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1. CONTEXT

Brazil’s Forest Code of 2012 mandates the maintenance of 80% 

legal reserve of forested land in every private property in the 

Amazon biome. Property owners who deforested more than le-

gally permitted before 2008 have the option of buying credits from 

owners who have surplus native vegetation in the same biome to 

satisfy their legal reserve deficit. The use of Environmental Reserve 

Quotas (“CRA”) could potentially reduce legal deforestation of sur-

plus forested land. Our research objective was to model supply and 

demand for CRA, by accounting for priority areas defined in terms of 

deforestation risk, carbon stock, and biodiversity importance in the 

Amazon biome in Mato Grosso.

2. METHODOLOGY

We used Cadastro Ambiental Rural (“CAR”) data to develop our 

model. We divided CRA supply into three different categories: (a) 

CRA 1 -  the surplus of native vegetation that exceeds the 80% re-

quirement (Article 12 of the Forest Code); (b) CRA 2 - the surplus of 

legal reserve when it exceeds 50% of a private property which was 

deforested before 2001 (for medium and large farms) ; and (c) CRA 

3 - farmers who have small properties outside rural settlements up 

to 4 fiscal modules and can sell credits from all of their legal reser-

ves.

In this analysis, we favoured an approach in which CRA works 

strategically to create deforestation barriers in areas which are 

under high pressure and, secondly, areas that are more relevant 

from an ecological perspective, i.e, carbon stock and biodiversity. 

By taking those into account, we generated a map that divides the 

areas into three classes, i.e., Low Priority (LP), Medium Priority (MP), 

and High Priority (HP).

3. RESULTS

We modelled supply and demand in six different scenarios, 

where we obtained the equilibrium price of CRA, and the quantity 

of CRA that will be traded in each of these scenarios, as provided in 

the table below:

Scenario Surplus
(M.ha)

Deficit
(M.ha)

Equilibrium 
Price (BRL)/ha/

year

Equilibrium 
Quantity (M.ha)

Carbon Stock 
Saved (M. Tons)

Avg Carbon 
Saved (ton/ha)

Carbon Value 
(BRL/ton of CO

2
)

CRA 1 2.06
8.15

261.07 1.829 135 74.2 1.62

CRA 1, 2, 3 4.11 220.89 2.955 231 78.2 1.13

Using Weighted Priority Map

HP  (CRA 1) 1.1

8.15

270.92 0.968 82 85.6 1.86

HP (CRA 1, 2, 3) 2.16. 257.07 1.860 162 87.3 1.6

HP, MP (CRA 1) 1.73 264.4 1.554 120 77.6 1.78

HP, MP (CRA 
1,2,3)

3.33 237.92 2.575 205 79.8 1.41

1This is due to the fact that the 1965 Forest Code defined a 50% legal reserve in the Amazon forestlands, but in 2001 the legal reserve was increased to 80% (see 

Article 68 of Law 12.651/2012).
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2Cunha, Felipe et al., (2016) The implementation costs of forest conservation policies in Brazil, Ecological Economics 130, 209–220

3 In fact, some authors argue that in this areas cash transfer schemes have more effectiveness because the opportunity cost is lower and marginal benefit is higher.
Martinez-alier, J.,. Ecological economics 2015. International Encyclopedia of the Social and Behavioral Sciences.

4 Instituto Escolhas, (2017) Quanto é? Plantar Floresta. http://quantoefloresta.escolhas.org/ (Accessed August 15, 2017).

ve deficits to assess the feasibility of CRA. 

Therefore by buying CRAs, an individual can continue 

to use productive land and stimulate profit which more 

than surpasses the cost of the CRA in the recent future:

Scenario BRL/hectare

Passive restoration 3,078.55

Native seedlings 18,872.10

Seedlings + 50% eucalyptus 16,586.67

Agroforestry 14,803.30

CRA Price 257.07 per year

6. POLICY RECOMMENDATIONS

(a) CRA regulations at state level: States should identify 

and define key priority areas for issuing CRA and apply it as 

regularization instrument that also works strategically for 

enhancing key ecosystem services provided to the popu-

lation, by creating deforestation barriers and maintaining 

important ecological values.

(b) Reverse Auction: It might be worthwhile to consider 

a reverse auction where the sellers compete to sell CRA at 

the lowest price possible to the individuals demanding it. It 

must be noted that the goal of such an auction is not to pri-

ce the highest priority land at a high price, but to maximise 

the environmental benefit of the sale and ensure sustained 

conservation.

(c) Enforcement of CRA: Börner et al (2015) state that 

CRA will have low supply side enforcement, and thus 

recommends increased enforcement where the trading 

occurs.  Furthermore, it is worthwhile to consider the po-

tential penalties that could be imposed to make CRA more 

effective. A high fine is one option; however, given the ina-

bility to enforce fines effectively it might be worthwhile to 

consider a blacklisting mechanism on the lines of the Soy 

Moratorium.

4. DISCUSSION

If the goal of CRA is to solely avoid legal deforestation 

and provide additionality, the focus of CRA should be 

limited to lands that form CRA 1. However, this would 

limit the supply of CRA for the market, as the supply 

would not cover the demand. 

It can be argued that CRA 2 and 3 do not provide any 

additional conservation impact as they contain legal re-

serves that are protected and cannot be deforested, but 

these lands are legally fragile, and additional government 

strategies are needed to reduce deforestation therein. 

We also argue that a comparison of cost per hectare for 

CRA with the cost per hectare for enforcement could 

indicate which policy would be more feasible. Cunha et 

al. (2016) indicate that the cost of implementing forest 

conservation policies at the municipal level ranges from 

BRL 1121-3659/ha.The CRA prices calculated herein 

imply greater feasibility, and provide positive social co-

-benefits given that CRA 3 refers to areas located within 

small family farms.3

5. ALTERNATIVES UNDER THE FOREST CODE

We compared alternative ways of satisfying legal reser-
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Demand and Supply of CRA 1.
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