00 0.01




14

RCP4.5 -0.03 -0.15 -0.05 0.56 -0.23 0.00 -0.08 -0.06
MaraToc

RCP8.5 -0.02 0.02 -0.02 0.06 0.00 0.00 -0.01 -0.02
Piaui RCP4.5 -0.11 -0.23 0.07 0.35 -0.38 -0.01 -0.15 -0.08
iaui

RCP8.5 0.02 0.02 -0.09 0.68 0.21 0.00 -0.01 -0.03

RCP4.5 -0.04 -0.09 -0.11 0.36 -0.22 0.00 -0.02 -0.07
RestNE

RCP8.5 -0.01 -0.04 -0.03 0.43 0.13 0.00 -0.07 -0.01

RCP4.5 -0.02 -0.07 -0.04 1.11 -0.21 0.00 -0.01 -0.04
PernAlag

RCP8.5 -0.07 -0.09 -0.12 0.50 0.05 0.00 -0.12 -0.06
Bahi RCP4.5 -0.20 -0.33 -0.38 0.56 -0.36 -0.01 -0.25 -0.21
ahia

RCP8.5 0.03 0.04 0.17 1.85 0.27 0.00 0.01 0.13
. RCP4.5 -0.03 -0.10 -0.06 -0.62 -0.17 0.00 -0.03 -0.05
MinasG

RCP8.5 -0.04 -0.09 -0.09 -0.96 0.04 0.00 -0.12 -0.04
RestSE RCP4.5 -0.09 -0.13 -0.19 0.18 -0.45 0.00 -0.06 -0.10
es

RCP8.5 -0.06 -0.11 -0.17 0.06 -0.11 0.00 -0.13 -0.08

RCP4.5 -0.04 -0.10 -0.15 -0.94 -0.31 0.00 -0.04 -0.07
SaoPaulo

RCP8.5 -0.01 -0.04 -0.05 -0.39 0.12 0.00 -0.07 -0.02
P RCP4.5 -1.24 -0.16 -0.68 -0.57 0.27 0.03 -0.12 -0.09
arana

RCP8.5 0.07 0.48 0.38 -0.51 0.12 0.05 0.40 0.19
RestS RCP4.5 -0.09 0.07 0.03 -0.78 -0.41 0.01 0.12 0.02
es

RCP8.5 -0.23 -0.44 -0.58 1.21 0.58 -0.03 -0.43 -0.14

RCP4.5 -1.98 -1.24 -1.89 -2.65 -1.31 -0.06 -1.12 -0.81
MtGrSul

RCP8.5 -0.83 -0.53 -0.89 -1.77 -0.46 -0.02 -0.53 -0.41

RCP4.5 -0.37 -1.11 -1.03 3.08 -1.35 -0.07 -0.98 -0.93
MtGrosso

RCP8.5 -0.09 -0.15 -0.28 0.51 -0.21 -0.01 -0.18 -0.20

RCP4.5 0.00 -0.03 -0.07 1.66 -0.28 0.01 0.02 -0.09
RestCO

RCP8.5 -0.01 -0.01 -0.04 0.33 0.04 0.00 -0.04 -0.02

Source: Model results.

In the Intermediate Scenario (RCP4.5), for Brazil as a whole, all GDP components show
a decline, including net exports. In terms of trade flows, the impacts of climate change in the
Intermediate Scenario were more heterogeneous across the six regions. For exports, Mato
Grosso do Sul (-2.65%), Sao Paulo (-0.94%), RestS (-0.78%) would present the worse results.
The drop of more than 2.65% in exports from Mato Grosso do Sul is the largest percentage
change among all the values shown in Table 7. Some regions, such as Mato Grosso, RestCO,
Pernambuco/Alagoas, Pard/Rondonia, RestN, Maranhdo/Tocantins, show a notable increase in
exports. For Brazil as a whole, climate change would cause a drop of 0.42% in aggregated
exports in the Intermediate Scenario, as a consequence of the high share of agricultural
products. In the case of imports, results point to a drop both for Brazil as a whole and for all
regions represented in Table 7, generally following the behavior of the real GDP.

The national employment was kept fixed at baseline levels throughout the simulations.
However, regional and sectoral employment vary endogenously. In the Intermediate Scenario,
employment would change little in relation to the baseline for the different regions of Brazil.®
However, real wages would show a modest decline for Brazil as a whole, especially in Mato
Grosso do Sul, Mato Grosso, and Bahia. The impacts on GDP would be smaller for the
Pessimistic Scenario (RCP8.5), as shown in Table 7. GDP falls are more accentuated in Mato
Grosso do Sul, RestS and Mato Grosso, contrasting with increases in Parand, both for
consumption and for the real investment. It is worth mentioning the increases in exports by
Bahia, RestSRestS and Piaui, and the falls in Mato Grosso do Sul and RestS. Real wage would

% Small variations for this variable were also found in Silva, Ruviaro and Ferreira Filho (2017). The authors present
the results obtained for employment in six Brazilian regions. All values found in that study were between -0.03%
and +0.18% in the accumulated in 2035 (final year of analysis of that study).
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also show a greater downward trend, especially in regions with a higher volume of agricultural
production.

A sensitivity analysis was carried out with the values of a central parameter in this study,
the elasticity of substitution among primary production factors for agricultural activities. The
analysis was carried out for the Intermediate Scenario, varying by 10% more or less the value
of that elasticity. As can be seen from Table 8, regional GDP results are stable for most regions.
The exception is the state of Mato Grosso, which has a greater variation between these
simulations. Again, this result is associated with the importance of soybean in the region.
Although the magnitude of variation is different, however, its direction is the same in all three
cases.’

Table 8 — Sensitivity analysis for regional real GDP for the Intermediate Scenario — Percentage
change - (accumulated in 2040)

Real GDP
) (Intermediate Scenario - RCP4.5)
Region ; . ; N - ..
Using Elasticity Using Original Using Elasticity
Substitution 10% lower  Elasticity Substitution  Substitution 10% higher
ParaRond -0.01 -0.01 -0.01
RestN 0.01 0.00 0.00
MaraToc -0.01 -0.03 -0.04
Piaui -0.10 -0.11 -0.11
RestNE -0.04 -0.04 -0.04
PernAlag -0.02 -0.02 -0.02
Bahia -0.21 -0.20 -0.19
MinasG -0.03 -0.03 -0.03
RestSE -0.09 -0.09 -0.09
SaoPaulo -0.04 -0.04 -0.04
Parana -1.26 -1.24 -1.22
RestS -0.08 -0.09 -0.10
MtGrSul -2.00 -1.98 -1.95
MtGrosso -0.17 -0.37 -0.47
RestCO 0.01 0.00 -0.01

Source: Model results.

Table 9 shows the results of the same sensitivity analysis as before, but now for
production of each of the 12 agricultural activities in the model, at the national level, for the
Intermediate Scenario. As in the previous case, the results varied little for most activities, and
the direction of variations is the same in all three situations.

Table 9 — Sensitivity analysis of variation in agricultural production by activity for the
Intermediate Scenario — Percentage change - (accumulated to 2040)

Production Variation

7 The national GDP, however, practically does not vary in the sensitivity analysis. Variations are -0.150 for the
original analysis, -0.146 when the elasticity of substitution is 10% lower, and -0.150 when that parameter has a
value 10% higher.
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(Intermediate Scenario - RCP4.5)

Agricatual Actvity e Bty Subsiuion 100
lower Substitution higher
Rice and other cereals 7.09 6.77 6.47
Corn 2.32 2.28 2.24
Cotton -1.52 -1.47 -1.28
Sugar cane 4.09 3.89 3.70
Soybeans -30.87 -30.26 -29.64
Other annual crops 2.48 2.29 2.11
Coffee 247 242 2.37
Other permanent crops 1.11 1.02 0.94
Livestock 221 2.14 1.97
Milk production 2.08 1.95 1.84
Hogs and poultry 0.72 0.71 0.70
Forestry 3.10 3.02 297

Source: Model results.

In what follows we present some welfare effects. Table 10 shows, overall, a reduction in
real household consumption in the Intermediate Scenario (RCP4.5) for all income categories in
all regions of Brazil, with the exception of the RestS. The decline would be more intense in
Mato Grosso do Sul and Mato Grosso, for all income classes (POF1 to POF10), and lower in
Bahia, Piaui and Maranhdo/Tocantins. All these regions, in addition to having a large share of
agriculture in their economies, are also important soybean producers (especially Mato Grosso
and Mato Grosso do Sul). The reduction in household consumption then strongly influenced by
the contracton in the suitable area of soybeans, followed by a drop in production and exports of
oilseeds, with a consequent drop in real wages and real GDP. Additionally, simulation results
for Brazil as a whole — not shown in the tables — suggest that the decline in real household
consumption in this Intermediate Scenario is likely to occur slightly more intensely for lower-
income groups.

Table 10 — Variation (%) in real household consumption by region and by income categories
(accumulated values for 2040) - Intermediate Scenario (RCP4.5)

POF1 POF10
Region (poorest)  POF2 POF3 POF4  POF5 POF6  POF7 POF8 POF9 (richest)
ParaRond -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.04 -0.04
RestN -0.05 -0.04 -0.04 -0.05 -0.04 -0.05 -0.04 -0.06 -0.04 -0.04
MaraToc -0.17 -0.17 -0.16 -0.15 -0.16 -0.16 -0.14 -0.15 -0.15 -0.13
Piaui -0.22 -0.23 -0.23 -0.23 -0.23 -0.22 -0.24 -0.23 -0.23 -0.22
RestNE -0.08 -0.08 -0.08 -0.08 -0.09 -0.09 -0.10 -0.09 -0.09 -0.09
PernAlag -0.05 -0.06 -0.07 -0.06 -0.07 -0.08 -0.07 -0.08 -0.08 -0.08
Bahia -0.33 -0.33 -0.34 -0.32 -0.32 -0.33 -0.32 -0.32 -0.32 -0.32
MinasG -0.12 -0.09 -0.10 -0.10 -0.06 -0.11 -0.10 -0.10 -0.10 -0.09

8 POF1, ranges from 0 to 2 minimum wages; POF2, more than 2 to 3; POF3, more than 3 to 5; POF4, from more
than 5 to 6; POFS5, more than 6 to 8; POF6, from more than 8 to 10; POF7, from more than 10 to 15; POFS, from
more than 15 to 20; POF9, from more than 20 to 30; and POF10, above 30 minimum wages. The minimum wage
in Brazil in 2010 was R$ 510.00 per month (approximately US$ 290.00 dollars, considering the average rate of
the American currency in 2010, US$ 1.00 =RS$ 1.76).
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RestSE -0.13 -0.12 -0.12 -0.12 -0.12 -0.13 -0.12 -0.11 -0.13 -0.13
SaoPaulo -0.10 -0.09 -0.08 -0.06 -0.11 -0.11 -0.11 -0.10 -0.11 -0.10
Parana 0.12 -0.18 -0.14 -0.14 -0.22 -0.18 -0.22 -0.26 -0.13 -0.14
RestS 0.10 0.09 0.09 0.07 0.07 0.06 0.10 0.10 0.04 0.07
MtGrSul -1.29 -1.32 -1.28 -1.27 -1.31 -1.25 -1.30 -1.14 -1.25 -1.20
MtGrosso -1.12 -1.11 -1.11 -1.11 -1.10 -1.11 -1.15 -1.14 -1.15 -1.09
RestCO -0.01 -0.01 -0.02 -0.03 -0.04 -0.03 -0.02 -0.04 -0.03 -0.04

Source: Model results.

Table 11 shows the variation in real household consumption in 2040 in the Pessimistic
Scenario (RCP8.5). Household consumption drops in this scenario for most income classes and
in almost all regions of Brazil, with the exception of Pard/Rondonia, RestN,
Maranhdo/Tocantins, Piaui, Bahia and Parana. In these regions, increases in real household
consumption for the different income categories prevail, compared to the baseline scenario. For
the regions that registered a decrease, real households consumption decline more for the lower-
income classes, compromising more the welfare of these groups of poorer households. In cases
where there is an increase in real household consumption, climate change causes greater welfare
gains for the higher-income classes than for the lower-income classes, with the exception of
Parand. In other words, in the Pessimistic Scenario (RCP8.5) climate change, in general,
worsens the welfare of lower-income groups more than those of higher-income groups.

Table 11 — Variation (%) in real household consumption by region and by income categories
(accumulated values for 2040) - Pessimistic Scenario (RCP8.5)

Region POF1  POF2 POF3 POF4 POF5 POF6 POF7 POF8 POF9  POF10

ParaRond 0.03 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.06 0.07
RestN 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04
MaraToc 0.00 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03
Piaui 0.00 0.01 0.01 0.02 0.01 0.02 0.01 0.03 0.02 0.04
RestNE -0.05 -0.05 -0.05 -0.04 -0.04 -0.03 -0.03 -0.03 -0.03 -0.02
PernAlag -0.12 -0.11 -0.10 -0.10 -0.09 -0.09 -0.09 -0.07 -0.09 -0.08
Bahia -0.01 0.00 0.03 0.02 0.03 0.05 0.05 0.06 0.06 0.08
MinasG -0.12 -0.11 -0.11 -0.10 -0.09 -0.10 -0.09 -0.09 -0.09 -0.07
RestSE -0.12 -0.14 -0.14 -0.12 -0.12 -0.12 -0.11 -0.11 -0.10 -0.09
SaoPaulo -0.06 -0.07 -0.06 -0.07 -0.06 -0.05 -0.04 -0.04 -0.03 -0.02
Parana 0.60 0.47 0.49 0.49 0.46 0.47 0.47 0.46 0.49 0.49
RestS -0.60 -0.49 -0.49 -0.49 -0.48 -0.43 -0.47 -0.49 -0.39 -0.40
MtGrSul -0.60 -0.57 -0.56 -0.56 -0.57 -0.54 -0.56 -0.50 -0.52 -0.50
MtGrosso -0.16 -0.16 -0.15 -0.16 -0.15 -0.15 -0.16 -0.15 -0.16 -0.14
RestCO -0.02 -0.02 -0.02 -0.01 -0.01 -0.01 -0.02 0.00 0.00 0.00

Source: Model results.

6 Final remarks

In this paper we analyze the potential socioeconomic impacts that climate change may
have on Brazilian agriculture - in particular on agricultural supply - and the economy as a whole,
and on its different regions. The main conclusion is that climate change — by leading to a loss
of suitable area for several important agricultural crops in Brazil — should lead to a reduction in
production and exports for most of the agricultural activities analyzed, especially in the case of
soybean in the Intermediate Scenario. Although for most agricultural activities this should not
significantly affect supply, in the case of soybean there may be risks for the commodity markets,
due to Brazil's relevance in the global supply.

As a consequence of the impacts on agriculture, a retraction in the Brazilian real GDP is
expected, in both scenarios, but the negative effect is bigger in the Intermediate (RCP4.5),
which involves a larger loss of agricultural suitable area , as calculated by the climate models
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used in this study. In other words, in the absence of adaptation or mitigation measures for the
potential losses of suitable (low-risk) area in Brazil caused by climate change, there is a
tendency for a contraction — albeit moderate — in the level of economic activity in the country.

The results at regional level suggest that the losses will be greater for those regions whose
economies are more dependent on agriculture, especially in those more dependent on soybeans.
This confirms the existing view in the literature about the importance of regionally
disaggregated analyses when addressing the impacts of climate change, especially in the case
of countries with a large territorial extension such as Brazil. They show that the impacts of
climate change on agriculture, in addition to being unevenly distributed around the world, also
tend to be unevenly distributed even among different regions of the same country. Therefore,
besides the continued need for new country-specific studies on this important topic, especially
for developing economies, it is also highly recommended to pay greater attention to regional
differences within the national economies in future research efforts.

Results also lead to the conclusion that the negative impacts of climate change will be
more intense on poorer workers and households, especially in the Midwest (RestCO) regions
and part of the Northeast Brazil (in the part where soybean cultivation is more representative),
which should have their consumption and welfare more intensely affected than workers and
households in other regions of Brazil. These have been dynamic regions in terms of the recent
development of Brazilian agriculture, but the results presented here suggest that this dynamic
may change under climate change scenarios, bringing to the debate new considerations about
the need for regional development policies.

This study point to the importance of maintaining and strengthening the institutional
apparatus for dealing with the problem of climate change in Brazil, aiming to minimize its
negative impacts in the coming decades, including the impact on the production and supply of
soybean and its consequences. It stresses, for example, the importance of initiatives such as the
ABC Plan (Low Carbon Agriculture) led by the Brazilian federal government, aimed at
reducing greenhouse gas emissions (GHG). In the field of adaptation, the importance of
continuing and strengthening support for agricultural research in Brazil through the National
Agricultural Research System (SNPA) is an important strategy for adapting to the effects of
climate change, with a view on the development of agricultural varieties that are more resistant
and more adapted to the new climatic conditions projected for each region of Brazil in the
coming decades.

Finally, it’s important to stress the high level of uncertainty involved in this kind of study,
introduced in the analysis by the the climate change impacts upon agriculture suitable areas. As
mentioned before, previous studies with the AR4 projections reported much higher negative
results than we found here. The inclusion of precipitation in the crop models probably increased
their forecasting capability, but this is still a contentious issue. This is an important research
line to keep in the agenda.
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Annex 1

Figure 1A — 15 Regions of the model
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Table 1B - Sectors (industries) of the aggregate model

Sector Sector

In full Abreviated In full Abreviated
1 | Rice and other cereals RiceOut 18 | Vegetable and animal oils and fats VegAnOils
2 | Corn Corn 19 | Processed coffee ProcessCoff
3 | Cotton Cotton 20 | Processed rice and rice products ProcessRice
4 | Sugar cane Sugarcane 21 | Processing of oils and other vegetables BenefOPOVeg
5 | Soybeans Soybeans 22 | Textile and leather Textil
6 | Other annual crops OutAnC 23 | Wood, furniture, pulp, paper, printing WoodPaper
7 | Coffee Coffee 24 | Fuels, other refining products FuelOthers
8 | Other permanent crops OutPermC 25 | Chemicals Chemicals
9 | Livestock Livestock 26 | Other manufatured products OutManuf
10 | Milk prodution MilkProd 27 | Metallurgy Metallurgy
11 | Hogs and poultry HogsPout 28 | Electro-electronics ElectElectron
12 | Forestry Forestry 29 | Automobiles Automobiles
13 | Mining Mining 30 | Electricity, gas, water, sewage EletricOth
14 | Oil, natural gas and support services OilNGas 31 | Construction industry Construction
15 | Meats Meats 32 | Trade Trade
16 | Sugar Sugar 33 | Transportation Transport
17 | Dairy products, beverages and others DairyPrOut | 34 | Services Services




Annex 2

Figure 2A — Regional share (%) in the total produced for each crop in 2012
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