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Some consequences of the 2005 drought
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Potential causes of the 2005 Amazonian drought
Warming up of the tropical north Atlantic Ocean Atlantic Multidecadal 

Oscilation (AMO) (Marengo et al. 2007)

Causes of the 2005 Amazonian drought
Reduction of Trade Winds from the north Northwards displacement of 

the ITCZ Rainfall decrease over Amazonia (Marengo et al. 2007)
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Main objectives 

1. Characterize the spatial and temporal extent of the 2005 drought and 
its forest canopy impacts (fires).

2. Evaluate the impact of the drought on stand-level ecological and 
physiological indicators (biomass, growth, mortality, composition, leaf
nutrients) and place it in context of long-term patterns to assess 
significance for regional carbon budgets.  

3. Investigate drought response and ecosystem processes (tree growth, 
litter-fall, soil respiration, leaf area index, root turnover).

Orbital radar data (TRMM)
NOAA-12 (Fires)

Long-term plots (RAINFOR)

TRMM

Rainfall anomalies derived from TRMM
(values are departure from 1998-2005 mean normalized by the standard deviation)

σ

1.1. The 2005 drought was less intense than the 1997/1998 El The 2005 drought was less intense than the 1997/1998 El niniññoo--driven driven 
drought drought 
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Basin-wide annual rainfall and dry season length 
(DSL = number of months P≤100 mm)

2.2. No overall reduction of annual rainfall or increase of DSL in reNo overall reduction of annual rainfall or increase of DSL in relation lation 
to the longto the long--term meanterm mean

   Rainfall (mm)   DSL (months) 
  Mean SD   Mean SD 

1998-2005 2,200 518   3.6 1.9 
1997 1,975 519   4.6 2.0 
1998 1,905 566   4.1 2.4 
2005 2,256 691   3.7 2.3 

 Aragão et al. (2007)

Extent and duration of recent Amazonian droughts

3.3. Redistribution of rainfall with an intensification of the droughRedistribution of rainfall with an intensification of the drought during t during 
the dry season in most of the basin.the dry season in most of the basin.
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Where are the most impacted forest areas in the 
Amazon basin?

Some areas have a such high background rainfall rate that the reduction in rainfall does not affect 
vegetation

(The maximum water deficit is a indicator of forest water stress)

E = 100 mm month-1P < 100 mm month-1 Cumulative Water Deficit

Maximum Cumulative Water Deficit

Basin-wide water deficit caused by the recent 
Amazonian droughts

WDyear – WDmean

=

WDdifference

Aragão et al. (2007)
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Where are the most impacted regions and what are the potential
impacts of the 2005 drought in Amazonia? 

4.4. Western Amazon was the most impacted region by the 2005 drought Western Amazon was the most impacted region by the 2005 drought 
in terms of water deficit.in terms of water deficit.

5.5. Potential shortPotential short--term effect on the term effect on the phenologyphenology, structure and dynamics , structure and dynamics 
and longand long--term impact on species composition and diversity with the term impact on species composition and diversity with the 
enhanced frequency of extreme droughts?enhanced frequency of extreme droughts?

In addition to these impacts, areas and forest edges under the In addition to these impacts, areas and forest edges under the 
influence of human activity are subject to intense fire pressureinfluence of human activity are subject to intense fire pressure..

Fire anomalies during the 2005 Amazonian drought

6.6. 2005 saw an increase of fire frequency in the drought2005 saw an increase of fire frequency in the drought--affected region, affected region, 
as long as there were human settlements to act as ignition sourcas long as there were human settlements to act as ignition sources. es. 
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What was the cause of positive fire anomalies during 
2005 in Amazonia?

Deforestation         or         Drought?

Synergism between rainfall and deforestation on fire 
seasonality in Amazonia 

Aragão et al. - in preparation

The peak of deforestation occurs 3.2 The peak of deforestation occurs 3.2 
months before the peak of dry season, months before the peak of dry season, 
which coincides with fire peak.which coincides with fire peak.
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Fire events follow seasonal cycle of rainfall and 
deforestation in Amazonia 

SLASH BURN

Aragão et al. - in preparation

Due to the significant reduction of deforestation in 
2005 the drought had a major contribution for the 

positive fire anomalies observed 

7.7. During the 2005 drought the total number of hotspots increased During the 2005 drought the total number of hotspots increased 33%33%, , 
while, deforestation decreased while, deforestation decreased 13%13% in relation the 1999in relation the 1999--2005 mean.2005 mean.
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The relationship between fire (hot pixels) and deforestation at The relationship between fire (hot pixels) and deforestation at the the 
annual scale reinforces the idea of droughtannual scale reinforces the idea of drought--induced firesinduced fires

Decreased deforestation
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Forest fires in eastern Acre State (Brazil) during the 
2005 Amazonian drought

Maximum Water deficts >200 mm and fire anomalies >1.5 σ in 2005 

8.8. The total area of burnt forest in 2005 (The total area of burnt forest in 2005 (ShimabukuroShimabukuro et al., 2006) was et al., 2006) was 
five timesfive times greatergreater than the deforested area. than the deforested area. 

9.9. Fire counts within forest edges increased by Fire counts within forest edges increased by 280%280% from 2004 (286 from 2004 (286 
counts) to 2005 (1086 counts). On the other hand, deforestation counts) to 2005 (1086 counts). On the other hand, deforestation 
within this region decreased within this region decreased 16%16% from 2005 to 2004. from 2005 to 2004. 
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Conclusions
Both droughts had distinct fingerprints. 
The 2005 drought was characterized by its intensification throughout 
the dry season in south western Amazonia. 
During 2005 the annual cumulative number of fires in Amazonia 
increased notably in relation to the 1999-2005 mean being associated 
to the extreme 2005 drought event.
In the event of increased drought frequency, the leakage of fires to 
forested areas, is likely to be the major agent of forest alteration, 
rather than changes in forest ecology and physiology. 
If tropical North Atlantic warming becomes the dominant mode 
under 21st century climate change, south-western Amazonia may be a 
region particularly vulnerable to forest dieback. This situation would 
be mostly exacerbated by the expansion of fire ignition sources, such 
as the planned Brazil-Peru connecting highway in SW Amazonia 
[Soares-Filho et al., 2006].


