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Figure 1.1   Main agriculture development areas in the Amazon
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Deforestation in the Brazilian Amazon

Brazil in Context: Comparing Tropical Deforestation Rates
Around the World
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Table 2.1  Regions and countries owning major tropical forest stocks and extent of de-
forestation, 1990–1995 (thousands of hectares)
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Table 2.2  Mean rate of gross deforestation by state, 1978–1998 (kilometers2/year)
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High intensity

Medium intensity

Low intensity

Deforestation frontier

Figure 2.1   Distribution of deforestation in the 1991–1996 period showing deforestation
intensity

Source:
Notes: The deforestation frontierwas defined for this report relying on data in the agricultural census bymicro-

region and on data inAlves 2001 and 2002.Reprintedwith permission ofDr.D. S.Alves.

Adapted fromAlves 2002.
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Table 2.3  Global carbon budget for the 1980s showing major
emission sources and uptakes (million metric tons/year)
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Modeling Interactions between the 
Environment and the Economy
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Figure 3.1   Factors affecting the appropriate structure of a CGE model
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Figure 3.2   CGE structure showing the circular flow of income

Notes: RoW is rest of world, C is consumption, G is government, and I is investment.
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Table 3.1  Mapping of economic activities, commodities produced, and factors used (as adopted in the model)
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Figure 3.3 Land transformation/conversion flows
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Figure 3.4  Sectoral production technology
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Table 3.2  Production technology:  Substitutability between agricultural commodities
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Figure 3.5  Flow of goods from regional producers to the national composite commodity
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Table 3.3  Definition of variables, parameters, and indices in the ZimCGE model
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Table 3.3—Continued
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Table 3.4  Model description (simplified version with no intermediate goods)
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Table 3.4—Continued
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Figure 3.6  Markov chain representation of biophysical transformation processes
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Table 4.1  A basic national social accounting matrix
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Table 4.3  Macroeconomic social accounting matrix for Brazil, 1995 (R$ current billion)
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Table 4.4  Value-added structure for Brazil, 1995
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Table 4.5  Structure of the Brazilian national commodity markets, 1995
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Table 4.6  Value added of regional agricultural output, differentiated by producer size
(R$ billion)
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Table 4.7  Farm establishments by size and land ownership concentration
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Table 4.8  Evolution of land ownership concentration:  The Gini coefficient, 1970-1995
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Table 4.9  Number of families that have benefited from land reform projects
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Table 4.10  Gross migration between regions inside Brazil, 1991–1996 (number of 
persons)
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Figure 4.1  Migration as a function of wage differentials between regions

Migration from
region A to B

(Wage differential between A and B)
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Table 4.11  Average wages and population for each region
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Figure 4.2  Net migration flows between regions used in the estimation of migration
functions.

Notes: Units are thousands of people migrating (size of circles indicates approximate size of population at a
node, the thickness of lines indicates magnitude of migration flow between two nodes).
Net migration flaws were computed based on Table 4.10
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Table 4.12  Propensity of unskilled labor to migrate and wage differential threshold (%)
before movement occurs between two regions

A�������/
����������3��
�/�		
�
���������
����/� !"

���,
��������

*�����
�	��* ����� ����� ����� ������#�����

A������������� ������ +���� �*�?�� @����
��� 

��
��8
�� #����
��

�����
�!�3��
 
�&
 <�<
 � � � �

�����
(��	����	
 
�-0 <�-
 -8�;
 � -1�-
 0�+


�����
���	��,)��	 
�<+ <�8
 1�1
 � � �

�����
���	�4
���	����	
 
�;� <�+
 -&�8
 � <�;
 �

(�	��> .��
�������
6�9
������	�
�
���,����������
��	��
�������
��
��	
!����	���
"��
��������
���!
������
	�

���	���	����
:�	�!�	���
�����	�
���
�����
��
��	�
��
.�����
;�-

���
;�--$
�����
	��
!�	���
���������

��
	��
	�#	�



�����������
�������
���������
"�	�
������	

����
 ����
 	�
 	��
 �����!��
 �����	���
 ���

����	�
	�
!�����
�#��	���
����
���
��		�����

���������
 �
 ��������	�	���
 ��
 ��������

���������
��
	��
�����!��
���!�"�� 
��
�!,

���	��	
�������
	����
���������
���
�
!�C��

����	�������
 ���	��
 ���
 ��������
 �������,

!��	
��
	��
�!�3��
�������


���	������
	�!�
���
������	�
	�!�
!��,

���
 ��
 	����
 ���������
 ���
 ��
 ����
 ��	��,

����������
 "�	�
 ��!����
 �����	�
 6������	$

���"$
���
?�		
-8<&9�
 ��
!��	
�����$
�!,

���������
 �����
 !�����
 ���
 ��	�!�	��
 ��

������
��	��!����
��
����!�����
	��
����,

�����
�	
������	�
	�!�
��	�������
.��
!����

��
��
������	�
	�!�$
���
	��
��	������
������,

����
���
������
.���
��
	��
��������
����	��

���
 	��
 ��	�!�	���
�����
.��
 �	�	�
 �����
 ��

����
 ������	�
 �������
 �
 ����	�
 ��!���
 ��

�	�	��
 ��
 "����
 ����
 ���
 ��
 ����������
 ���

�����������

���
���
����&��)��'���������&����,

�
�������
�

���
�
����	,�����
�	�	������
A�� ��
�������

"�	�
 �#�������
 ����
 ���$
 	��
 	�����	���

���������	���
 ���
 �������
 �������
 ���!
 �

��!���
 ��
 	�����	����
 6�����	�����
 ��
 ����

���9
���������
��	"���
	"�
����	�
��
	�!��

*��������
 ��
 ��	�
 ����������	�$
 	��
 	�����,

	���
 ���������	���
 ���
 ��
 ��	�!�	��
 �����

��������	
��	�
��������
.��
�����	�
����
����

��
��	�
������	��
	������
���!
�������
��

�����
 �����������
 ��
 ����
 ���
 ����L���

6F��	�$
)�	�����$
���
������	���
�

�9�
*�,

�������
��
��	�
 ����������	�$
 	��
 	�����	���

���������	���
�����
��
��	�!�	��
�����
����

���
!���
��
��
�������
A��	�
�����
��!�,

��	����
�����
����
!�����
����	��
	�
	����,

���
������

.��
 ��	�!�	���
 ������!
 ���
 ��
 �����,

���	��
��
�
��	"�� 
��
"����
	��
�����
���,

�����	
	��
�	�� �
��
	��
��������	
����
	����

���
	��
����!�	���
	�
��
��	�!�	��
���
	��

���"�
 ��� ���
 	��
�	�� �
����
 	�!�
6������

;�&9�
 .����
 ���"�
 ���
 ��
 ��	�����	��
 ��

���������	���
����
	��
��	��
��
���"
	�
�	�� 

��
��	������
���
�
��������
�������	���$
���,

����
	��
��	�
������
�������
���	
���	���
���

�
"���
�����	���
��
���!��
��
�������$
��",

����$
�	
��
��������	
	�
����
�����	������
	�!�,

�������
 ��	�
 	��	
 ��������
 ����������
 ���	

!���!��	�
���!
�	�	�
	�
�	�	��
���	���$
���

����
 	
 	����
!���	
��
�
 ��!�	��
��!���
��

	�����	����
 ���
 �������	�
 ����
 ���
 ��	�

6���!
 ����
���
!���9
 	��	
 ���"
��	���
 	��

��!���
 ��
 ��	��!��
��
 	��
 �������������

������	����
��
����
��
	��
A�� ��
�	�	��
��

����
 	�!�
 �������
��	����	�����$
 ���!
 ���,

����
!��
����
�
�����,���	���
��
���	
�����

��	�
��	
��
�
���C��	���
���������	�
��
	���,

��	���
 �����	��
 ���!
 	��
 ���!��
 ��	���
 	���

	�!�,�������
�������	�����


��
��	�!�	���
������!
��
����
	�
��
���

�����
��
	����
��
��	
������
�����!�	���
��

	��
��	�
	�
���!�	
	��
��������
��
	��
	�����,

	���
 ���������	���
 ��
 	����	�����
 ��	�!�	���

!�	�����
.��
���,�����
�����	
!��
�����
��,

�����
	��
��	�
���
!�	�����
��������	��	
��

	����
 ���
 ��	
 ������
 ��	�
 ����	��
 ��
 	����,

	�����
��	�!�	���
����������
���
����
��
��	,

��	����
"�	�
����
��"
��	�
����	�$
	��
����,

��!
��
����
	�
��
�������	��!����$
�������

	�
 ������
 ���	����
 ��	�!�	��
 ���
 ����	����

����!�	����
��
�
�����	
��� $
B����$
J����$

���
A�����
6-88+9
������	
�
�����	�
��
��	�,

!�	���
	�����H���
�����
"��	
	���
��������

��
 O!�#�!�!
 ��	����
 �����!�	����$P

"����
���
��
�������
"���
�������
"�	�
���,

�����
������!��
.����
	�����H���
!��
	���

��	
	�
��
����
������
��
	��
��	�!�	���
��
	��

����
	�������!�	���
!�	��#�
������$
	����
��

�
���	���
��
	����
��� 
	��	
�����3��
��
���,

�����
 �	�	������
A�� ��
 �������
������!�

.��	
 �	
"����
����"
 	��
����	���
��
 ���!,

���@ ���C��	���
���������	�
��
	�������!�	���

��
 �
 2�������
 �����
 ��
 	��
 ��	�!�	���

�������
!� ��
 �	
 ����
!���
 ���������
 ���

	���
���������
.����
��	�
�����
��	
��
�	�,

��"���
���������	��
��	�
�
�	������
��	�!�,

	���
	�����H���


� !�#�!�!
��	����
���!���	���
��
	��

��	�!�	���
������!
6��!����
	�
	��	
����	��

��
	��
���	���
��
	��
��	�!�	���
��
!����	���

	���������9
 "��
 ���������
 �����
 �����	��

�������	���
 	�!��
 ���
 	��
 �!�3��
 ���!

���!
 �������
 ���
 �������	����
 �#	������

�	�����
��
�������
2����
��
	���
���!���	���$

58 CHAPTER 4



�	
 	�� 
 �,;
 �����
 ���
 	��
 	�����	���
 ���!

������
����
	�
���������
�����
�������$
���

0,-1
�����
	�
��
���!
���������
�����
���,

	���
 	�
 ��������
 ����
 	��	
 ��
 ��	���
 ����,

�����
��
���	
�����"
6F��	�
�	
���
�

-7
F��	�$

)�	�����$
 ���
 ������	���
 �

�7
 ���������

-88<7
)�������
 -8889�
 �����	��
 ��	�!�	��

���!
	����
������
"���
����
��
������
���

��!�����
 "�	�
 ��	�
 ���!
 	��
 �������	����

������
���
	��
������
-8<
D8+
�	
	��
�!�,

3��,"���
 �����
 ��
 �������	���$
 ��	
 	����

"��
��	
 ������
 �����!�	���
 ��
 	��
 ������

��	�
6�	
	��	
�����
��
�������	���9
	�
�������

���
 �����	���
 ���!
 	��
 ������
 ������
 ���

	���
 ������$
 ��
 ��	�!�	�
 ��
 &
 �����
 "��

����	��
���
	��
	�����	���
���!
������
����

	�
���������
�����
�������
���
0
�����
���

	��
	�����	���
���!
���	���
	�
��������
����

6"����
��������
	�
��
����������
�����
	��

��	���	���9�
�����	
��������
6���!
�
���!���

�������	���9
"��
�������
�	
	���
�����
��
	��

!�������
�����	7
��"����$
 �	
"���
��
 �����,

����	��
��
	��
!����
��
	��
��	���
��
��
	�

�������
�����"��
�����
��
	��
����
���
����,

����
��������

Factor Supplies and 
Elasticities

*������	�	���
��
-881
"��
����!��
	�
�H���

�������
 �������	�	���
 ��	"���
 -88�
 ���

-88+
 6��
 ���	����9�
 .��
 ����������	�
 ���


MODEL DATABASE 59

Figure 4.3  Transition network for estimation of transformation processes
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Table 5.1  Factor mobility and utilization for short-run and long-run scenarios
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Balanced contraction

Capital flight

Devaluation (%)
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Figure 5.1  Logging in the Amazon:  Balanced-contraction versus capital-flight scenarios
in the short and the long run
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Figure 5.2  Effects of balanced-contraction versus capital-flight scenarios on deforestation
in the short and the long run
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Figure 5.3  Change in deforestation rates if infrastructure to Amazon is improved
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Figure 5.4  Impact on the deforestation rate of regulating access to property rights
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Table 5.2  Types of technological change
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Figure 5.5  Change in deforestation rates for technological change in annuals production
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Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Figure 5.6  Short-run change in value added in the Amazon region from technological
change in annuals production, large and small farms
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Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Figure 5.7  Short- and long-run changes in deforestation rates from technological change
perennials productionin
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Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Figure 5.8  Short-run change in value added in the Amazon region from technological
change in perennials production, small and large farms

Value added for smallholders

Value added for large-farm enterprises

35

30

25

20

15

10

5

0

-5

35

30

25

20

15

10

5

0

-5

1

1

2

2

3

3

% change

% change

TFP index

Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Figure 5.9  Short- and long-run changes in deforestation rates from technological change
in animal production.
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Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Figure 5.10  Short-run change in value added in the Amazon region from technological
change in animal production.
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Notes: The full names for the types of technological change abbreviated in these figures are given in Table 5.2.
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Table 5.3  Shift from natural to planted pasture, by region, 1985–1995
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Table 5.4  Increase in annual yields in two regions 1985–1995 (%)
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Figure 5.11 Change in deforestation rates for non-Amazon technological change:
Scenario replicating innovation in 1985–95

Table 5.5  Replicating productivity improvements for the period
1985–1995: a retrospective scenario (% change)
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Figure 5.12  Change in deforestation rates for non-Amazon technological change:
What if innovation in livestock had not occured?
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Table 5.6  Change in per capita agricultural income associated with non-Amazon technological change: 
Scenario replicating innovation for 1985–1995
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Figure 5.13  Change in deforestation rates for non-Amazon technological change:
Decomposing the impact of innovation among activities
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Figure 5.14  Change in per capita regional agricultural income: Decomposing the impact of innovation by type of
activity and region where it occurs (%)
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Figure 5.15  Impact of tax and subsidy scenarios on deforestation, logging, and extractive
activities
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Figure 5.16  Impact of tax and subsidy scenarios on extractive activities and government
revenue (Rs billion)
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Table 5.7  Percent change in income to different types of pro-
ducers based on the tax and subsidy scenarios
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Table 6.1  A qualitative comparison of the impacts of technological change in the Amazon
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The CGE Model

Table A.1  Definition of parameters and variables in the CGE model
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Table A.1—Continued
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Table B.1  Regional production by commodity, 1995 (R$ billion)
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Table B.2  Factor Intensities for Amazon agriculture in the base (in terms of output)
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Table C.1  Model elasticities
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Table D.1  Short-run changes in production with currency devaluation, balanced 
adjustment scenario (%)
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Table D.2  Short-run effects of currency devaluation on per capita income, balanced-
adjustment scenario
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Table D.4  Long-run changes in production with currency devaluation, balanced-
adjustment scenario (%)
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Table D.3  Changes in macroeconomic aggregates with currency devaluation balanced-
adjustment scenario (%)
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Table D.5  Long-run effects of currency devaluation on per capita income, balanced-
adjustment scenario (%)
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Table D.6  Long-run changes in macroeconomic aggregates with currency devaluation,
balanced-adjustment scenario (%)
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Table D.7  Short-run changes in production with currency devaluation, capital-flight 
scenario (%)
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Table D.8  Short-run effects of currency devaluation on per capita income, capital-flight
scenario (%)
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Table D.9  Short-run changes in macroeconomic aggregates with currency devaluation,
capital-flight scenario (%)
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Table D.10  Long-run changes in production with currency devaluation, capital-flight
scenario (%)
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Table D.11  Long-run effects of currency devaluation on per capital income, capital-
flight scenario (%)
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Table D.12  Long-run changes in macroeconomic aggregates with currency devaluation,
capital-flight scenario (%)
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Table E.1  Short-run changes in production with reduction in transportation costs
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Table E.2  Short-run effects of reduction in transportation costs on per capita income (%)
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Table E.3  Short-run changes in macroeconomic aggregates with reduction in 
transportation cost (%)
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Table E.4  Long-run changes in production with reduction in transportation costs (%)
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Table E.4—Continued
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Table E.5  Long-run effects of reduction in transportation costs on per capita income (%)
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Table E.6  Long-run changes in macroeconomic aggregates with reduction in 
transportation costs (%)
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Table F.1  Wage impact of technological change in the Amazon (% change)
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Table F.1—Continued
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Table F.2  Short-run impact of technological change on different producer types (%)
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Table G.1  Change in per capita regional agricultural income for non-Amazon technological change: Decompos-
ing the impact of innovation on producers by type of activity
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Table G.1—Continued
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