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Resuma Um aumento substancial da demanda mundial por commodities é esperado entre 2015
e 2025, de acordo com as proje¢cOes da FAO (2016). Esdmgae a demanda por sejaarne
aumentaria em 32#40%, respectivamentdistoricamente, essas atividades sédo cenaiths
importantes vetores do desmatamento na Amazonia brasileira. Com o objetivo de estudar as
consequéncias desses cenarios sobre a mudanca do uso da terra e sobre o desmatamento, foi
utilizado um modelo interegional @& equilibrio geral computav¢éEGC) dindmicopara 30

regides da Amazbnia. Em geral, os resultados sugerem que o desmatamento aumentaria ao
longo do tempoem torno del.610 kntem relagdo ao cenario base. Entretanto, o desmatamento
adicional ndo seria muitlevadona maioria das regideafetando apenas marginalmente suas
taxas anuaisContudq a soja teria unmaior efeitosobrea economia e uso da tereaseu
crescimento poderia levar a um deslocamento da pecuaria para outrale di@astas

Palavras-Chave equilibrio geral computaleAmazonia, desmatamento, exportacdes

Abstract: A substantial increase of the world demand of commodities is expected between
2015 and 2025, according to thAO (2016) projections. It was estimated ttret demandor
soybean and beef wouidcrease by 32%nd40%, respectivelyHistorically, those activities

are considered important drivers of deforestaitiathe Brazilian Amazonn order to study the
consequences of these scermpoer land use change and over deforestation, we use an
interregional dynamic computable general equilibrium model (CGE) for 30 regions in the
Amazon. In general, the resutaggesthat deforestation would increase over tinaepund

1,610 kn? relative to the baseline. However, the additional deforestationt igemy large in

most of the regions, only marginally impacting annual rates. Nevertheless, soybean would have
a stronger effect on both the economy and land use of Amazon and its growth could lead to a
shift of cattle towards other forest areas

Keywords: computable general equilibrium, Amazon, deforestation, exports
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1. Introduction

Encompassing one of t he wthe AnthzZos regiomahag e st
already lost about 15% of its total forest arkacording to INPE (2013), there was a decline
in deforestation rates from 2004 to 2012. This decline is related to economic factors, such as
the reduction in international soybean and beef prices and the appreciation of the Brazilian
currency, which discoaged exports. Anotherucial factoris the increased surveillance of the
Amazon, which has been made possible by the implementation of government programs, such
as the Action Plan for the Prevention and Control of Deforestation in the Amazon {Biltawes
et al., 2009; Assuncéo et al., 201P)owever, this pattern changed after 2013 &mel
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deforestatiorwent forward againOne ofthe reasonsould bethe New Forest Code which
was approved in May 2012. Included among the points of the New Code is tareddi¢che
limit of the legal resenfein the regiod and a regularization of the smallholder farmers,
excluding them from the obligation of recovering areas that were deforested innpatma
preservation areés

Historically, a huge part of deforestatio has occurred to increase tBegazilian
agriculture frontiermainly due to the largscale agriculturand the slash and burn agriculture
The extensive livestock with low productivibas been pointed out by the literature as of
the main drivers ofleforestation (MARGULIS, 2003; MERTENS et al., 2002). The increase
in deforestation for the establishment of low productivity pastures is also motivated by land
tenure and speculation. According to the Brazilian Institute of Geography and Statistics
(IBGE®), from 1990 to 2008 the herd of the reginoreased from 21.1 million head (18% of
the national total) to 73.9 million (43% of the national tof)GE, 2006). About 75% of the
new cattle added to the national herd comes from the Amazon. Howeverxphissien
presents very low productivitiess than one head per hectare (MMA, 2012; ALENCAR et al.,
2004),which suggests its use also for speculative purposes

The soybean growth has been also considerednaortant driver. According to
Brandéao et al(2006), the agriculturgrowthin the 2000 decade was characterized by a strong
expansion of the tokplanted aredn the soybean case, the influence on deforestation is mainly
indirect. The crop expansion hagscurred basically ipastureslready formd, where the cost
of implantation of the activity is smalleHowever,the soybeanhy occupyingthese existing
pasturesends up pushinthe expansion of livestock to other areas of foréSLENCAR et
al., 2004).According toDominguesand Bermann (2012)the soybean expansion is causing
deforestation through the dynamicdafest clearingtheimplantation of livestock and tHater
transformation of the area into mechanized agricultdtehe same time his process would
lead to he expansion of thagriculture frontier, meetinthe increasingonsumption.

Arima et al.(2011) assert thexpandingglobal demand for soybean and biofuels
threaensthe food security and the enuwrment. An environmental impadhathasbecomea
seriousconcern is thdoss of forest vegetatiom Amazon through indirect land use change
(ILUC) where the mechanized agriculturevades existing pastures and move them to new
areas of forest

This problem becomes important as theod and Agriculture Organization of the
United Nations — FAO (2016) projects a substantial increase of the world demand of
commodities until 202%According to these projectioyBrazilian soybean exporteemandwill
increaseby 32% from 2015 to 2025 and the beef exports will grow 4086th the recent
policies of theBrazilian government to reduce and control deforestatiors uc h as t he

! TheBrazilian Forest Code was created by Law No. 4771 on September 15, 1965. The Code sets limits on property
use, which must coincide with existing vegetation on the ground for the common gooidiudiziiants of Brazil.

The first Brazilian Forest Code wastablished by Decree No. 23,793, on January 23, 1934,

2 Legal Reserve ithearea located in the interior of a property or rural property with the purpose of ensuring the
sustainable economic use of the natural resources of the rural property, aestoservation and rehabilitation

of ecological processes and promoting the conservation of biodiversity, as well as the shelter and protection of
wildlife and native flora

3 The portion to be preserved in the current Forest Code is 80%, but is dédme&6@s in states that have 65%

of their territory designated as protected areas or indigenous lands.

4 Areas of permanent preservation are forests and other forms of natural vegetation that are located along the rivers
or from any watercourse from itégest level

SFromPortugues@ | nst i tuto Brasileiro de Geografia e Estat?2st
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Nationally Determined Contribution (IND&)and theworld concerrto mitigate the effectsof
global warming(GHG emissions)it is important to evaluataow commoditiesproduction
expansion especially beef and soybean, can affect the land use in the region. tbisder
scenaripwhat will be the effect on land useAmazon?

In order to study these aspects of land use change in the Amazon region, temonsis
economic model has to embrace both particular data about the region and a strong theoretical
background. W& use an interregional dynamic computable general equilibrium model (CGE)
for 30 regions in the Amazon and the rest of Brazil, REGIA (Interregi@eneral Equilibrium
Model for the Brazilian AmazonREGIA has a landise changepecificationthat enables the
conversion of different categories of land usedetailed regional database and dynamic general
equilibrium framework. Besides this introdiam, this paper contains more three sections. The
next one explains the methodology including the theoretical structure of the CGE model
REGIA, database, model closures and simulations. The third presents and discuss the model
results. And the last sectichows the final considerations.

2. Methodology

2.1. REGIA model

REGIA is aRegionalComputable General Equilibrium model (CGE) with a recursive
dynamic and landise module for 30 regions of the Brazilian Legal Amd&zmd the rest of
Brazil. It is a bottorrup model, that is, a multiregional model where the national results are
aggregations of the regional results. Moreover, it is the first CGE model built for the Amazon
economy with this very detailaggional disaggigation. The model consists of 27 sectors in
each one of the 30 regions, includirgagricultural commodities as shown in Tathle

Table 17 Sectors Disaggregation of REGIA
Sector Goods

1. Rice, 2. Corn, 30thers of agriculture4. Sugarcane, 5. Soybean,

Agriculture Other crops, 7. Cassava,@trus Fruits, 9Coffee bean

Livestock 10. Cattle, 1. Milk and Cow, 2. Pigs 13. Birdsand Eggs, 4. Fishing
Silviculture and Brest Management 15. Silvicultureand Forest Management

16. Mining Industry,17. Food and Beveragd@8. Textile, leather an(

Industry shoes, 190ther Industries, @ Fuels, 21. Appliances

Senices 22. Energy and Water services, 23. Construction Zdade, 5.
Transportation, @ Services

Public Administration 27.Public Administration

Source: Elaborated by the authors

According to Carvalho et al., (201REGIA has improvements over other CGE models
that also examined issues related to the Amazon and deforessatitnas Pattanayak et al.
(2009) and Cattane@001) The first onds the treatment of land use in a recursive dynamic

6 Brazil intends to commit to reduce greenhouse gas emissions by 37% below 2005 levels @r20abthe

measures is tetrengthening policies and measures withemwtio achieve, in the Brazilialimazonia, zero illegal

deforestatin by 2030 and compensating fgneenhouse gas emissions from legal suppression of vegetation by

2030

"Throughout the paper, we usBraziiahlegalWomazd” @ Amazon” to re
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model sait is possible taanalyze the impacts of different scenarios over time as well as the
endogenous adjustment of land supply. The second improvement is the largest regional
disaggregation 30 regions of the Amazon and the rest of BraHierefore, it is possible to
analyze the impacts in a regional [eREGIA has a theoretical structure like the Australian
TERM model(Horridge et al., 2005). TERM is a Johansen type betipmulti-regional CGE

model that is derived from the continued development of the ORANI (Dixon et al., 1982) model
and its generic version, the ORAMH (Horridge, 2000). TERM was developed to address
disaggregated regional data and also to allow for thergioe of faster solutions for
simulations relative to available models (Horridge et al., 2005).

REGIA is composed of many blocks of equations that determine relationships between
supply and demand, according to optimization assumptions and robe&ighgconditions. In
addition, several national aggregates are defined in these blocks as the aggregate employment,
GDP, balance of trade and price indexes. The most productive sectors minimize production
costs subject to a technology of constant returns tte snawhich the combinations of
intermediate inputs and primary factors (aggregated) are determined by fixed coefficients
(Leontief). There is substitution via the prices of domestic and imported goods in the
composition of inputs according to the functmfithe constant elasticity of substitution (CES).

A CES specification also controls the allocation of a domestic compound among the various
regions. In REGIA, substitution also takes place between capital, labor and land in the
composition of the primarfactors through CES functions; however, the land factor is allocated
only in the agriculture and livestock sectors. And the model has a land use change module
which will be discussed on next section.

The goods of a given region that are directed to anatfeecompounded by the basic
valuesand the trade and transport margins. The share of each margin in the delivery price is a
combination of origin, destination, goods and source (domestic or imported). Margins on goods
from one region to another can beguced in different regions. It is expected that margins are
distributed more or less equally between the origin and destination or between intermediate
regions in the case of transport from more distant regions. In addition, there is substitution
betweersuppliers of margins, according to a CES function.

In the model, there is a representative household for each region consuming domestic
and imported goods. The choice between domestic and imported goods (from other countries)
is held by a CES (Armingtonsaumptiof) specification. The treatment of household demand
is based on a combined system of preferences, CES/Ridim. Thus, the utility derived from
consumption is maximized according to this utility function. The specification gives the linear
experiture system (LES) in which the share of expenditure above the subsistence level for
each good represents a constant proportion of the total subsistence expenditure of each family.

The REGIA modehlsohas a recursive dynamic specification. Investmeunt apital
stock follow mechanisms of accumulation and intersectoral shift froregiadlished rules
related to the depreciation and rates of return. Thus, otignaimic characteristics ®EGIA
is theconnedbn betweerannual investment flowandcapitl stocks.

The model does not include a process of temporal labor market adjustment. For the
simulations in this papewhich has a time horizon of 3@ars, a configuration was adopted

8 Armington hypothesis goods of different origins are treated as imperfect substitutes.

®The LES function is suitable for broad aggregates of goods where specific substitutions are not considered. That
is, crossprice elasticities are equal to threome effect given in the Slutsky equation without any contribution

from the crossrice effects. This implies that all goods have a weak complementarity. The linear expenditure
system does not allow the inclusion of inferior goods (that is, negativenenetasticities).
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where the national aggregated employment in the baseline is exod&onou2006 to 2014
adjusted with observed data, and from2&1determined by population growth). In the policy
scenario, the aggregate national employment is fixed relative to the baseline scenario. This
implies an endogenous response of the average wih the fixed sectoral wage and regional
wage differentials. Thus, there is intersectoral and regional labor mobility.

Government consumption is exogenous. The model operates with market equilibrium
for all goods, both domestic and imported, as weathasnarket factors (capital, land and labor)
in each region. The purchase prices for each user in each region (producers, investors,
households, exporters, and government) are the sum of the basic galessaxes (direct and
indirect) and margindr@de and transport). Sales taxes are treatad aalorentaxes on basic
flows. Demands for margins (trade and transport) are proportional to the flow of goods to which
the margins are connected.

2.2.The Land Use Module

One of the main advantages of REG#4the incorporation of a langse module. Land
is one of the primary factors in the model, in addition to capital and labor, and it is an essential
factor in the production of agricultural sectors and mainly for the Brazilian Amazon. Land use
is modeled gearately for each region, keeping the total area fixed and divided into four types:

i) cropland, ii) pasture, iii) planted forest and iv) natural forest and other areas. In the model,
the agricultural sectors/goods, as well as land use, are specifihtoegamn.

It is assumed that each agricultural sector of the model is connected to one of these types
of land uses. The areamdtural forest and other uses is defined as the total area of each region
minus the cropland, pasture and planted forest. iEh#tincludes the whole area that are not
used in agrdorestry systems, such as natural forests, urban areas, mountains, roads and rivers.
These latter areas are thought to change slowly than natural forests, and therefore, the change
(decline) in thistype of land use is a proxy for measuring deforestation by the expansion of
agriculture or livestock (Carvalho et al., 2017).

The land process is guide by two levels of substitution. At the first level, cropland and
pasture may be allocated betwedifferent agricultural sectors according to thend
remuneratiordifferential Thus, the demand for land responds to changes in the remuneration
of each sector. At this level, each land use (cropland, pasture and planted forestpigetistri
in yeart according to a CET (constant elasticity of transformation) funtttmetween different
commoditiedor each region:

w o [ N N 1)
wherew is the percentage change in the demand for land allocated toi$Eictoegionr; r)
is the percentage change in the land remuneration to sectoggionr; x is the percentage
change of the total land (cropland, pasture and planted foresfjionr; andpr is the average
remuneration to all sectors in regionThus, if in one region the remuneration to secisr
above the average remunerationthe region n ), then a positive change in the
allocation of land will occur towarslectori.

YWithin each region, the area of “Cropland’, for exa
model all ows a gi ven -awecaedamonfy crdpLacapnoihgaonadCET ruleowhére CET =

0,5 (Ferreira Filhord Horridge, 2014).

1j =1 (rice), 2 (maize), 3 (wheat and cereals), 4 (sugar cane), 5 (soybeans), 6 (other crops), 7 (cassava), 8
(tobacco), 9 (upland cotton), 10 (citrus fruits), 11 (coffee beans), 12 (forestry and silviculture), 13 (cattle), 14 (milk

and beef), 15 (pigs) 16 (birds) and 17 (eggs). Products 1 to 11 are linked in the model code to the cropland; good

12 is related to the use of planted forests and, finally, products 13 to 17 for pasture use.
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The total change in the demand for each land use for each region is gigen by
B "Yw, using the distribution of the remuneratidfy with k representing the various land
uses However, we should adopt a physical limit to the total area in ragiamich will be
B 'Ow T using the distribution of land in hectai®s. Therefore, to maintaiconstanthe
total area, a physical variable in hectares,was used for eadhnd useype by regionr and
computed by:

€ 0w (2)
in which® is calculated sothat B "O¢ ,to guarantee that the total physdisapply of land
will be fixed. Thus, the demand for land, according to the different uses, is connected to the
land supply in the model. The idea is that the demand for fandinfluences the process of
the conversion of land between the uses,ithdhe supply side . In the REGIA model, this
is operationalized upon determining that the variation of demand for land is equal to the
variation of supply for land. This mechanism guarantees the equilibrium in the land market,
fixing the total regpnal land available.

At the second level, supply side of land will allow the factor to move between differen
categories of land between yetaand yeart + 1. A CET function could not capture the
conversion process between the types of land uses.isdaht#conversion process is controlled
by a transition matrix representing the conversion possibilities of land betwedrapeayear
t + 1. The matrix shows the mobility of land between uses, indicating the possibilities of the
transformation betweetifferent types of land.

The transition matrix captures the fact that the most productive land is initially used in
the production process, and at the same time, the use of marginal land that could be converted
into praductive use is limited. The econonpmcess of land conversion is as follows: initially,
forests would be converted into pasture, which ultimately could be converted into cropland
(Ferreira Filho and Horridge, 2012; Cattaneo, 2002; Macedo et al., 2012; Barona e0jl., 201
Therefore, the mex shows that the conversion between uses, such as cropland from pasture,
for instance, is more easily performed than that for cropland directly from natural forests. If the
difference between the amount of land used in agricultural production andah&réa of the
region is large, the rise in the demand for land will lead to a greater conversion of land for
agricultural uses. This, in turn, will lead to an increase in the remuneration of land to offset the
costs associated with this conversion.

The transition matrix was built based on the methodology developed by Ferreira, Filho
and Horridge (2014), and calibrated with satellite data from TerraClass 2008 and 2010
(obtained from Prodes/INPE) along with data from the Agricultural Census for 1995 &ié 200
(IBGE) for the 30 regions in the Brazilian Amazon. The calibrated matrix indicates hal lan
use changes between different types (cropland, pasture, planted forest and natural forest) over
time. The cropland area is used to produce all the commodities of agriculture sector, pasture
area is used to produce goods of livestock sector and planéstl doea to produce silviculture
and forest management sector.

12 The data used to construct the transition inatere given by TerraClass. However, because the data source
for the sectoral output was from the IBGE, some adjustments had to beusnagl¢he Agricultural Census data
because some sectors had production according to IBGE data, but did not hatecedpding to data from
TerraClass. This adjustment was minimal and represented less than 10% of theelatala. The option for
TerraClass data is explained by the quality of information from satellite data compared to Census data, which is
basedorfiar mer s’ responses.
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Between two periods (years), the model allows land to move between cropland, pasture
planted forest, or natural forest and to be converted into one of the three. The transitidd matri
are llustrated in Chart 1. The sum of the lines represents the land use in year 2008, and the sum
of the columns represents the land use in year 2010. The matrix was built usgrgosiional
adjustment method, known as RASof rows and columns scalingh& off-diagonal elements
show the areas of land that hakenged between the two periods

Chart 17 Brazilian Amazon Transition Matrix used in REGIA model (in millions of

hectares)
Conversion Possibilities Crops Pasture Eggﬁd Egrtg;?l ;88%' in
Crops 5.00 0.20 0.20 0.50 5.90
Pasture 2.30 39.50 2.00 0.60 44.50
Plated Forest 0.20 0.90 13.70 0.20 15.00
Natural Forest 0.80 4.30 22.10 413.50 440.80
Total in 2010 8.30 44.90 38.10 414.90 506.20

Source: Elaborated by the authors according to INPE data.

Chart 1 shows in the first line and column that 5 of 5.9 million hectares, which was
cropland in 2008, remained as cropland in 2010. The first column also shows that 2.3 of 44.5
million hectares, which was pasture in 2008, was converted to cropland in 2010. The last line
shows the transformation of natural forest into other uses, which can be understood as
deforestation. For example, 4.3 million of hectares, which was naturat ior008, was
converted to pasture in 2010. And another 22.1 million of hectares was converted from natural
forest in 2008 into planted forest in 2010.

The land supply in each category (cropland, pasture, planted forest and natural forest)
for each regin increases according to the annual percentage growth rate of each use given by
the transition matrix:

0 f pmarl 5 {0y 3

In addition to this annual growth rate, to adjust the transition matrix for the next period,
the current stock of land in yetrs distributed for next yeat,+ 1, responding to changes
the remuneration of land. The transition matrix can be expressagercentage share (that is,
the total sum of lines is equal to 1) showing the Markov probabilities that a particular hectare
of land used for pasture would be used the next year for cropland, for example. Even if the
transition matrix is calibrated fro observed data, the matrix is subsequently modified
endogenously according to changes in the average remuneration of each type of land in each
region (Ferreira Filho et al., 2015). Then in REGIA, these prakiabilor proportions are
modeled as a functioof the variation in the remuneration of each type of land:

% S ) IS | e || (4)

13 The transition matrix assumes that natural forests would be initially converted into areas for pasture and that
after some time would be able to be converted into areas for crops. We built one transition matrix for each of the
30 regias in the model.

4The RAS method is an interactive mechanism that seeks to adjust the e&ilnesows and columns of a matrix,

with its total considering the proportionality of the total values. This method calculates a new set dfovalues
matrix of cells from a previous structure, causing the sum of the rows and columns to be consistent with the
expected total. More information about the RAS method can be found in Miller and Blair (2009).
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where the subscript denotes the regiofiY s the paticipation of land of thep type that
becomesk in regionr. * is an adjustment variable to ensure tBat'Y p.0 isa
constant of calibration that represents the initial valu& of (given by the transition matrix).

0 is the average remuneration of land of the tipe is a sensitivity parameter that
measures the response of the supply of land in relation to changes in the remunerai®n.

a shift vaiable with an initial value equal to 1. Téthe land supplies are summed to determine
the total area of each type of land in each region and year.

The sensitivity parametef, , represents the elasticity of land supply and was
calculated according to Van Meijl et al. (2006) and Fg@842). The elasticity of land supply
with respect to land price changes should reflect the notion that greater land availability is
related to higher values of elasticity. We can seelhsticity by region in Table'2 A greater
availability of land imfies an easier process of land conversion in terms of ddsts, if the
remuneration of cropland increases in relation to the remuneration of pastureti(dgeaand
side), the rate of conversion from pasture to cropland will increase, and thuspth# afrland
devoted to cropland i+ 1 also increases. To model the conversion rate of natural forests, it
was necessary to consider a fictitious remuneratidnch wasthe Final User Price Index.
Thus, the transition matrix is adjusted annually deassupply of landCarvalho et al., 2017)

Table 21 Elasticity of land supply by region in Amazon and the rest of Brazil

Region State IEal r?itlscdtgmy of Region State IEal r?(?tlscL:B/ply of
Madeira Guapore RO 1.05 Norte AP  1.59
Leste deRondonia RO 0.55 Sul AP 156
Vale do Jurua AC 1.39 Ocidental TO 0.50
Vale do Acre AC 0.92 Oriental TO 0.93
Norte AM  1.65 Norte MA 0.76
Sudoeste AM  1.62 Oeste MA 0.54
Centro AM  1.52 Centro MA  0.87
Sul AM  1.58 Leste MA  1.27
Norte RR 1.55 Sul MA 1.15
Sul RR 1.52 Norte MT  0.90
Baixo Amazonas PA  1.37 Nordeste MT  0.98
Marajo PA 1.45 Sudoeste MT 0.63
Metropolitana de Beler PA  0.30 CentroeSul MT 1.32
Nordeste PA 041 Sudeste MT 0.70
Sudoeste PA  1.37 Rest of Brazil - 0.32
Sudeste PA 0.56

Source Carvalho et al., (2017)

15To build this elasticity was removed from the dafale land all the areas of: Legal Reserve,(fRbm portugues

“Reser va - imppgead bydhe Brazilian Forest Code) and Permanent Preservation Areas {fRPs
portuguesiCr eas de Pr es e r)v3o;thisoeladtiaty revaces thet pessibilitafsconversion in

regions with large areas of APPs and RL.
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2.3.The Database

According to Horridge (2012), the database of regional CGE models often assumes
regional inpwtoutput matrices as a start point. Although, even when those matrices are available
it could presensome problems as: i) few sectors disaggregation; ii) inconsistent or incomplete
regional data with different sources of data and; iii) and it is not appropriate to use in a CGE
model. Besides all these problems, there is no ioptgut matrices for the Aazon regions.

Then, the database for the REGIA model was constructed through a process of regionalization
of a national CGE modelatabas¥. The procedure was based on the methodology desatlop

by Horridge (2006) adapted for the Brazilian case. Basichitlyn the input-output data for

2005 and a large set of regional ditave estimated an interregion@hde matrix using a
distance matrix and a gravitational approach. The main hypothesis of the gravitational
approacl is that interregional trade is based on the distance between the regions and the
interaction derived from the size of its economies.

Details of the procedure for building a database for REGIA are in Carvalho (2014). The
result of this procedure is a costgincy of the database with the official data of National
Accounts, InpuOutput Matrix, IBGE (Brazilian Institute of Geography and Statisjics
information, International Trade (SECEX International Trade Secretayy Industrial
Production (IAP) and Emplayent (RAIS- AnnualList of Social Informatior). One of the most
important components of the database for the simulations is the remuneration of land by region.
In the model, land remuneration was allocated to the agricultural and livestock sectors. The
land remuneration was obtained from the data of the "Expenditure incurred by establishments
- from Leasing" of the 2006 Agricultural Census (IBGE)

2.4.Model Closure

Model closure is the determination of sets of endogenous and exogenous variables in
simulatiors. This closure represents hypotheses about the economy and its adjustments t
shocks (policies). REGIA is a recursidgnamic model and allows for the accumulation of
capital over time as well as adjustments to the land market. The three closures ulsed for
simulations are: i) historical closure, ii) baseline closure and iii) policy closure.

16 The main database to build the regional data for REGIA was the BRIDGE model, a national CGE model for
Brazil consisting of 110 products and 56 sectors which was made in Cedeplar/UFMG (Domiradye9£0).

7 The regional data was built using: regional output shares (by sector and by re@&H (Brazilian Institute

of Geography and Statistics and RAIS, regional investment shares (by sector and by—+Bditsh)Annual List

of Social Informaibn), regional household consumption shares (by goods and by regP@F (Household

Budget Survey) and IBGE, regional exports shares (by goods and by reg&#TEX, regional government
expenditure shares (by goods and by regidB)GE, regional inverdries shares (by goods and by regieRAIS,

regional imports shares (by goods and by regidBECEX, regional population IBGE.

18 A widespread theoretical justification for the idea that bilateral trade flows are positively associatedintital

incomes and negatively with the distance between them is based on a trade model developed by Krugman (1980).
Further details about the method and applications can be found in Miller and Blair (2009).

19 The division of this information between livestock aagticulture was taken in accordance with the lease of

land valuedy activity groups. For example, for agriculture, the rental vadfiglse groups were combined, such

as the temporary crop output, horticulture and floriculture, permanent crops, ®@épds, seedlings and other

forms of plant propagation and forestry production. For livestock, the rental waflube groups were also
combined, such as I|ivestock and keeping other ani mal s
comesfrom 2005, a deflator was applied to the monetary vadfide Agricultural Census to be equal to the input

output matrix. Thus, we obtained the national land remuneration for agriculture and livestock. The last step was
to divide the remuneration oahd by region, given that the value of it is proportional to the production of
agriculture and livestock in each region.
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At first, there is a histical closure, from 2006 to 2014 updatethe database using
observed macroeconomic variabkscording to IBGE data. In this case, theinmaational
aggregates are considered exogenous, such as real GDP, investment, household consumption,
government expenditure, expoaisd aggregate employment. Thus, other variables, such as the
national shifter of normal gross rate of retuhe economywide governmentdemand shiftthe
export quantity shiftnational propensity to consume, as well as technological change variable
are endogenoudn this case, the model calculates how these variables accommodate the
national aggregateé&nother assumption s t hat r egi onal areas for
uses” ar eupdatingtie elefoestason rates from 2006 to 20&adcording to INPE
data.

At baselinefrom 2016 to 2025, the macroeconomic variables for the aggregate GDP,
household consumption and government expenditure are still exogenous. It is assumed that
regional consumption follows the regional income and the government expenditure follows the
housdold income. Labor moves between regions and activities, driven by real wages changes.
The model works with relativgrices, and thenominal exchange rateias chosen as a
numeraire. "Natural forests and other usesbtib exogenousepresenting a scenarof
moderate growth of deforestation rates based on the recent years observed data

In the policy scenario, each macroeconomic variable is endogenous, with the aggregate
national employment set exogenoushhat is, aggregate employment is fixed relatio
baseline, and labor can move regionally. It is assumed that national consumption follows the
GDP with endogenous national propensity to consume. And the national total is distributed
between regions in proportion to labor income. The government eipendllows the income
of households regionally and nationally.

2.5. Simulations

The baseline shows3% per year growth of the national economy for the peiriom
2016 to 202%nd represents the projection that is compared to the policy séérighias, eal
GDP, household consumption and government expenditure are expected to grow at 3% per
year, while population growth is set at 1% per year.

The main goal of the policy scenaridasevaluateghe impactsn Amazonregionof the
world demand growth forgriculture commoditiefrom 2016 ta2025 mainly on deforestation
and land use through the projections by FAO (3¢/1& has been pointed out thihie growth
of global demand focommodities, mainlgoybean anteef,threaensthe forest maintenance
This could causen importantenvironmental impact in Amazancreasing the deforestation
rates over the next yeatBrough indirect land use change (ILUC) where the mechanized
agricultureinvades existing pastures and move them to new areas of forest. Tabkkelts
the annual FAO projections of exports demand growth of six agricultural commodities
considered in this study.

FAO (2016) estimates thabybean exportdemandwill increaseby 32% from 20160
2025 and the beef exports will grow 40%/e need tohighlight this projection ashe
internationaimarket for tkese products is considerad important determinant of deforestation
in the region.In general, if the growth of cattle and soybean production is based on land
expansion this will lead to more oggrsion of natural forest areas into other productive uses,
such as cropland and pasture.

20 For more details on the baseline scenario, see Carvalho (2014).
21 Brazil is modelled as a small openeconoaynd t he shock in the sintxdoati on wa
quantity shift .
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From the REGIA model perspective, the firsund impact of the growth of
international demanis to benefit the production of the agricultusaictorg Table 3)andother
sectors of the economy through inmuttput relations. To increase its production, sectors will
use more primary factors (labor, capital and land). Then employment, investment and land use
increases and also their prices as regional supply is fikedstly. Additionally, lbusehold
consumption is positively impacted by the increasacome

Table 31 FAO projections on exports growth from 2016 to 2025 (in annual % change)

Goods 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Rice 1.34 1254 -169 143 -1.13 0.18 -239 0.30 294 -0.43
Corn 1436 -1.07 -2.27 257 078 292 1.27 1.75 382 0.29
Others of agriculture  -12.02 4.81 5.37 408 556 4.28 5.14 482 480 4.61
Soybean 2.30 3.37 4.68 129 211 361 232 3.72 212 3.29
Other crops -995 26.19 -16.12 14.33 -9.15 18.85 -11.13 16.88 -8.03 -7.43
Cattle -3.81 4.80 7.29 3.46 424 3.89 3.87 3.22 351 353
Pigs -6.72 13.45 2.63 263 259 252 244 239 236 231
Birds and Eggs -1.57 7.89 4.11 274 5.02 192 344 452 3.38 4.01

Source Elaborated by the authors based on FAO (2016) projections

Another important expected result is on land use change. As land demand increases, the
conversion of natural forests into productive uses also goes up. The simulation results can
project theincrease in deforestatignand therefore we camnswerwhether this increase in
international demand for commoditiesuld disrupt conservatiorgoals in the region. In
addition,we canunderstand the dynamics of this change in land wskthe increase in the
agricultureareaoccur in existing pastures by driving the pasture areas to new areas of forest?

3. Results and discussion
3.1.Regional macroeconomic results

As explained in section 2.4 the policy sc:¢
usual”™ trajectory designed by baseline scena
deviations are a consequence of changes in commodities exportsddesecially soybean
and beef, which are some very important products for Brazilian exports agenda and in particular
for Amazon region. Therefore, an expansion in its demand is expected to generate positive
macroeconomic regional effects.

Table 4 show té results as accumulated deviations between 2016 to 2025 compared to
baseline scenario. The most benefited regions in terms of regional GDP are located in Mato
Grosso and Maranhao, which is explained by the large share of national soybean production
concemr ated in those states, and the positive
projections. To be more precise, only the Norte of Mato Grosso accounts for 20.83% of
Brazilian soybean production while the whole state accounts for 30.63%. Bynitsléspite
Sul of Maranhao harvests only 2.09% of national soybean production, it represents 21.71% of
the regional economy.

The least affected regions aretlre states of Amazonas and Ravaose share in exports
is lower compared to the other regionsamby Notwithstanding, e changes in the regional
composition of exports and the rise in pricemused by the increase in demand for factors and
exports shall induce new investments througli areas. Table 4 illustrates that investment
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growth is estimted to be higher in soybean producing regiewsn thouglit is also significant

in the other regions, due to the effects induced by interregional trade relations and between
sectorsConsequently he directeffect of the demand for exports of othergwots combined

with the regionaspillovereffecs of soybeanallow positive deviations in employment, income

and poduction for all Amazon regions

Table 41 Simulated Impacts on Regional Macroeconomic Indicators of commodities
demand growth from 2016to 2025- accumulated deviation relative to Baseline (in %
change)
Household Government

Regions State GDP Consumption expenditure Investment Employment Exports Imports
MadeiraGuapore RO 0.44 0.39 0.39 1.56 0.43 1.10 1.16
Leste de Rondonia RO 0.52 0.46 0.46 1.66 0.51 3.28 1.23
Vale do Jurua AC 040 0.33 0.33 1.54 0.37 -0.59 1.13
Vale do Acre AC 043 0.35 0.35 1.43 0.40 -0.60 1.14
Norte AM  0.33 0.29 0.29 1.13 0.34 -0.59 1.05
Sudoeste AM  0.33 0.29 0.29 1.14 0.34 -0.61 1.04
Centro AM 045 0.44 0.44 1.64 0.49 -0.66 0.86
Sul AM 045 0.39 0.39 1.57 0.44 -0.51 1.15
Norte RR 0.43 0.42 0.42 1.26 0.46 6.33 1.17
Sul RR 0.48 0.46 0.46 1.68 0.51 3.87 1.15
Baixo Amazonas PA 043 0.38 0.38 1.22 0.43 -0.58 1.04
Marajo PA 0.32 0.29 0.29 0.94 0.34 -0.14 1.02
Metropolitana de Beler PA  0.37 0.33 0.33 1.54 0.38 -0.65 1.01
Nordeste PA 0.32 0.29 0.29 1.23 0.33 -0.36 1.01
Sudoeste PA  0.45 0.41 0.41 1.42 0.46 -0.16 1.17
Sudeste PA  0.46 0.45 0.45 1.33 0.50 -0.50 1.02
Norte AP 0.53 0.42 0.42 1.74 0.47 -0.69 1.25
Sul AP 0.29 0.25 0.25 1.09 0.30 -0.67 0.91
Ocidental TO 0.68 0.55 0.55 1.89 0.59 1747 142
Oriental TO 0.96 0.79 0.79 1.78 0.84 23.17 1.63
Norte MA  0.44 0.36 0.36 1.44 0.41 0.94 1.14
Oeste MA  0.39 0.34 0.34 1.52 0.39 0.72 0.90
Centro MA  0.40 0.35 0.35 1.48 0.40 4.01 0.75
Leste MA  0.39 0.33 0.33 1.36 0.38 0.45 1.09
Sul MA  2.37 2.11 2.11 4.77 2.17 5.01 2.90
Norte MT 4.64 4.44 4.44 9.00 4.50 10.33 5.36
Nordeste MT  3.77 3.40 3.40 7.57 3.46 8.79 4.18
Sudoeste MT 0.76 0.76 0.76 1.74 0.81 3.53 1.37
CentroSul MT 1.18 1.09 1.09 3.18 1.14 8.48 1.84
Sudeste MT 2.49 2.44 2.44 5.33 2.50 1132 2.96
Rest of Brazil - 0.27 0.26 0.26 0.95 0.30 -0.24 0.88
Legal Amazon - 0.90 0.76 0.69 2.17 0.84 2.74 1.14

Source: Elaborated by the authors basedimilation results from REGIA model.
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3.2. Sectoral results

As expected, agriculture would be directly affected by the rise in commodities eXjperts.
soybeansector stands owvith an estimated accumulated deviation of 13.35% compared to
baseline (Table 5). The commodities rice, corn, cattle and pigs are also benefited directly from
FAO s projections, while other products in
and citrus fruits are indirectly affected through intermediate and final demand changes. Apart
from those activities, construction and tradeuld be positivelympacted as well. While the
rise in construction is deeply related to rise in investment, sed®r is mostly influenced by
the rise economic activity in general, and the overall income effect.

Table 57 Simulatedimpacts onAmazon production by sector betweer2016 to 2025
accumulated deviation relative to baseline (in % change).

Sector % change Sector % change
Rice 0.51 Silviculture and Forest Managemer 0.19
Corn 1.18 Mining Industry -0.25
Others of agriculture -0.11 Food and Beverage 0.18
Sugarcane 0.08 Textile, leather and shoes 0.34
Soybean 13.35 Other Industries 0.38
Othercrops 0.85 Fuels 0.19
Cassava 1.02 Appliances 0.55
Citrus Fruits 0.28 Energy and Water services 0.42
Coffee bean -0.02 Construction 1.44
Cattle 0.59 Trade 1.55
Milk and Cow 0.51 Transportation 0.66
Pigs 0.15 Services 0.49
Birds and Eggs 0.23 Public Administration 0.44
Fishing 0.34

Source: Elaborated by the authors based on simulation results from REGIA model.

At the regional level, sectoral results change according to regional specialization in
different types of crops, and the economic structure as a whole. In terms of land use changes,
the most important results are shaped according to soybean and cattietiprodvhich are
both concentrated in specific areas. As Figure 1 shows, the changes in soybean production
should be more intense in the South of Amazon, especially in Mato Grosso and Maranhao
states, where soybean production is already a very imporbedoractivity, directed to the
external marketFor instance, the estimated deviation for 17.63% in the Nordeste of Mato
Grosso,15.58% for Sudeste anti3.2246 for Norte, all above the average for Amazon region.

On the other hand, cattle production woutddoncentrated in the north of Amazon, mostly
in the state of Para. The general impact is smaller compared to soybean, nevertheless it would
be an important driver for land use changes discussed in the next section. The region of Marajo
stands out with argwth 1.89% above baseline, while for the rest of the state (expect
metropolitan region) the growth ranges between 0.79 and 0.69%.
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Figure 1 - Percent Change in Soybean and Cattle Productio@ccumulaieu ueviauon

from 2016 to 2@5relative to baseline)
Source: Elaborated by the authors based on simulation results from the REGIA model

3.3.Land Use Results

Given the policy scenario, aggregate deforestation would increase over time which
means an additional deforestation relative to lr@secenario. This can be seen in Figure 2 in
the downward trend in natural forest area, which is projected to decrease to 126&@tve
to the baseline. As the total area of the region is fixed, the reduction of a particular type of land
must be acempanied by an increase in another land use. Sectoral results discussed in the last
section have showed the soybean sector presented the largest growth of Amazon agricultural
activities followed by Cassava and Silviculture and Forest Management. Theam wleserve
in Figure 2 the increase of cropland area by 2,379 Kiote the pasture area has also presented
a decrease of almost 1,000%m
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Figure 21 Total area: Legal Amazon(in Km?)
Source: Elaborated by the authors basedimilation results from REGIA model.

The results of the simulation indicate that a large part of the increase in crop area
occurred mainly through the conversion of pasture, which suggesidiiect land usehange
The low productivity of livestock ithe region and the low price of land remuneration enabled
this conversion between uses. Additional deforestation was mainly due to teasaof
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cropland although from 2023 it was mainly due to pasture conversion. Although the area of
pasture habeenreduced, theattleactivity haspresented growtrelated tabasdine scenario.
This is due to the low productivity of livestock in the region thatrhasepotential for growth

without necessdy increasing the agricultural area
Table6 presents the seilts of deforestation and land use by region.

Table 61 Results on Regional Land Use Change and Deforestation (in Em

Deforestation Total . Observed Cropland Pasture Area

. from 2016 to deforestation Deforestation Area from from 2016 to

Regions State 2025 (policy from 2015 to from 2006 to 201_6 to 202& 2025 (policy
scenario)* 2025 , 2014 (policy . scenario)
(baseline) secenario)

MadeiraGuapore RO -23.67 -3,102.83 -5,024.76 3.90 15.89
Leste de Rondonia RO -18.16 -1,630.50 -2,259.66 22.09 -10.74
Vale do Jurua AC -16.19 -373.02 -632.54 10.68 2.44
Vale do Acre AC -22.85 -759.07 -1,432.59 15.07 5.50
Norte AM  -558 -45.17 -135.22 2.74 0.21
Sudoeste AM  -14.47 -217.49 -467.39 9.46 1.61
Centro AM  -42.81 -729.35 -1,138.39 16.77 11.88
Sul AM -35.35 -1,754.29 -2,968.39 8.23 16.61
Norte RR -14.02 -386.70 -452.58 8.33 4.13
Sul RR -16.49 -937.37 -1,215.47 3.77 8.74
Baixo Amazonas PA  -119.32 -1,564.55 -1,894.58 80.83 23.83
Marajo PA -17.21 -387.89 -976.64 8.40 6.23
Metropolitana de Beler PA  -0.88 -76.23 108.29 0.67 -0.60
Nordeste PA  -15.35 -2,236.35 -510.51 8.59 1.97
Sudoeste PA -115.24 -6,413.06 -11,162.97 9.21 90.89
Sudeste PA -84.48 -9,357.86 -17,824.75 4.71 94.50
Norte AP -4.67 -116.63 -79.15 3.74 0.40
Sul AP  -8.35 -170.94 -206.44 5.85 1.19
Ocidental TO 0.00 -10.18 1,423.14 152.71 -158.12
Oriental TO 0.00 -0.50 1,079.90 97.98 -99.99
Norte MA -11.62 -573.49 -1,519.00 9.38 -0.07
Oeste MA  -15.32 -1,262.73 -2,159.39 3.59 6.84
Centro MA -14.72 -1,214.96 -3,154.44 4.10 5.24
Leste MA  0.00 -4.76 -171.37 1.54 -1.12
Sul MA 0.00 -1.80 -184.47 31.98 -30.47
Norte MT -773.44 -6,633.88 -10,521.73  1,331.37 -629.97
Nordeste MT  -204.20 -1,548.68 -2,303.36 345.78 -161.35
Sudoeste MT -21.71 -397.37 -353.24 41.89 -24.97
CentroSul MT  0.00 -3.59 -151.18 40.84 -40.98
Sudeste MT  0.00 -0.14 94.20 85.94 -81.59

*accumulated deviation relative to baseline
Source: Elaborated by the authors based on simulation results from REGIA model.
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The third column shows the additional deforestat@atedto the baséne scenario that
would occur in the scenario of internatiogabwthin the demand for commodities from 2016
to 2025. The fourth column, in turn, shows the total deforestation of thineas®nario from
2016 to 2025 (11 years). lak beerronsideredhat deforestation will continue to increase at a
moderate rate (average in recent years), while maintaining the assumption that rates will remain
low in the region due to increasedrveillanceand deforestation control programand the
outcome of the baseline scenag@40% lowerdeforestation than that observed between 2006
and 2014 (column five of the table). The sixth and seventh columns present the results for the
crodandand pasture areas, respectively

We can observe that afitional deforestation geneest on demand growthfor
commoditiesscenariois small. The largest additional deforestation occurred irNibree of
Mato Grosso (12% more than the projected deforestation). This result can be attributed to the
high soybean @wth in the region, since it is the largsstybearproducerand exporter ithe
Amazon. But it is worth noting that soybean growth in the region is mdidytoconversion
of areas that were formerly pasture. Other regions that stand out with an adiditimnestation
of about 12% above the baseline scenar@Nodeste of Mato Grosso and NoaleAmazonas
In the Nordesteof Mato Grosso there is alsobig sharef soybearin the production in the
economy of the regionin the case oNorte of Amazona, the result seems to suggest that
additionaldeforestatiorhasoccurred both to increase croplaarga as pastusgeas

Another interesting result is that even though the pasture atba wfholeAmazonia
has decreased, some regions haesented aimcreasen pasture areas, notably tBedoeste
SudesteandBaixo Amazonas of Para, Madei@uapore in Rondonigul doAmazonas, and
in the state of Roraima. These results seem to suggest that there may be a moveatéat of
to other regions due toaplandgrowth, especially soybean in the Amazon.

3.4. Simulated National Results

The increase in demand for exports also has a positive impact on the Brazilian
macroeconomic result¥able7 presents the accumulated results for Brazil from 2016 to 2025
relatal to the baselinscenarioAs the second column shows, the accumulated deviation on
exports is estimated to be 0. 08%. This resu
points that, despite reductions in exports for some products, the overdlligfét positive
for the economy as a whole. Last column indicates that the positive effect is boosted by the rise
in soybean, which alone would increase exports by 0.21%.

The national results, in general, are positive, but they are not as strong as the impacts of
some regionsn the Legal Amazon, such &udesteand Nordesteof Mato Grosso. This is
explained by thdarger share of soybean activily these regional econonsighan in the
Brazilian economy as a whole. Even so, it shows the economic importance of agricultural
commodities in the Brazilian economis detailed previously, such a rise in exports induces
rises in prices and consequently creates incentives fortmgag not only in sectors directly
affected by exports but also in sectors related to them. The result of this interactions is a rise in
0.99% of national investment above baseline scenario. With more investments, and exports, we
also have a greater pragtion and national income, inducing the rise in all other components
of real GDP.

We can observihat the Brazilian GDP would grow around 0.3% in addition. The effect
of the increase in the demand b®efdoes not have much influence on this result, h@anat
is noted that the increase in the international demand fdresgyaccounts for 22% of this
result over GDP, showing the importance of this commodity to the Brazilian economy. As
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expected, the higher level of activity also positively influencgslegment.The soybean effect
on employment accounts for almost 35% of the total impact.

Table 71 Simulated Impacts on National Macroeconomic Indicators of commodity
demand growth from 2016 to 2025 accumulated deviation relative to baseline (in %

change).
Indicators Total Cattle effect  Soybean effect
Real GDP 0.31 0.00 0.07
Household consumption 0.31 0.00 0.07
Investment 0.99 0.00 0.19
Exports 0.08 0.00 0.21
Imports 0.90 0.01 0.37
Government expenditure 0.28 0.00 0.05
Employment 0.34 0.00 0.10

Source: Elaborated by the authors based on simulation results from REGIA model.
4. Final Considerations

This article aimed to project the economic and land use impacts of the growth of
international demand for agricultural commoditiesnir2016 to 2015 in the Brazilian Legal
Amazon. Amazon is a region that has its economy baséafmimg mainly in the production
of cattle and sdyean With the growth ofglobal environmental concerns, notably on climate
change, Brazil has affirmed its romitment to reduce its emissions, largely by reducing
deforestation. Control ansurveillanceprograms haveauseddeforestation rate® decline
since the early 2000s. As one of the most important drivers of deforestation is the expansion of
agriculturalland in the region, there is concern that increasing global demaagricultural
commoditiemnegatively threaterndeforestation rates in the region.

In this context FAO projections (2016) for increasing wodédmand for commodities
up to 2025 were usdein a regional dynamic computable general equilibrium model, REGIA,
which represents the economy of 30 regions of the Amazon amesthef Brazil considering
27 ctors. This modelwhich hasbuilt in Carvalho (2014), has a land use module that
represets the conversion of different useslandover time. The results indicate that soybean
would have a stronger effect on both the economy and lanof éseazon and that its growth
could lead to a shift of cattle towards other forest argasvever, it should be noted that
although the resulthaspointed outto this fact, the additional deforestation caused by the
increase in the demand for commodities isvaoy largein most of the regions, only marginally
impacting annualates.
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