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Why is this important?

A devastating drought across much of the Amazon region 

in late 2010 follows only 5 years after a drought which had 

previously been described as a “once-in-a-century” event 

(1, 2). More widespread and severe, the 2010 drought was 

accompanied by increased rates of fi re, and research shows 

it to have decreased vegetation productivity and likely 

increased tree mortality (3, 4). In addition, re-evaluation of 

data from the 2005 drought has called into question some 

earlier research which had suggested that the Amazon 

forests showed greater than expected resiliency during that 

drought event (5-9). The importance of the Amazon to the 

global carbon cycle makes understanding its response to 

drought essential to modeling of the planet’s future. 
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Figure 1: An aerial photo in central Amazonas State shows sand bars exposed by the record low water levels. 
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The Amazon is widely considered to be one of the world’s 

most important natural areas and a high priority for 

conservation. The Amazon forest is the largest intact tropical 

forest landscape on the planet (10). Its biodiversity includes 

more than 40 000 plant species, 427 mammals, 1 294 birds, 

378 reptiles, 427 amphibians and 3 000 fi sh species (11). 

Its enormous scale makes it one of the components in 

regional and global climate processes (12-15). Perhaps most 

important, is the Amazon Forest’s widely acknowledged 

(if not yet defi nitively quantifi ed) pivotal role in the global 

carbon cycle which makes its status a major factor in climate 

models (16-21). 

In spite of its global and regional importance, the cumulative 

area deforested in the Brazilian Amazon since the early 1970s 

is estimated to be roughly equal to the area of France (22). 

The rate of loss has slowed over the past 

several years (23), but losses continue as 

new highways, roads, logging projects, 

fi re leakage and settlement continue to 

fragment and degrade the forest (24). 

However, while limiting forest loss in 

the Amazon presents one of the best 

opportunities for decreasing anthropogenic 

carbon emissions (12, 25, 14) there is 

concern among some experts that a “tipping 

point” is already being approached that 

could lead to abrupt replacement of parts 

of the Amazon Rainforest with a more 

drought- and fi re-adapted, savanna-like 

ecosystem (26, 14, 4, 27, 15). These two 

unusual droughts and what scientists are 

learning about them will help advance 

understanding of the Amazon forest and 

its interactions with climate. Among the 

most pressing areas of research is study of 

the feedbacks among several processes 

including climate change, increased fi re and 

forest loss.

Two Droughts in Five Years

Analysis of the 2010 drought is ongoing; however, early 

results indicate that it was more widespread and severe than 

the 2005 drought (3, 4). The area of the Amazon with a rainfall 

defi cit in 2010 was more than 1.6 times the size of the area 

aff ected in 2005 (Figure 4, next page) (3, 4). Several points 

along the Amazon River dropped to their lowest levels in 109 

years of recordkeeping (Figure 1 and 2) (3). 

The 2005 and 2010 droughts both coincided with higher than 

normal tropical North Atlantic sea surface temperatures (SST) 

which have been linked to the 2005 Amazon drought and are 

suspected in the 2010 drought (2, 28, 4). The 2010 drought 

also coincided with a La Niña event—associated with cooler 

than normal sea surface temperatures in the equatorial 

Pacifi c (29). While La Niña events are generally associated 

Figure 2: Record low water levels during the 2010 drought exposed sand bars along the river banks in Central Amazonas State (pink 

areas in the 2010 satellite image).

Figure 3: A map of anomalies in the Normalized Diff erence Vegetation Index 

(NDVI) during the 2010 drought shows the extent of the drought’s impact. Red 

indicates areas that are 2 or more standard deviations below average dry season 

NDVI values.   Redrawn by UNEP-GRID Sioux Falls from Xu and others 2010.
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with wetter than normal weather over the northern parts of 

the Amazon Basin, including some areas impacted by the 

2010 drought, it has also been associated with drying over 

much of the southern half of the basin (30). It seems likely 

that the 2010 drought was infl uenced by both Pacifi c and 

Atlantic SSTs. Furthermore, both droughts are consistent with 

climate modeling that projects drying of the Amazon (31), 

although researchers concede that signifi cant uncertainty 

still remains in these linkages (32). 

To quantify the impact of the drought, Normalized Diff erence 

Vegetation Index (NDVI) and Enhanced Vegetation Index 

(EVI), two satellite metrics of vegetation’s photosynthetic 

activity, were compared for drought years and non-drought 

years (Figure 3, previous page) (3). The comparison showed 

lowered “greenness” across four times as much area in 2010 

compared to the 2005 drought, suggesting that the 2010 

drought had a more widespread and damaging impact on 

the forest (3). The research showed these declines in more 

than half of the drought-stricken area and found that, unlike 

2005, the declines in “greenness” persisted beyond the end of 

the dry season (3). 

An analysis of the forest’s response to the 2005 drought 

estimated that the total loss of aboveground biomass 

translated to between 1.2 to 1.6 petagrams of carbon 

(7) (1 petagram = 1000 million tonnes). The research by 

Lewis and others (2011) extrapolated from that observed 

relationship between drought and biomass loss, to the 2010 

drought, and gives a “fi rst approximation” of carbon lost as 

2.2 petagrams from loss of biomass (4). The Lewis article 

suggests that continued drought events would turn the 

Amazon from a carbon sink to a carbon source. Similarly, the 

article by Xu and others states that, “Overall, the widespread 

loss of photosynthetic capacity of Amazonian vegetation due 

to the 2010 drought may represent a signifi cant perturbation 

to the global carbon cycle.”

Figure 4: Top left and top right:  Rainfall anomalies calculated from NASA’s Tropical Rainfall Measuring Mission (TRMM) data show 

the spatial extent of the  2005 and 2010 droughts.  Based on the size of the area that experienced negative rainfall anomalies, 

the 2010 drought was over 1.6 times larger  than the 2005 drought.  Bottom left and right:  Maximum climatological water defi cit 

(MCWD) is an alternative measure of drought intensity and has been shown to correlate with Amazon forest tree mortality.  Based 

on this relationship it is believed that the Amazon forest lost roughly 38 percent  more biomass from the 2010 drought than was 

lost to the 2005 drought. Graphic redrawn by UNEP/GRID Sioux Falls from Lewis and others 2011.
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Feedback Loops and Uncertainty 

Several feedback relationships linking climate, ecosystems 

and human activities have been identifi ed, and to a degree 

quantifi ed (33, 34, 26, 12, 35). The complexity of their 

interaction, however, makes predicting the future impact 

on changes in Amazonian forests status uncertain in both 

time and scale. Figure 5 schematically illustrates some 

of the many factors and relationships mentioned in the 

scientifi c literature. Because of this complexity it is not yet 

possible to state with certainty that recent droughts are the 

result of global climate change as modeled by many global 

circulation models. However, those models have correctly 

predicted both the increase in Pacifi c and Atlantic sea surface 

temperatures from anthropogenic CO
2
 emissions, as well as 

increased frequency of droughts in the Amazon region (4). 

Added to the complexity of the interaction of natural systems 

is the uncertainty of future human infl uence on these 

interactions (15). Road building, clearing for agriculture, 

settlement and logging are some human activities that 

directly aff ect the Amazon Forest ecosystem. These direct 

impacts on the forest are also drivers of several of the 

factors in the complex web of feedbacks within regional and 

global climate systems. One of the most obvious ways these 

activities enter the regional and global climate system is 

through increased incidence of fi re. 

While many factors play roles in deforestation in the Amazon, 

fi re, from deliberate burning and fi re leakage is one of the 

main proximal causes of forest loss (Figure 6). In addition, 

fi re frequency and severity have been linked to previous 

occurrence of fi re (35). In other words, areas that have burned 

once are more likely to burn in the future and experience 

more intense fi res when they do burn. In addition, forest 

fragmentation, which creates more forest edges, has been 

found to reduce fi re-return intervals to less than 20 years—

below the length of time needed to maintain rain-forest 

Figure 5: The complexity of the climate-ecosystem relationship is illustrated by this schematic representation of some of the many

established and theorized feedbacks found in the scientifi c literature. Graphic: UNEP/GRID Sioux Falls; Feedbacks (35, 2, 16, 35, 33, 

4, 7, 42)  
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Figure 6: Fires burned across Bolivia and Brazil throughout much of the drought. This MODIS image shows many active fi res on 16 

August 2010 along the Bolivia-Brazil border.

vegetation (36).The potential volatility of this feedback 

cycle suggests that burning in the Amazon would become 

increasingly common as these feedbacks accelerate—

potentially leading to a dieback of the rainforest, converting 

it to a more grassland or savanna-like ecosystem (14, 15). 

Major Findings and Implications

The 2010 drought, measured by water levels in the Amazon, 

is the most severe in the 109 years of available data (3). 

Its severity is corroborated by remote sensing measures 

of precipitation and vegetation response (3, 4). There is 

evidence that the 2005 and 2010 droughts and drought 

in general over the Amazon are linked to high SSTs for the 

Pacifi c and North Atlantic Oceans (4, 24, 2). SST warming 

in turn has been linked to warming climate by some 

research (37, 38), although this remains an area of debate 

(39). Warming climate is widely accepted as an outcome of 

increasing CO
2
 concentrations in the atmosphere. Drought 

in the Amazon, and the resulting increase in fi res and 

increased tree mortality, release large amounts of CO
2
 into 

the atmosphere creating a feedback between Amazon Forest 

loss and warming climate (15). Human activities such as 

conversion of forest for agriculture, logging, road building 

and settlement act as a catalyst in this system (15, 40).  

The major mechanisms of interaction between climate 

change, human activity and terrestrial ecosystems such 

as the Amazon are generally agreed upon among those 

studying the global climate system. Quantifying those 

interactions and modeling future outcomes for climate and 

the natural environment is an ongoing process. Nevertheless, 

emerging agreement on possible and probable outcomes 

is the best information available to inform policy actions. 

Among the most widely advocated of options is preserving 

the Amazon Forest, which can be justifi ed for several reasons 

beyond its infl uence on the global climate system. The 

opportunity and practicality of preserving the remaining 

forest decreases as the forest decreases, and the opportunity 

may quite quickly disappear or dramatically diminish if the 

theorized tipping points for global warming or deforestation 

are exceeded (26). 

One of the principles from the UN Rio Declaration on 

Environment and Development addresses the issue of 

balancing scientifi c uncertainty against taking action (41). 

“In order to protect the environment, the precautionary 

approach shall be widely applied by States according to their 

capabilities. Where there are threats of serious or irreversible 

damage, lack of full scientifi c certainty shall not be used as 

a reason for postponing cost-eff ective measures to prevent 

environmental degradation.”     

 – Rio Declaration on Environment and 

    Development, United Nations Conference on 

    Environment and Development, June 1992
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