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Natural riches of Amazonia, 
deforestation and its 
consequences 

Philip M. Fearnside1

Abstract

Amazonia’s greatest riches are in the 
environmental services provided by its natural 
ecosystems. These avoid the global warming 
that would be provoked by releasing their 
carbon stocks, recycle water that is essential 
to rainfall in Amazonia and in other areas 
(including São Paulo), and maintain biodiversity. 
While some progress has been made towards 
maintaining forest by tapping the value of 
these services, the forces of destruction have 
grown much faster, since incentives to clear 
the forest have been higher than the ones to 
conserve it. Destructive uses provide assured 
and immediate profits, whereas conserving 
forest for environmental services depends 
on financial rewards that are uncertain and 
removed in time.

approach divides Amazonia into eight “areas of 
endemism” (da Silva et al., 2005). Another is to 
divide the region into many grid cells and assign an 
arbitrary statistical threshold for the spread of the 
distribution to other grid cells (Kress et al., 1998). 
Either way, the western portion of Amazonia 
generally has both the largest number of species 
and the greatest endemism in the region, and 
some of the highest levels in the world. 

Climate

Each hectare of Amazonian forest has a high 
biomass, but some other tropical forests, such as 
those in Southeast Asia, have higher per-hectare 
biomass. However, the vast area of Amazonia 
makes the total biomass and carbon stock much 
higher in this region, giving it an unparalleled role 
in future climate regulation. Forest “biomass” 
refers to the dry weight of the vegetation (mainly 
trees). From the point of view of greenhouse-gas 
emissions, total biomass is the important measure, 
which includes not only live trees and not only 
what is above ground, but also dead biomass 
and roots. In 2013 the mean estimated biomass 
of Brazil’s 4.2 million km2 “Amazonia biome” was 
338.8 tons, or 163.5 tons of carbon per hectare, 
and the total biomass stock, despite loss of 16.7% 
to deforestation since the early 1970s, was still 
121.2 billion tons, or 58.6 billion tons of carbon 
in 2013 (Nogueira et al., 2015). Maintaining 
Amazonian forest avoids global warming and 
sustains the region’s water cycle, which plays a 
key role in supplying water vapor that produces 
rain in non-Amazonian parts of Brazil (including 
São Paulo) and in neighboring countries such as 
Paraguay and Argentina (Fearnside, 2004, Arraut 
et al., 2012).

Deforestation

Amazon forest is threatened by deforestation 
(clear cutting). The cumulative total cleared in 
Brazil’s portion of the Amazon forest is now 20%, 
about 90% of this clearing having occurred in just 

1 National Institute for Research in Amazonia (INPA)
National Institute for Research in Amazonia (INPA), Manaus, Amazonas, Brazil. 	
Corresponding author: pmfearn@inpa.gov.br; http://philip.inpa.gov.br

Fe
at

ur
e 

- A
rt

ic
le

Biodiversity

About two-thirds of the Amazon forest is in Brazil, 
the rest being shared by Bolivia, Peru, Ecuador and 
Colombia, while “greater” Amazonia encompasses 
tropical forests in Venezuela and the Guyanas. The 
natural richness of Amazonia is very great, with 
both the largest remaining area of the world’s 
tropical forest and the largest amount of fresh 
water (the annual flow of the Amazon River is five 
to six times larger than that of the world’s second 
largest river: the Congo). Amazonia’s biodiversity 
(in terms of number of tree species per hectare) 
reaches a peak where the topography begins to 
rise at the foot of the Andes Mountains. Amazonia 
has an estimated 40,000 plant species, 3000 fishes, 
1294 birds, 427 mammals, 427 amphibians and 378 
reptiles (da Silva et al., 2005). Average endemism 
(the proportion of species that only occur here) is 
high, but it can be higher in some other tropical 
forests, such as the remaining patches of Brazil’s 
Atlantic forest. Endemism refers to the degree to 
which species only occur in only one geographical 
area, thus the definition of this geographical area 
determines what is considered endemic. One 
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the last four decades (Brazil, INPE, 2015a). For 
comparison, Brazil’s portion of the Amazon forest 
is approximately the size of Western Europe, 
and by 1995 the deforested area surpassed the 
area of France. Continued clearing through 2014 
has added the areas of Austria, Switzerland and 
Portugal. At the peak of clearing an area the size 
of Belgium was felled in a single year. Annual 
deforestation rates in Brazil declined from 
2004 to 2012, after which the rate oscillated at 
approximately the same “low” level through July 
2014. The 5012 km2 cleared from August 2013 to 
July 2014 is still a substantial area. The decline in 
deforestation rates to the 2012-2014 plateau is 
explained by a variety of economic setbacks and 
easily reversed administrative measures (e.g., 
Assunção et al., 2012), all of which offer fragile 
protection on the longer term. Most important 
is a 2008 resolution by Brazil’s Central Bank that 
no public bank loans can be given to landholders 
with irregularities reported by IBAMA, the 
federal environmental agency (BACEN Resolution 
3.545/2008). The restriction on bank loans has 
immediate effect, unlike IBAMA’s fines, which 
can be appealed almost endlessly. The credit 
restriction greatly increases the impact of 
any given level of government investment in 
inspection and enforcement. Unfortunately, the 
restriction could be removed at any time at the 
stroke of a pen, and this is a goal of the “ruralist” 
voting block in the National Congress.

Brazil’s deforestation has long been subject 
to highs and lows, usually as a result of major 

economic cycles (Fearnside, 2005). The 
deforestation rate declined from 1988 (the first 
year of annual monitoring) to 1991 as a result of 
economic recession. The rate then rose as the 
economy recovered and jumped to an all-time 
high in 1995. This peak was due to the “Real Plan” 
package of economic measures implemented in 
June 1994, ending hyperinflation and releasing 
large amounts of money that had been held 
in short-term money-market investments. 
Deforestation then plunged until 1997 as the 
price of land fell by half (also a result of the Real 
Plan), ending the generalized land speculation 
that had previously been so profitable. This 
greatly reduced clearing to defend land claims. 
Deforestation then climbed to a peak in 2004 
as exports rose, becoming more profitable with 
weakening of the Brazilian real. After 2004 the 
downturn mentioned earlier began: the exchange 
rate declined from nearly R$4/US$ to a low of 
R$1.5/US$. This made exporting soybeans and 
other commodities much less profitable, since 
expenses are in reais and the returns are in dollars. 
In addition, the international price of soybeans 
(in dollars) declined steadily over the 2004-2008 
period, with the exception of a brief rise at the 
end of 2007. Beef prices in Brazil (corrected for 
inflation) followed the same pattern.

After July 2014 a sharp upturn in deforestation 
became apparent (Brazil, INPE, 2015b; Fearnside, 
2015; IMAZON, 2015). Among the contributing 
factors may be anticipation of Brazil’s October 
2014 elections: such upturns prior to elections 

Figure 1: Deforestation for soybean production Figure 2: Amazon rainforest in Manaus
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are a common pattern as a result of sudden 
releases of government funds, relaxation of 
enforcement of environmental restrictions, and 
expectation of “amnesties” for past violations 
(see Fearnside, 2003). 

Despite the lower rates of clearing in recent 
years, the underlying forces driving deforestation 
continue to grow, including ever more roads, 
investment and population. The growing political 
power of agribusiness and ranching interests 
has weakened deforestation restrictions such 
as Brazil’s “forest code”, environmental impact 
requirements for infrastructure projects, and the 
system of protected areas (e.g., Fearnside, 2008a; 
Fearnside & Figueiredo, 2015). The Brazilian 
real is currently in free-fall with no end in sight, 
making soy and beef exports far more profitable 
than they were when the deforestation decline 
took place. Creation of new protected areas is 
essentially halted (Alencastro, 2014), existing 
reserves continue to be degazetted (Bernard et 
al., 2014), government expenditures on enforcing 
environmental laws have been drastically cut 
(Leite, 2015), political appointments signal 
deforesters that environmental protection will 
have low priority (Tollefson, 2015), and plans 
for Amazonian roads continue as fast as funds 
permits (Brazil, MoP, 2015). Nevertheless, there 
is some good news in improved monitoring 
capabilities and governance arrangements (both 
governmental and through corporate actors) 
(e.g., Nepstad et al., 2014, Gibbs et al., 2015a,b).

All Amazonian countries are the scenes of 
deforestation and environmental destruction 
by mining, hydroelectric dams, oil exploitation, 
logging and other activities. All have top-

level governmental support for development 
projects in Amazonia with serious consequences 
for the forest. Because they open access to 
land with multiple potential uses, decisions 
on infrastructure do not represent one-time 
subtractions from the forest, but rather set in 
motion processes that continue to remove and 
degrade forest for many decades in the future 
(Fearnside & Laurance, 2012). 

Environmental services

It is the richness of Amazonia’s environmental 
services in maintaining climate and biodiversity 
that  offers the hope of changing these priorities 
(Fearnside, 1997, 2008b). Various controversies 
surround the politics of how to account for 
and pay for these services (Fearnside, 2012a,b). 
Unfortunately, there is not much time to resolve 
these issues due both to the rapid pace of 
forest loss and degradation and  to the rapid 
pace of climate change. A lasting solution to 
deforestation requires that region’s economy 
be based on maintaining the forest rather than 
destroying it.

Acknowledgments

The author’s research is supported by the 
National Council for Scientific and Technological 
Development (CNPq: Proc. 304020/2010-9; 
573810/2008-7), the Foundation for Support of 
Research in Amazonas (FAPEAM: Proc. 708565) 
and the National Institute for Research in Amazonia 
(INPA: PRJ15.125). A briefer French-language 
version of this text will be published by Ateliers 
Henry Dougier in a book edited by G. Fourmont.

Figure 3: Amazon rainforest (Aerial view) Figure 4: Land preparation for soybean production

Fe
at

ur
e 

- A
rt

ic
le



G
LP

N
EW

S 
 | 

 N
O

V
EM

B
ER

 2
01

5

25

Fe
at

ur
e 

- A
rt

ic
le

References

Alencastro, C. (2014). Dilma não criou nenhuma nova unidade de conservação na Amazônia. O Globo. 4 August 2014 http://
oglobo.globo.com/brasil/dilma-nao-criou-nenhuma-nova-unidade-de-conservacao-na-amazonia-13479261

Arraut, J.M., Nobre, C.A., Barbosa, H.M., Obregon; G., Marengo, J.A. (2012). Aerial rivers and lakes: Looking at large-scale 
moisture transport and its relation to Amazonia and to subtropical rainfall in South America. Journal of Climate 25: 543-556. 
doi: 10.1175/2011JCLI4189.1

Assunção, J., Gandour, C.C., Rocha, R. (2012). Deforestation Slowdown in the Legal Amazon: Prices or Policies? Climate 
Policy Initiative (CPI) Working Paper, Pontífica Universidade Católica (PUC), Rio de Janeiro, RJ, Brazil. 37 pp., Available at: 
http://climatepolicyinitiative.org/publication/deforestation-slowdown-in-the-legal-amazon-prices-or-policie/

Bernard, E., Penna, L.A.O., Araújo, E. (2014). Downgrading, downsizing, degazettement, and reclassification of protected 
areas in Brazil. Conservation Biology 28: 939–950. doi: 10.1111/cobi.12298.

Brazil, INPE (Instituto Nacional de Pesquisas Espaciais). (2015a). Projeto PRODES: Monitoramento da Floresta Amazônica 
Brasileira por Satélite. INPE, São José dos Campos, São Paulo, Brazil. Available at: http://www.obt.inpe.br/prodes/

Brazil, INPE (Instituto Nacional de Pesquisas Espaciais). (2015b). Avaliação DETER 2015. INPE, São José dos Campos, São 
Paulo, Brazil. Available at: http://www.obt.inpe.br/deter/nuvens.php; http://www.obt.inpe.br/deter/avaliacao/2015/

Brazil, MoP (Ministério de Planejamento). (2015). Obras do PAC continuarão e programas de infraestrutura terão nova fase, 
garante Dilma. PAC Notícias, 10 March 2015. http://www.pac.gov.br/noticia/41db407a

da Silva, J.M.C., Rylands, A.B., da Fonseca, G.A.B. (2005). The fate of the Amazonian areas of endemism. Conservation 
Biology 19: 689–694. doi: 10.1111/j.1523-739.2005.00705.x

Fearnside, P.M. (1997). Environmental services as a strategy for sustainable development in rural Amazonia. Ecological 
Economics 20(1): 53-70. doi: 10.1016/S0921-8009(96)00066-3

Fearnside, P.M. (2003). Deforestation control in Mato Grosso: A new model for slowing the loss of Brazil’s Amazon forest. 
Ambio 32: 343-345.

Fearnside, P.M. (2004). A água de São Paulo e a floresta amazônica. Ciência Hoje 34(203): 63-65.

Fearnside, P.M. (2005). Deforestation in Brazilian Amazonia: History, Rates and Consequences. Conservation Biology 19(3): 
680-688. doi: 10.1111/j.1523-1739.2005.00697.x

Fearnside, P.M. (2008a). The roles and movements of actors in the deforestation of Brazilian Amazonia. Ecology and Society 
13 (1): 23. http://www.ecologyandsociety.org/vol13/iss1/art23/

Fearnside, P.M. (2008b). Amazon forest maintenance as a source of environmental services. Anais da Academia Brasileira de 
Ciências 80(1): 101-114. doi: 10.1590/S0001-37652008000100006

Fearnside, P.M. (2012a). Brazil’s Amazon Forest in mitigating global warming: Unresolved controversies. Climate Policy 
12(1): 70-81. doi: 10.1080/14693062.2011.581571

Fearnside, P.M. (2012b). The theoretical battlefield: Accounting for the climate benefits of maintaining Brazil’s Amazon 
forest. Carbon Management 3(2): 145-148. doi: 10.4155/CMT.12.9  

Fearnside, P.M. (2015). Deforestation soars in the Amazon. Nature 521: 423. doi: 10.1038/521423b

Fearnside, P.M., Figueiredo, A.M.R. (2015). China’s influence on deforestation in Brazilian Amazonia: A growing force in 
the state of Mato Grosso. BU Global Economic Governance Initiative Discussion Papers 2015-3, Boston University, Boston, 
Massachusetts, USA. http://www.bu.edu/pardeeschool/files/2014/12/Brazil1.pdf

Fearnside, P.M., Laurance, W.F. (2012). Infraestrutura na Amazônia: As lições dos planos plurianuais. Caderno CRH 25(64): 
87-98. doi: 10.1590/S0103-49792012000100007

Gibbs, H.K., Munger, J., L’Roe, J., Barreto, P., Pereira, R., Christie, M., Amaral, T., Walker, N.F. (2015b). Did ranchers and 
slaughterhouses respond to zero-deforestation agreements in the Brazilian Amazon? Conservation Letters. doi: 10.1111/
conl.12175

Gibbs, H.K., Rausch, L., Munge, J., Schelly, I., Morton, D.C., Noojipady, P., Soares- Filho, B., Barreto, P., Micol, L., Walker, N.F. 
(2015a). Brazil’s soy moratorium. Science 347: 377-378. doi: 10.1126/science.aaa0181

IMAZON. (2015). Boletim do desmatamento da Amazônia Legal (fevereiro de 2015) SAD. Instituto do Homem e Meio 
Ambiente na Amazônia (IMAZON). http://imazon.org.br/publicacoes/boletim-do-desmatamento-da-amazonia-legal-
fevereiro-de-2015-sad/

Kress, W.J., Heyer, W.R., Acevedo, P., Coddington, J., Cole, D., Erwin, T.L., Meggers, B.J., Pogue, H.M., Thorington, R.W., Vari, 
R.P., Weitzman, M.J., Weitzman, S.H. (1998). Amazonian biodiversity: Assessing conservation priorities with taxonomic data. 
Biodiversity and Conservation 7: 1577-1587.

Leite, M. (2015). Dilma corta 72% da verba contra desmatamento na Amazônia. Folha de São Paulo, 31 March 2015. http://
www1.folha.uol.com.br/ambiente/2015/03/1610479-dilma-corta-72-da-verba-contra-desmatamento-na-amazonia.shtml 

Nepstad, D.C., McGrath, D., Stickler, C., Alencar, A., Azevedo, A., Swette, B., Bezerra, T., DiGiano, M., Shimada, J., Seroa da 
Motta, R., Armijo, E., Castello, L., Brando, P., Hansen, M.C., McGrath-Horn, M., Carvalho, O., Hess, L. (2014). Slowing Amazon 
deforestation through public policy and interventions in beef and soy supply chains. Science 344: 1118-1123. doi: 10.1126/
science.1248525

Nogueira, E.M., Yanai, A.M., Fonseca, F.O.R., Fearnside, P.M. (2015). Carbon stock loss from deforestation through 2013 in 
Brazilian Amazonia. Global Change Biology 21: 1271–1292. doi: 10.1111/gcb.12798

Tollefson, J. (2015). Political appointments spur concerns for Amazon. Nature 517: 251-252. 


