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Abstract (109 words: limit 250)

National governments have long sought to influence agriculture -- for a variety of reasons. Brazil, a major food exporter, faces two new policy challenges: to help meet rising world food demand; and to conserve tropical rainforest. Are these two goals compatible? To address this question we simulate outcomes using a large multi-regional CGE model of Brazil, modelling land use over 20 years in 90 zones and 14 agricultural sectors. Model results point to several mechanisms that allow food output to increase without expanding land supply. Thus we find that controlling deforestation leads to rather small falls in food output -- which could be neutralized by tiny exogenous productivity improvements.
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Deforestation Control and Agricultural Supply in Brazil

Food supply has long been an explicit goal of economic policy. During the last century many countries used regulatory and fiscal measures to achieve agricultural goals such as food supply, income generation, environmental protection and rural development (Hawkes et al. 2012). The stimuli were the depression-induced farm crisis in the United States, food shortages in war-torn Europe, and an under-performing agricultural sector in the decolonizing “third” world (Lang and Heasman, 2004). In the United States, what were to become huge “commodity” programs were initiated by the 1933 Agricultural Adjustment Act; in Europe, the CAP was established in 1957 to protect and promote food production and rural development. In the Eastern Bloc, food production, distribution, price and trade were generally organized in a nationalized system of state and collective farms and state monopolies (Osborne and Trueblood, 2002).


In most developing and industrializing countries, the state intervened in agriculture using different policy tools: low food price policies, income and land taxes on agricultural producers; and systems to control the supply and marketing of key commodities (e.g. through state marketing boards) (Krueger et al. 1991; Anderson, 2006; Khan, 2001; World Bank, 2007; Chang, 2009; Delgado, 1995; Rashid and Cummings Jr., 2008). In both developed and developing countries, public investments were made in agricultural research and technology, such as the Green Revolution beginning in Mexico in the early 1940s, and intensive meat production in the United States (Adelman and Taylor, 1990 and Roberts, 2009).


Two main policy processes drove a new agricultural policy model internationally (Hawkes et al. 2012). The first were the World Bank and International Monetary Fund (IMF) “structural adjustment programs” of the 1980s, in which developing countries received loans to ease balance of payments problems on condition of policy reform. Such policies were also implemented unilaterally. Reform of agri-food markets was very much part of the process. Latin American countries, for example, took steps to open up their food markets by dismantling state food marketing monopolies, reducing subsidies on agricultural inputs, lowering barriers to trade and investment, reducing consumer food subsidies, and aligning domestic producer prices with their equivalent world prices (Kherallah et al. 2000; Byerlee and Sain, 1991; Valdes, 2006).


The second key policy process was trade agreements. Until the 1990s, food was typically excluded from negotiations at the General Agreement on Tariffs and Trade (GATT) (Hawkes and Murphy, 2010). The Uruguay Round of the GATT in 1994 and the creation of the World Trade Organization (WTO) marked a new era, pledging countries to open their agri-food markets by reducing tariffs, non-tariff barriers, export subsidies and domestic agricultural support. GATT and WTO rules promoted the integration of national food markets (e.g. through harmonization of food safety and quality regulations) and provided a more favorable operating environment for the private sector (e.g. through protecting intellectual property). Trade and investment agreements were also made at the regional and bilateral level such as NAFTA, Mercosur, CAFTA-DR, among others.

Under this set of policy reforms, food production in Latin America has grown faster than the world average, even considering that demographic growth in the region has been faster than the world average (Maletta and Maletta, 2012). By 2007-2009, the level of food production in Latin America was over four times larger than in 1961-63, and agricultural output (food and non-food products) grew at a 3.01% per year, and food production at 3.22%, while annual growth of population was 1.99% (FAOSTAT, 2012).


Brazil underwent those steps during its agricultural modernization phase, which started to speed up in the seventies. According to Ferreira Filho and Vian (2014) the industrialization process underway in that period required agriculture to play three classical roles: to supply labor for the growing urban activities, to supply food at stable prices, and to supply foreign currency to finance the imports of machinery and intermediates goods needed for capital formation in the urban sector. This created a strong pressure on the agricultural sector, and a new dynamics start to develop to meet those challenges. The creation of Embrapa, the Brazilian Federal Agricultural Research Institute, in the early seventies was one of the mechanisms created to facilitate the expansion of the Brazilian agriculture on a new path, based on the fertile soils of the South/Southeast regions in Brazil. 


The necessity to generate foreign exchange through agricultural trade led to the stimulus of production of tradable agricultural products, especially soybeans, an extraordinary change that would dramatically modify the landscape of the vast unoccupied cerrados areas in the Brazilian Center-West region in the ensuing years. The substitution of vast low productivity pastures areas prevalent in the past by modern agriculture is one of the most striking chapters in the recent Brazilian economic history. This process was backed by public policies of research and rural credit, and led to a fast transfer of capital and population to the region, with important changes in the economy and the agrarian structure of those areas. with the creation of Embrapa, the federal agricultural research agency (Ferreira Filho and Vian, 2014).


New food supply issues have recently appeared. The global food price hikes, the rise of biofuels as an important energy source and the climate change scenarios brought agricultural supply again to the forefront of development economics discussions. The food needs of an expanding world population became a central point in policy considerations, notably in face of pessimistic climate change scenarios and the increasing scarcity of primary factors for agricultural production, especially agricultural land.


Although the rate of growth in aggregate food demand is expected to slow down in coming years, following lower population growth and increased saturation in high income countries and emerging economies (United Nations, 2013), the pressure on agriculture will stay high. UN estimates show that the world´s population is forecast to increase by 2 billion people in the next four decades, which will require global agricultural production to increase by 60% from its 2005-2007 level (United Nations, 2013). The same study shows that the global expansion of agriculture in the past half century demanded 67 million ha (Mha) of extra arable land, a result of 107 Mha increase in the developing world and a 40 Mha fall in developed countries. United Nations (2002) suggests that …”in the coming 30 years developing countries will need an extra 120 million ha for crops, an overall increase of 12.5 percent” and that …”more than half the land that could be opened up is in just seven countries of tropical Latin America and sub-Saharan Africa”.


The above statement highlights the role of Latin America and in particular Brazil, in future food supply scenarios. As table 1 shows, Brazil is a main global supplier of many important agricultural commodities. Oil crops (mainly from soybeans), sugar, cotton and meats account for significant shares of total world exports.

[table 1]


Since the mid-nineties public intervention in the agricultural sector in Brazil has been reduced markedly, due mostly to stabilization plans and public sector fiscal constraints, causing transfers to agriculture to be among the lowest of the most important agricultural producers worldwide. The Producer Support Estimate for Brazilian agriculture was 4.6% in 2012, compared to the 18.6% average in the OECD countries, 14.3% in Canada, 19% in the European Union and 7.1% in the United States (OECD, 2014).


Brazil is one of the few countries that still has a vast stock of natural forests suitable for conversion to agricultural land. However, the government is presently trying to control deforestation. Considering that land clearing is one source of agricultural expansion, we may ask whether agricultural exports can expand further, without compromising environmental goals. In this article we examine this issue further to get insight about the role of deforestation in supporting the agricultural supply expansion in Brazil. Although the issue of deforestation has attracted much attention in the economic literature recently, few studies focus quantitatively on its role for the future of agricultural supply in Brazil. We know only of the study by Ferreira Filho and Horridge (2012), who estimated the shadow cost of deforestation in Brazil, and Cabral (2013), who tried to estimate the economic costs of different scenarios of deforestation reduction, both using computable general equilibrium models to analyze the issue.


In the next sections we analyze in more detail the expansion of Brazilian agriculture in relation to deforestation. The importance of deforestation for agricultural supply in Brazil is then approached through a counterfactual analysis performed with the aid of a computable general equilibrium model of Brazil, tailored for land use change analysis.


This article contributes to the literature on the importance of deforestation for food supply in two main aspects. First, it applies the transition matrix concept used in Ferreira Filho and Horridge (2014a) to observed transitions from satellite imagery, in contrast to the calibrated transition matrix used in the previous study. To our knowledge it´s the first time this data is used in this way.


Second, with the model used in this article we are able to project a deforestation baseline consistent with the historical observed deforestation rates, allowing us to project a credible path for the future. As observed by Hertel, Ramankutty and Baldos (2014), this circumvents the usual difficulty found in statistical studies to estimate what would have happened to agricultural supply in the absence of deforestation, the counterfactual world


This article is organized as follows. First we provide the background for the analysis, discussing the recent trends for Brazilian agriculture and its relation to deforestation. Then the methodology is presented, and the transition matrix concept discussed. The model baseline and the scenarios come next, followed by a results section. The robustness of the results is discussed in the following section where a sensitivity analysis is performed. Finally we present our conclusions.

Agricultural expansion and land use changes in Brazil: recent trends

The total area of annual crops in Brazil has been expanding steadily in the last 20 years (see figure 1). Most of this expansion, however, can be attributed to five main crops: cotton, rice, sugar cane, corn and soybean, which accounted in 2012 for about 85% of annual crop area. Soybean, corn and sugar cane are the areas which have been increasing faster. The same figure also shows that the rate of deforestation in the Brazilian Legal Amazon
 fell markedly since 2004, meaning that the rate of expansion in agriculture and livestock areas is falling, while total annual crops area keeps increasing. From 2000 to 2012 the total deforested area in the Amazon region increased by 19.5 Mha, while the area under crops increased by 18.5 Mha.


According to Assunção et al (2012), two main facts contributed to the change in the deforestation trend in Brazil. The first was the launch of the Action Plan for Deforestation Prevention and Control in the Legal amazon (Plano de Ação para a Prevenção e Controle do Desmatamento na Amazônia Legal – PPCDAm) in 2004, an integrated set of actions across different government institutions for monitoring, environmental control and territorial management. The second were new policy measures implemented beginning in 2008, as rural credit becoming conditional to the compliance of environmental regulations, at a municipality level. These two command and control interventions were effective to reduce deforestation, as can be seen in figure 1.


The question that naturally arises, then, is for how long will Brazilian agriculture be able to expand in face of this strong reduction in deforestation?

[Figure 1]


Key to this question is to understand the role played by pasture area in agricultural expansion in Brazil. The evolution of pasture area is not included in figure 1 since there is no available time series of areas under pasture. The Brazilian Agricultural Censuses of 1995 and 2006, however, show that total pasture area decreased from 177.7 Mha in 1995 to 151.8 Mha in 2006. Agriculture expansion, then, can happen at the expense of this vast pasture area (the intensive margin), a large part of which has low productivity.


A well-known stylized fact in Brazil is that, over time, natural forest is turned into pasture, while pasture is turned into cropland. The transitivity of this process implies that crops expansion is related to deforestation through pasture expansion, the indirect land use change (ILUC) effect. However, this process is empirically difficult to measure, and has recently been debated intensely (Nassar et al., 2010; Ferez, 2010; Sá and Falco, 2013; Lapola et al. 2010; Barona, Ramankutty, and Coomes, 2010 ; Arima, Walker, and Caldas, 2011; Macedo et al. 2012; Taheripour et al. 2010; Ferreira Filho and Horridge, 2014).


Below we use a simulation model to estimate the effect of a halt in Brazilian deforestation on the expansion of agricultural output.

Methodology

Our analysis uses TERM-BR, a general equilibrium model of Brazil, tailored for land use analysis, and based on previous work by Ferreira Filho and Horridge (2014 and 2014a). The basic model structure is described elsewhere
 (Horridge et. al., 2005): we provide here a terse summary.


TERM-BR may be thought of as a collection of CGE models (one for each region), linked by trade and labor movements between regions. Each regional CGE model is fairly conventional: industries and final demanders follow cost-minimizing behavior to choose an input mix of commodities and (for industries only) primary factors. The industries have a constant-returns-to scale technology and price at marginal cost. In principle the model distinguishes between activities (industries) and commodities: an industry can produce a range of commodities; but in simulations reported below each industry produces one commodity only. The core of each regional database is a USE matrix with dimensions COM*SRC*USER where:

· COM is the set of commodities.

· SRC has two elements, domestic (ie, Brazilian) and imported (ie, from outside Brazil).

· USER is the set of industries plus household, government, investment and export final demanders.

Trade between regions is represented by a matrix of commodity flows, valued at basic prices, of size COM*SRC*REG*REG, where COM and SRC are defined as above, and the two REG subscripts denote source and destination regions. For Brazilian goods, the source region is where produced; for imports, the source region is the port of entry


Partner matrixes of similar dimensions show commodity tax revenue levied from each flow, and also the value of margin services (transport, retail) needed to deliver each good from producer to user. Other, satellite, matrices allow commodity mix to vary between household type (usually arranged by income ) and according to the destination industry of investment demand (e.g., most new ships form new capital for the water transport sector).


Figure 2 illustrates the production technology for a representative industry, say, Soybean in Mato Grosso. A series of 'nesting' assumptions, shown as lozenge shapes, constrain and simplify input substitution. At the top level, inputs of a goods composite and a primary factor composite are demanded in proportion to output (Leontief assumption). The goods composite is a CES (constant elasticity of substitution) combination of individual goods                 cccccccccccccccccccccccccccc a CES combination of Brazilian and imported variaties (the so-called Armington ass umption). Finally, at bottom left of figure 2, each region's total demand for, say, Brazilian fertilizer, is supplied by a CES combination of fertilizer from different regions.


Again, the primary factor composite used by each industry is a CES combination of industry-specific capital, labor and land, with labor itself a CES combination of several different labor types.


Although all sectors in all regions share this input structure, input proportions and substitution elasticities differ between sectors and regions. Similar nesting assumptions (without the primary factor part) govern final demands, except that household demands for goods follow the linear expenditure system.


The bottom right quadrant of Figure 2 depicts the supply of land to Mato Grosso Soybean growers. We describe this further below.


The TERM-BR database is mainly based on the 2005 Brazilian Input-Output tables, along with other, mainly regional, data sources. The database separately represents 108 sectors and the 27 Brazilian states, as well as 10 household types and 10 labor grades. For the simulations reported below we sped up computations by aggregating the database to 38 sectors and 15 regions.


TERM-BR is a multi-period model with recursive-dynamic mechanisms inherited from the MONASH CGE model (Dixon and Rimmer, 2002). These mechanisms are: (i) a stock-flow relation between investment and capital stock, which assumes a one year gestation lag; (ii) a positive relation between investment and the rate of profit; and (iii) a relation between wage growth and regional employment -- implying that unemployment rates vary, at least in the short run. The model is solved using the GEMPACK system (Horridge et. al., 2012).


We turn now to TERM-BR's land use change (LUC) module which tracks land use in each state, allowing the analysis of endogenous land supply for agricultural expansion. The LUC module is based on data from from satellite imagery of Brazilian land use changes between 1994 and 2002
. We processed this data to distinguish land areas used for three broad types of agriculture, Crop, Pasture, and Plantation Forestry, and one residual type we call 'Unused', which is mainly natural forest
. We distinguished regional land use by state, and, within each state by 6 soil/vegetation zones called 'biomes'. The data shows how many hectares of, say, the Cerrado biome in Mato Grosso was Unused in 1994, and also how much of that 1994 Unused area was used in 2002 for, say, Crops, or was still Unused. The data then comprises, for each of 6 biome zones
 within each state, a full transition matrix between the 4 broad land uses.


The observed values for the transitions for two selected states (ie, aggregated over biomes) in the Brazilian agricultural frontier (Amazonas and Mato Grosso) and the national total can be seen in table 2.

[table 2]


The final, row-total, column in each sub-table of table 2 shows initial land use (1994), while the final, column-total, row shows year-end land use (2002). The numbers within the table show the observed transition of one type of land to the other, in the period under consideration. The pattern of transitions differs substantially between states. In Amazon state, for example, most of the natural forests (Unused, 0.67 Mha) were converted to Pasture and only 0.04 Mha converted directly to Crops, while in Mato Grosso 2.08 Mha were converted directly from forests to Crops and 5.88 Mha from forests to Pasture. At the same time, no Pasture was converted to Crops in Amazon, while 1.3 Mha of Pasture were converted to Crops in Mato Grosso. In total we see that there was a 9.2 Mha increase in Crop area and a 22.7 Mha increase in Pasture area in the period in Brazil, with 7.7 Mha of Unused land being converted directly to Crops and 25.9 Mha to Pasture, while 5.1 Mha of Pasture were converted to Crops in the same period.


We converted the transition matrices into a share form which shows Markov probabilities that a particular hectare of land used in one year for some use would be in another use next period. In the model, these Markov matrices drive movements of land between uses, so determining agriculture land supply in each year.


Although initially calibrated from observed data, the Markov matrices in the model are subsequently modified endogenously according to simulated changes in the average unit rentals of each land type in each region. Each transition matrix, then, represents a summary of the multiple variables that can affect deforestation, and which are incorporated in the differential rates of transition between different types of land use. The Markov probabilities in the model are modeled as a function of land rents through the following rule (Ferreira Filho and Horridge, 2014):
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Following the above rules, if Crop rents rise relative to Pasture rents, the rate of conversion of Pasture land to Crops will increase.


As shown at bottom right of Figure 2, the land supplies implied by biome transition matrices are summed, over biomes, to determine in each state and year the total area of each broad type of land use. Then the model allocates the total among different crops or livestock uses according to a CET-like rule:
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where 
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The model´s dynamics allows the construction of a base forecast for future states of the economy, to which different policy scenarios can be compared. The new scenarios differ from the base only via shocks on policy variables, which generate deviations from the base that can be interpreted as the effect of the policy change.


Other details of the model closure are as follows. The total supply of each labor skill type increases according to official projections. Inter-regional real wage differentials drive labor movement between regions. Within a region, labor of each skill type flows freely between activities. Regional household consumption is linked to regional wage income and to national household consumption. The nominal trade balance as a fraction of GDP is fixed, with national household and government consumption adjusting together to meet this external constraint. Regions are divided into two broad groups: frontier and land-constrained, based on their proportion of unused land (natural forests). In all scenarios the closure prevents further conversion of unused land in the land-constrained regions. In the Base scenario, deforestation is allowed to continue in the frontier regions, while in the alternate (Policy) scenarios, deforestation is prevented in all regions. In all scenarios, land moves endogenously between Crop, Pasture and Plantation Forest uses.

Model baseline and scenario simulation

As explained before, the model database is for year 2005, the starting point for our scenarios. The first step in the simulation is to update the model´s database to year 2012 through a historical simulation, which imposes on the model the observed aggregate macroeconomic changes during 2005-12. After this the baseline simulation assumes moderate economic growth of the Brazilian economy until 2030 (2.5% annual increase in GDP), together with population projections by state from the Brazilian official statistical agency (IBGE).


For the land use pattern in the baseline, the model was calibrated to project, after the historical period, a rate of deforestation equivalent to that observed for 2009-2013 by the PRODES
 monitoring project, or around 660 thousand hectares per year until 2025
. With this projection, the transition matrix will govern the allocation of this extra land to the other activities, as discussed above.


For the counterfactual analysis, we consider two policy scenarios. The first scenario imposes the target proposed in the abovementioned PPCDAm plan. According to this target Brazil should reduce its yearly deforestation rate by 80% in relation to the average yearly rate observed during 1996-2005 (1,965.5 thousand hectares). This means that the targeted yearly deforestation rate in 2020 is about 392.5 thousand hectares.


The second scenario models a complete halt in deforestation, starting in 2015. This scenario, although extreme, matches the target proposed by the New York Declaration on Forests, issued in the United Nations Climate Summit 2014, but which Brazil has not endorsed. Those two scenarios, then, will highlight the role played by the continuous increase in total land available for agriculture and livestock production. In summary, our simulations consist of:

· Baseline scenario (Base): shocking our model with the commodity (average) price shocks in international markets for the historical period (2005 to 2012), and projecting the economy until 2025 based on past observed trends for GDP, population, and other variables, with the endogenous land stock adjustment pattern explained above. After the historical period we assume that world commodity prices will grow annually 1% faster than manufacturing prices and that the Brazilian economy would grow 2.5% per year. Based on these assumptions, the model generates a path of deforestation projected from the transition matrix and the general adjustment of prices in the economy.

· Policy Scenario 1: The same as the baseline, plus the inclusion of the PPCDAm targets for deforestation reduction, i.e., annual deforestation of 392.5 thousand hectares, starting in 2020.

· Policy Scenario 2: The same as the baseline, plus the inclusion of a total halt in deforestation, starting in 2015.

These two policy simulations will highlight the effect of deforestation controls on Brazilian economic growth.

Results

Agriculture (including livestock) accounts for just 5.7% of Brazil's GDP in the model´s base year, which suggests that the effect on the whole economy of a halt in deforestation should not be high. table 3 displays the accumulated results in 2025 for selected macroeconomic aggregates. In the table, “Base” refers to the model´s baseline values, while Scenario 1 and Scenario 2 refer respectively to the deviation from the baseline caused by the extra policy shocks of scenarios 1 and 2. The GDP fall due to reduced deforestation would account for only a 0.05% fall accumulated to 2025 for Scenario 1 and 0.09% for the more aggressive Scenario 2; both negligible values, as expected, especially when compared to the 75% growth of GDP in the baseline.

[table 3]

Area results for the broad land use groups can be seen in table 4. Again, the “Difference” columns show the results of the policy shock for each scenario: a 3.6 Mha of forests spared from clearing in Scenario 1 and 6.6 Mha in Scenario 2, with corresponding reductions in the amount of land available for agriculture (Crops, Pasture and Planted Forests), compared to the baseline.

[table 4]

Most of the fall in deforestation would be compensated by the fall in areas under pasture, respectively 3.0 Mha and 5.5 Mha in scenarios 1 and 2. The area under crops would fall much less: this is caused both by the relatively smaller area under crops in the base year and by substitution of pasture by crops, as the price of agricultural land goes up. As noted before, the large amount of pasture in Brazil plays the role of an “intensive frontier”, that is, land where more productive and profitable agriculture activities can expand. This effect cushions the impact of the fall in total available area on crop supply (see table 5).

[table 5]

table 5 also shows that the reduction in production is smaller than the fall in land use. This is partially caused by an endogenous increase in average productivity induced by the reduction of agricultural areas in the frontier, where productivity is smaller than in the traditional areas for many agricultural activities. Thus the relocation of agricultural production to the more productive non-frontier regions partially compensates for the fall in supply of agricultural land.


This, however, is not the only source of endogenous productivity increase in the model. As the price of land goes up, an input substitution process takes effect: agriculture substitutes away from land toward other inputs, increasing land productivity. 


The increase in productivity (output per hectare) for Scenario 2
 is decomposed into several sources in table 6, following a shift-share decomposition system used in Ferreira Filho and Horridge (2012).

[table 6]

In table 6, the change in national output is decomposed into four main components (parts A-D):

A = the percent change in national area. This is the decrease that would occur if land shrunk equally in all regions and if land productivities remained unchanged.

B = this component shows the (generally positive) effect of land areas expanding more where output per hectare is greater (ie, in the long-established non-frontier regions, where productivity is generally higher). However, for soybean and cotton, output per hectare is higher in the frontier states (where expansion is constrained), leading to negative contributions.

C = the % change (policy/base) in regional land productivity (output per hectare), arising from limited substitution (=0.25) between land, labor, and capital.

D = an interactive or second-order term. As areas shrink (negative % change), land rents rise, leading to substitution against land, and an increase in output per hectare. Thus the product term tends to be negative.

The decomposition helps us to understand how intensification and locational effects can work to dampen the effect of area reduction. Using the corn case as an example, the halt of deforestation would cause a 1.53% fall in corn planted area accumulated in 2025 (column A). However, the re-concentration of corn production in the more traditional corn areas, with higher productivity per area, would increase production by 0.53% (the area shift effect, column B); while the induced input-substitution against land would bring an extra 0.53% increase in productivity (column C). This result agrees with DeFries and Rosenzweig (2010), who point to a minor contribution of deforested lands to food production at global level. Thus the model results point to a small impact on agricultural supply of the fall in deforestation, due partly to the intensification of production. Notice that this intensification is a price-induced effect, and not technological change in the classic sense, which is exogenous to the model and could compensate the area reduction effect.

The role to be played by technological change can also be evaluated with the aid of our model, through another counterfactual simulation where a technological change parameter representing the Total Factor Productivity (TFP) in each agricultural and livestock sectors is kept endogenous, while production is fixed at their baseline levels. The model calculates, then, the TFP change required to compensate for the fall in land availability, and results can be seen in the fourth column of table 5. Livestock, for example, would require only a 0.10% per year TFP increase above the trend to keep supply stable at baseline levels in Scenario 1, even in the presence of a 1.9 % fall in area. As can be seen, a modest increase in TFP above the trend would be enough for most activities, considering the recent performance of Brazilian agriculture: as shown by Gasques et al (2011) the TFP growth in Brazilian agriculture in the 1995-2006 period was around 2.13% per year. Likewise, Martha, Alves and Contini (2012) showed that 42.1% of the beef supply expansion in Brazil in the 1996-2006 period was due to the increase in the stocking rates, an average 9.1% per year increase.

Sensitivity of results

CGE models typically rely on a large number of assumptions about data, functional forms and parameter values. The model is calibrated from a single initial-year data observation — so no probability distribution is available for these estimates. As observed by Adams and Higgs (1990), CGE models are a non-stochastic approach to economic modeling.


The uncertainty about parameters which are central for results can, however, be reduced through simulations with alternative values, to gain intuition about the stability of results under different parameter specifications. In table 7 we present alternative results for LUC for two different values of the sensitivity parameter α, the sensitivity of land use change to land rents. As discussed before, the value for α in the model is set to 0.28; the alternate results corresponding to doubling and halving that value.

[table 7]

We can see that although the change in land use by the agricultural activities is negatively correlated to the value of α in this simulation, the results are not very sensitive to the alternate values.

Final remarks

In this article we have examined the consequences for Brazilian agricultural supply of a halt in future deforestation, comparing two alternate scenarios with a baseline where deforestation was not controlled. We obtain estimates of the possible economic costs of deforestation control policies. Yet model results show that even in the most extreme case, the consequences would be limited and easily overcome by agricultural policies directed toward increasing productivity.


The results support the claims of Ferreira Filho and Horridge (2012), that economic justifications for deforestation are weak for Brazil, where pasture land forms a large intensive frontier, or alternate land reservoir. The same authors call attention, however, to unevenly distributed regional costs of halting deforestation (not explored in this article), which could be offset by compensatory policies.


Some of these compensatory policies would emphasize institutional and regulatory changes in order to achieve sustainable agricultural production to reduce poverty and improve access to food. However, given the marked differences among producers in terms of size, capital and technology used, these agricultural policies need to be tailored to target specific groups or areas as no single policy would work well for all. For example, in order to foster sustainable commercial agricultural production, policies should focus on improving transportation infrastructure, opening export markets, and reducing paperwork needed to export goods. On the other hand, subsistence farmers are likely to require additional policies such as health care, subsidized inputs, and agricultural outreach.


Presently, deforestation is slowing in Brazil, but a complete halt is not imminent. Our results suggest that the current fall in deforestation will not compromise Brazilian agricultural supply capacity in the foreseeable future. However, the pursuit of international forest protection goals is likely to become of growing importance for agricultural trade, as environmental restrictions are incorporated into trade regulations.
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Figure 1. Annual crop area (1,000 ha) and rate of deforestation (1,000ha/year) evolution in Brazil
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Figure 2. Production nesting structure, with typical elasticities

table 1. Brazil´s Share in World Production and Exports: Selected Commodities, 2010
Commodity
Share in world
production (%)
Share in world
exports (%)

Cereals
3.04
3.7

Oil crops
7.97
21.3

Sugar
23.0a
38.5

Citrus
16.84


Cotton
4.67
7.76

Meats

15.5

Beef
13.5
14.2a

Pork
2.9
19.6a

Poultry
11.3
11.6a

Source: FAO (2013), except where marked (a): OECD-FAO Agricultural Outlook

table 2. Transition Matrices between Different Land Uses, 1994-2002, Million Hectares


Amazonas

TRANS
Crop
Pasture
PlantForest
Unused
Total 1994

Crop
0.08
0
0
0
0.08

Pasture
0
3.68
0
0.07
3.74

PlantForest
0
0
0
0
0

Unused
0.04
0.67
0
151.19
151.89

Total 2002
0.12
4.35
0
151.26
155.72


Mato Grosso

TRANS
Crop
Pasture
PlantForest
Unused
Total 1994

Crop
7.95
1.61
0
0.04
9.60

Pasture
1.3
18.28
0
0.27
19.84

PlantForest
0
0
0
0
0.00

Unused
2.08
5.88
0
53.23
61.20

Total 2002
11.33
25.77
0.01
53.53
90.64


Brazil

TRANS
Crop
Pasture
PlantForest
Unused
Total 1994

Crop
97.6
3.2
0.1
0.3
101.10

Pasture
5.1
171.7
0.1
1.3
178.20

PlantForest
0.1
0.1
5.6
0
5.80

Unused
7.7
25.9
0.1
531.2
564.90

Total 2002
110.3
200.9
5.9
532.8
850.00

Source: FUNCATE.

table 3. Model Results: Selected Real Aggregates, Percentage Changes, Accumulated to 2025


Absolute
2025 Difference from base


Base
Scenario 1
Scenario 2

Consumption
101.4
0.00
0.00

Investment
88.6
-0.27
-0.52

Government
77.8
0.00
0.00

Exports
67.8
-0.07
-0.12

Imports
290.9
-0.05
-0.10

GDP
75.2
-0.05
-0.09

Employment
27.4
0.00
0.00

Real wage
48.0
-0.10
-0.19

Aggregate Capital
77.6
-0.06
-0.11

Source: model results.

Note: The first, Base, Column, shows cumulative percentage changes over the simulation period 2005-2025; e.g., real GDP grows 75.2% over the period. The second and third columns show percentage deviations from Base in 2025; e.g., in Scenario 2 real GDP in 2025 is 0.09% lower than in the Base in 2025.

table 4. Model Results. Land Use Evolution by Broad Categories. Ordinary Change, Million Hectares, Accumulated until 2025


Absolute
2025 Difference from Base


Base
Scenario 1
Scenario 2

Crops
7.8
-0.6
-1.0

Pasture
6.8
-3.0
-5.5

Planted Forests
0.1
0.0
-0.1

Unused
-14.8
3.6
6.6

Source: model results.

Note: Numbers should be interpreted as in table 3. For example, in the Base scenario, Unused land area falls by 14.8% during 2005-2025, while in Scenario 2 , Unused land area in 2025 is 6.6% than in the Base in 2025.

table 5. Model Results: Land Use and Production; with Annual Productivity Increase Needed to Keep 2025 Production at the Base Level


Scenario 1: % variation
relative to baseline in 2025
Scenario 2: % variation
relative to baseline in 2025


Land use 
Production 
Productivity
Land use 
Production 
Productivity

Rice
-2.28
-1.11
0.09
-4.16
-2.05
0.18

Corn
-0.83
-0.28
0.03
-1.53
-0.52
0.06

Wheat
-0.02
-0.01
0.00
-0.04
-0.07
0.01

Sugarcane
-0.23
-0.10
0.00
-0.42
-0.19
0.01

Soybean
-0.68
-0.54
0.03
-1.25
-0.99
0.06

Other agric
-1.09
-0.17
0.02
-2.00
-0.31
0.03

Cassava
-2.39
-0.72
0.15
-4.34
-1.38
0.28

Tobacco
-0.10
-0.03
0.01
-0.18
-0.06
0.02

Cotton
-0.59
-0.25
0.04
-1.08
-0.47
0.07

Citrus fruit
-0.64
-0.26
0.02
-1.18
-0.50
0.03

Coffee
-0.72
-0.23
0.01
-1.33
-0.42
0.03

Forestry
-0.64
-0.52
0.04
-1.23
-1.00
0.09

Livestock
-1.90
-0.84
0.10
-3.48
-1.56
0.19

Milk Cattle
-1.28
-0.58
0.05
-2.36
-1.09
0.10

Source: model results. Productivity refers to Total Factor Productivity (TFP).

Note: Columns headed 'Land use' and 'Production' shows 2025 percentage differences between a policy scenario and the Base; for example, in Scenario 1, 2025 Soybean output is 0.31% lower than in 2025 Base. The columns headed 'Productivity' refer to two supplementary simulations (Scenario 1a and Scenario 2a) which calculate what annual increments to Total Factor Productivity (TFP, or all-input-reducing technological change) would be needed to hold crop output at the Base levels.

table 6. Model Results: Sources of Output Change, Policy Relative to Base, 2025, Scenario 2

 
(A)
National area 
(B)
Area shift 
(C)
Productivity 
(D)
Interactive term
Total
National output

Rice
-4.16
1.63
0.59
-0.12
-2.05

Corn
-1.53
0.53
0.53
-0.05
-0.52

Wheat
-0.08
0.01
0
0
-0.07

Sugarcane
-0.42
0.15
0.09
-0.01
-0.18

Soybean
-1.24
-0.23
0.51
-0.03
-0.99

Other agric
-2
0.97
0.77
-0.06
-0.31

Cassava
-4.34
0.15
3.39
-0.58
-1.37

Tobacco
-0.18
0.13
-0.01
-0.01
-0.06

Cotton
-1.08
-0.41
1.04
-0.02
-0.47

Citrus fruits
-1.17
0.15
0.6
-0.07
-0.5

Coffee
-1.33
0.61
0.33
-0.03
-0.42

Forestry
-1.23
-0.54
0.82
-0.05
-1.01

Meat cattle
-3.48
0.37
1.7
-0.16
-1.56

Milk Cattle
-2.36
0.23
1.11
-0.07
-1.09

Source: model results.

Note: The compounded effects of columns A to B add up to the penultimate column of the preceding Table.

table 7. Sensitivity Analysis. Changes in National Land Use, Cumulative Percent Deviation from Baseline, Accumulated to 2025. Scenario 2

Product
α = 0.14
(alternate)
α = 0.28
(actual)
α = 0.56
(alternate)

Rice
-4.00
-4.16
-4.45

Corn
-1.49
-1.53
-1.60

Wheat
-0.02
-0.04
-0.06

Sugarcane
-0.40
-0.42
-0.47

Soybean
-1.17
-1.25
-1.38

Other agric
-1.93
-2.00
-2.12

Cassava
-4.17
-4.34
-4.67

Tobacco
-0.17
-0.18
-0.20

Cotton
-1.04
-1.08
-1.16

Citrus fruits
-1.15
-1.18
-1.23

Coffee
-1.25
-1.33
-1.48

Forestry
-1.18
-1.23
-1.33

Meat cattle
-3.52
-3.48
-3.40

Milk Cattle
-2.39
-2.36
-2.30

Source: model results. Different values computed for alternate values of α.

Endnotes

� The Legal Amazon is an administrative region in Brazil that includes the states of Rondônia, Acre, Amazonas, Roraima, Pará, Amapá, Tocantins, Mato Grosso and the western part of Maranhão. It covers about 61% of Brazil's area, and about 12% of the population. The agricultural frontier is mainly located in Mato Grosso, Rondônia and Pará, the states located on the so-called “Arc of deforestation”.


� The web page www.copsmodels.com/term.htm links to various papers and resources.


� The transition matrix used previously in Ferreira Filho and Horridge (2014a) was for the 1996-2005 period, and was not based on satellite imagery observations.


� Areas used for cities and roads are also included in the Unused category, but they account for only a small fraction of the Unused area in states where most deforestation is occurring.


� Land cannot move between states or biomes. Hence the biome dimension adds some useful extra regional detail. However, the biome dimension is included for another purpose, not explored here. Parallel to the transition matrices showing areas of land which changed use is another series of matrices which show the emissions of CO2 and other greenhouse gases associated with each land use change. Clearing a hectare of Amazonia (rainforest) biome releases far more CO2 than clearing a hectare of Cerrado (scrub) biome. We intend in future to relate deforestation to emissions, for which the biome distinction will be important.


� The PRODES project (Monitoramento da Floresta Amazônica Brasileira por Satélite) monitors deforestation in the Brazilian Amazon region through satellite imagery. See: http://www.obt.inpe.br/prodes/index.php.


� The actual last five year´s average rate is 627 thousand hectares. We have used a slightly higher value because there are some areas not covered by PRODES in which deforestation occurs, such as the southern part of Maranhão and Piaui states, and western Bahia.


� Computer files are available to rerun simulations reported here. See archive item TPMH0144 at www.copsmodels.com/archivep.htm.


� We use Scenario 2 to illustrate the effects, to save space. The results for Scenario 1 are similar, but smaller in magnitude.
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