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Introduction Data
• The sample contains 200 municipalities that have deforested more than 31 

thousand hectares during the period 2001-2015 (adding up to 2600 obs.). 

• Grains, livestock and timber, and inputs (labor, capital, area and public exp.) 

from the Brazilian Institute of Geography and Statistics (IBGE, 2017);

• Deforestation from the National Institute for Space Research (INPE, 2017);

• Public expenditure from the Brazilian National Treasure Secretary (2017).

Results

▪BTC =
𝜕 ln 𝑀𝑅𝑇𝑚𝑗

𝜕𝑡
> 0,

This implies that on the PPF, technical change has allowed tradeoff of more 

agricultural production (grains, livestock and timber) for a smaller decrease in 

deforestation than was previously feasible. 

▪BPE =
𝜕 ln 𝑀𝑅𝑇𝑚𝑗

𝜕𝑥
> 0,

This implies that on the PPF, increased public expenditure has also allowed tradeoff 

of more ag production per unit decrease in deforestation. 

Conclusions
• We have found a lower RTC, of 4.6%, compared with studies that do not 

consider deforestation as a bad output, which have measured a 7% RTC;

• The BTC and BPE have changed the tradeoff on the PPF that allows increased 

agricultural production with smaller increments in deforestation.
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Methods
▪We estimate the PPF using a directional distance function:

▪Brazilian agriculture has experienced high rates of 

productivity growth since early 70’s. Several studies 

found this result but without accounting for harmful 

environmental impacts of agriculture. 

▪Brazilian agricultural production emitted 8.4% of the 

world’s CO2e emissions generated by agriculture, most 

from land use change. 

We estimate a production possibility frontier including 

deforestation as a bad output and grains, livestock and 

timber as good output for the “arc of deforestation” in 

the Brazilian Amazon to evaluate the:

▪Rate of technical change (RTC);

▪Bias of technical change (BTC); 

▪Bias of public expenditure (BPE). 

𝐷𝑜 𝐱, 𝐲, 𝐛, 𝑡; 𝒈𝒚, 𝒈𝒃 = 𝑚𝑎𝑥 𝛼: 𝐲 + 𝛼𝒈𝒚, 𝐛 − 𝛼𝒈𝒃 𝜖 𝑃(𝐱)

where y is a vector of desirable outputs, b is a vector of undesirable outputs, x is a vector of 

inputs, t represents time, and 𝒈 = (𝒈𝒚, 𝒈𝒃) = (1,−1) represents the directional vector used.
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Agricultural outputs and deforestation in the “arc of 
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▪Overall average RTC was 4.6%. 

This implies that technical change has 

led to an increase agricultural production 

and a decrease in deforestation during 

the period from 2003 to 2015.

▪We estimate this equation using Maximum 

Likelihood Estimation (MLE) and Generalized 

Method of Moments (GMM). 

▪We use this information to obtain the:

▪Rate of technical change =
𝜕𝐷𝑜

𝜕𝑡
,

▪Bias of technical change =
𝜕 ln 𝑀𝑅𝑇𝑚𝑗

𝜕𝑡

▪Bias of public expenditure =
𝜕 ln 𝑀𝑅𝑇𝑚𝑗

𝜕𝑥


