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ATMOSPHERIC CHEMISTRY

Breathing easier in the Amazon
Fires related to Amazonian deforestation are a large source of particulate matter emissions. Satellite 
measurements and models reveal that reductions in deforestation and fire emissions since 2001 have prevented 
hundreds of premature deaths each year.

Christine Wiedinmyer

Deforestation across Brazil is widely 
recognized as destructive to unique 
tropical ecosystems. Over recent 

decades, regulations and political action 
have reduced the amount of forest removal. 
These efforts have slowed deforestation 
across Brazil, reducing the destruction 
of essential landscapes and the release of 
carbon to the atmosphere. The results from 
the policy changes have not only benefitted 
these ecosystems, but also public health. 
Writing in Nature Geoscience, Reddington 
and colleagues1 report that reductions 
in Brazilian deforestation fires over the 
past decade have prevented hundreds 
of premature deaths annually through 
reductions in smoke emitted and improved 
air quality.

The Brazilian Amazon is the largest 
tropical ecosystem in the world. In addition 
to hosting highly diverse communities of 
plants and animals, the Amazon forest 
influences regional and global climate, and 
comprises over 100 Gt of carbon2. Starting in 
the late 1980s, agricultural intensification led 
to rapid deforestation across Brazil, largely 
due to the expansion of soybean production 
and cattle ranching3. The primary 
mechanisms of deforestation in Brazil are 
selected logging and open fire, also referred 
to as biomass burning (Fig. 1). Biomass 
burning has long occurred naturally 
during the dry season in the Amazon, with 
drier years contributing to more burning. 
But in Brazil, the smoke from seasonal 
biomass burning can be dominated by fires 
associated with deforestation4.

Smoke emitted from the open fires affects 
ecosystems5 and climate6; it also degrades 
air quality, by increasing the ambient 
concentrations of air pollutants such as 
particulate matter. Elevated atmospheric 
concentrations of fine particulate matter 
smaller than 2.5 μm in diameter are 
associated with increased risk of illness and 
mortality7, and have become the ninth most 
important contributor to the global burden 
of disease8. Biomass burning increases this 
risk: particulate matter emissions from both 
natural and anthropogenic fires lead to more 
than 330,000 deaths each year globally9.

Over the past decade, Brazilian policies 
have led to substantial reductions in 
deforestation in the Brazilian Amazon. 
Reddington and colleagues1 have taken a 
multipronged approach to evaluate whether 
these reductions have improved public 
health outcomes. First, they used long-
term satellite observations across South 
America to show that particulate matter 
concentrations in the atmosphere declined 
in tandem with reduced deforestation. The 
researchers combined these measurements 

with a chemical transport model and a 
model of particulate emissions from fires, 
and found that the air quality improvements 
were due to the reduction in deforestation 
fires. Finally, based on epidemiological 
dose–response relationships, they 
estimate that the reduced particulate 
matter concentrations from changes in 
deforestation activities have resulted in 
roughly 400 to 1,700 fewer premature deaths 
each year.

This work shows that the reduction of 
deforestation across Brazil not only protects 
ecosystems essential for the Earth system, 
but also benefits the health of people in 
the region. Although many studies have 
shown that fire activity across South 
America has large influences on particulate 
concentrations, this study extends our 
understanding to the health impacts from 
the increased particulate loading from 
regional biomass burning, specifically the 
controllable emissions from deforestation 
fires. Of course, drought can also impact 
fire activity across the region. During these 
years, natural fires occur with much greater 
frequency and drown out the atmospheric 
signal from deforestation fires  To counter 
this effect, Reddington and colleagues 
removed drought years from their analysis.

Study of deforestation rates, air 
quality and health highlights the fact that 
social and political changes can impact 
public health. Social and policy changes 
targeting other problems can have positive 
consequences on public health. However, 
connecting societal and health impacts 
to political and environmental actions 
continues to be a challenge. Further 
research is needed to better understand 
the health impacts from particulate 
matter — for example, the dose–response 
relationships developed to predict health 
outcomes that result from exposure 
to atmospheric particles are limited in 
number and may not be representative of 
populations in all regions of the world. 
Current analyses typically assume that 
all particulate matter has equal toxicity, 
although there is evidence that some 
chemical components of particulate matter 

Figure 1 | Children alongside slash and burn 
cultivation in Boa Vista, Brazil. Forest clearing 
in the Amazon is typically conducted using 
fire, which emits particulate matter to the 
atmosphere. National and local policies have 
led to reduced deforestation in Brazil over the 
last decade. Reddington and colleagues1 used 
satellite measurements along with atmospheric 
and epidemiological models to show that these 
reductions result in fewer fire emissions and 
roughly 400–1,700 fewer premature deaths from 
particulate matter pollution each year.
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may be more potent than others. A recent 
study showed that assuming a higher 
toxicity for carbonaceous particles, such 
as those emitted during biomass burning, 
leads to higher estimates of health impacts 
and premature mortality10.

There are still challenges for quantifying 
all the downstream effects of land 
management, social actions, and the 
regulatory controls that protect ecosystems, 
but this research demonstrates that there 
are multiple positive benefits to reducing 
deforestation. Reddington and colleagues 

eloquently illustrate how reducing 
deforestation fires across Brazil directly 
produces co-benefits for human health. 
Although the frequency of fires in Brazil 
is also impacted by climatic conditions, 
changes in human activities within the 
region can have important positive effects on 
both ecosystem and human health. ❐
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LAND-USE CHANGE

Deforestation by land grabbers
Leases of land concessions in Cambodia have accelerated in the last ten years. An analysis using high-resolution 
maps and official documents shows that deforestation rates in the land concessions are higher than in other areas.

Tom Rudel 

Over the last ten to fifteen years, large-
scale land acquisitions — called land 
grabs by many — have been linked 

to elevated rates of tropical deforestation in 
Southeast Asia1,2. However, there is much to 
be understood about actual processes of land 
clearing and exactly how much more land 
is being deforested in these tracts of land 
isn’t clear. Davis and colleagues3, writing 
in Nature Geoscience, show that investors 
were more likely to deforest their newly 
acquired lands than were other landholders 
in Cambodia.

In Cambodia, economic land concessions 
totalling over two million hectares have 
been granted to domestic and foreign 
investors. These and other land acquisitions 
in Southeast Asia have been controversial: 
they are intended to foster economic 
development, but have also been criticized 
for benefitting investors more than local 
communities. Critics have argued that these 
land acquisitions deprive local people of 
access to natural resources and degrade 
the local environment. This environmental 
degradation often occurs through more 
rapid rates of deforestation, when land 
is converted for oil palm plantations, 
for example.

Davis et al.3 used official records of 
economic land concessions in Cambodia 
and high-resolution remotely sensed 
maps of forest cover to evaluate rates of 
deforestation in concessions from 2000 to 
2012. They then compared deforestation 
in concession sites to comparable non-
concession land holdings, using a covariate 

matching approach that accounted for 
other possible drivers of deforestation. The 
analysis demonstrated that deforestation 
rates in concessions were up to twice as 
high as in other landholdings by 2012. 

Interestingly, deforestation rates in 
concessions were the same whether they 
were held by domestic or foreign owners.

In light of the increased deforestation 
in land concessions and international 
efforts to reduce greenhouse gas emissions 
from deforestation, it may be important 
to consider policy options that create 
incentives to reduce deforestation. During 
the past decade a great deal of research 
has focused the United Nations-backed 
Reduce Emissions from Deforestation and 
Degradation (REDD) program. REDD uses 
payments for the environmental services 
provided by forests as an economic incentive 
to prevent deforestation. Unfortunately, 
political and economic conditions crucial 
for REDD’s success have not been in place. 
Ultimately, an approach using payments 
for ecosystem services will only make 
progress when there are effective policies 
for land ownership and sufficiently high 
prices for environmental services to deter 
land clearing.4 

In contrast, two other types of 
political initiatives have shown some 
promise in curbing land acquisitions and 
associated deforestation. The first focuses 
on building groups known as defensive 
environmentalist coalitions, which emerge 
when people organize to defend natural 
resources close to their homes5. The second 
involves government-imposed economic 
penalties on landholders who violate laws 
restricting deforestation.

Defensive environmentalist coalitions 
are found across a wide range of situations 

Figure 1 | A cattle pasture in the Ecuadorian 
Amazon. Davis and colleagues1 used high-
resolution maps and official records of economic 
land in Cambodia to show that deforestation rates 
are higher in land concessions than in comparable 
forested areas. Denying credit to landholders who 
convert forest to pasture in Amazonian landscapes 
such as the one pictured here has reduced 
deforestation rates in Brazil. A similar approach 
could be used in other regions.
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