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The 2005  Amazonia drought
From July-October 2005 Western and Southern parts of the 
Amazon basin suffered a severe drought.

A number of tributaries of the Amazon river became 
unnavigable, and the Brazilian government declared a state of 
emergency in October 2005.

The 2005  Amazonia drought
From July-October 2005 Western and Southern parts of the 
Amazon basin suffered a severe drought.

A number of tributaries of the Amazon river became 
unnavigable, and the Brazilian government declared a state of 
emergency in October 2005.

Central and Eastern Amazonia did not suffer reduced rainfall 
(unlike previous El Nino related droughts), but reduced inflow 
from the west still led to unusually low river levels on the Rio
Negro in October 2005.
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The 2005  Amazonia drought – why ?
Rainfall in Amazonia is sensitive to seasonal, interannual and 
decadal changes in tropical sea-surface temperatures (SSTs) –
see talk by Jose Marengo.

The warming of the tropical East Pacific during El Nino events 
suppresses wet-season rainfall, and El Nino-like climate change 
has been suggested as a mechanism for Amazon-drying… but 
there was no El Nino in 2005.

Variations in Amazonian rainfall are also linked to the North-
South gradient in Atlantic SSTs, especially during the “dry 
season” (July-October) in Western Amazonia – see talk by Phil 
Harris.

Observed Anomalies in SSTs 
for July-October 2005
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Predicted Amazon drying in the 
Hadley climate-carbon GCM

The Hadley Centre climate-carbon cycle GCM  (“HadCM3LC)”
couples together a variant of the HadCM3 model with models of the 
land and ocean carbon cycles (Cox et al., 2000).

Hadley Centre Coupled Climate-Carbon Cycle Model
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Predicted Amazon drying in the 
Hadley climate-carbon GCM

The Hadley Centre climate-carbon cycle GCM  (“HadCM3LC)”
couples together a variant of the HadCM3 model with models of the 
land and ocean carbon cycles (Cox et al., 2000).

Projections with this model show an acceleration of global warming 
by climate-land carbon feedbacks, and a climate-driven “dieback” of 
the Amazon rainforest (Cox et al., 2004).
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Changes in Climate and Land Carbon Storage (2100-1850)
from the Hadley Climate-Carbon Cycle Model

(Cox et al., 2004)

Prediction of Amazonian Forest Dieback 
due to Climate Change
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Predicted Amazon drying in the 
Hadley climate-carbon GCM

The Hadley Centre climate-carbon cycle GCM  (“HadCM3LC)”
couples together a variant of the HadCM3 model with models of the 
land and ocean carbon cycles (Cox et al., 2000).

Projections with this model show an acceleration of global warming 
by climate-land carbon feedbacks, and a climate-driven “dieback” of 
the Amazon rainforest (Cox et al., 2004).

HadCM3LC simulations including the effects of volcanic and 
anthropogenic aerosols, as well as greenhouse gases, suggest a 
delay in Amazon dieback (Jones et al., 2003).

Do these model results cast any light on the Amazon drought of 
2005 ?

Comparison of predicted drying with 
Amazon drought of 2005

Both GCM projections are able to simulate the observed relationship 
between the North-South gradient in Atlantic SSTs and West 
Amazonian rainfall from July to October.

In the model the relationship between the N-S Atlantic SST gradient 
and West Amazonian rainfall is maintained through the projected 
drying of the 21st century.
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Observed Anomalies in SSTs 
for July-October 2005

Observed and Modelled Relationships between 
N-S Atlantic SST Index and West Amazonian Rainfall 

(July-October)

X Observations 1901-2002

Model  1901-2002

Model 2003-2100
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Comparison of predicted drying with 
Amazon drought of 2005

Both GCM projections are able to simulate the observed relationship 
between the North-South gradient in Atlantic SSTs and West 
Amazonian rainfall from July to October.

In the model the relationship between the N-S SST Atlantic Gradient 
and West Amazonian rainfall is maintained through the projected 
drying of the 21st century.

The model projection without aerosols fails to reproduce the 
observed decadal variability in the N-S Atlantic SST index during the 
20th century, and suggests Amazon drying should have begun 
already.

The model projection including aerosols reproduces the decadal 
variability in the N-S Atlantic SST index during the 20th

century….surprisingly well.

Observed and Modelled Decadal Variability in the 
N-S Atlantic SST Index and West Amazonian Rainfall 

(July-October)

Observations
Model - GHG only
Model – GHG, Aerosols

O3, solar

2005 Anomaly
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Implications
The severe drying of Amazonia in the Hadley Centre climate-carbon GCM 
is in part due to the development of an “El Nino-like” Pacific SST pattern 
under climate change (which suppresses “wet season” rainfall), and in 
part due to the development of a N-S gradient SST gradient across the 
tropical Atlantic which suppresses “dry season” rainfall (especially in 
Western Amazonia).

The HadCM3LC results indicate that the development of the N-S Atlantic 
SST gradient has been delayed by anthropogenic aerosols which were 
predominantly produced in the northern hemisphere during the 20th

century, and therefore preferentially cooled the northern hemisphere.

These model results therefore suggest the conditions which led to the 
2005 will become more common under conditions of increased 
greenhouse gases and reduced (sulphate) aerosol loading.

Increasing risk of occurrence of 2005-like 
SST anomaly according to the Hadley Centre 
climate-carbon cycle simulation with aerosols
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Implications
The severe drying of Amazonia in the Hadley Centre climate-carbon GCM 
is in part due to the development of an “El Nino-like” Pacific SST pattern 
under climate change (which suppresses “wet season” rainfall), and in 
part due to the development of a N-S gradient SST gradient across the 
tropical Atlantic which suppresses “dry season” rainfall (especially in 
Western Amazonia).

The HadCM3LC results indicate that the development of the N-S Atlantic 
SST gradient has been delayed by anthropogenic aerosols which were 
predominantly produced in the northern hemisphere during the 20th

century, and therefore preferentially cooled the northern hemisphere.

These model results therefore suggest the conditions which led to the 
2005 will become more common under conditions of increased 
greenhouse gases and reduced (sulphate) aerosol loading.

But… other GCMs predict different regional climate changes in Amazonia, 
so further work is required to assess the robustness of this result.

THE   END !
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Uncertainties !
GCMs still produce widely-differing projections of regional climate 
change.

Some (like the Hadley Centre model) are able to reproduce the 
observed relationship between the interannual variability in the N-S 
gradient across the tropical Atlantic and “dry season” rainfall in 
Western Amazonia.

There is as yet no model consensus on the sign of future Amazonian 
rainfall.

However, there is some suggestion that models which include 
aerosols predict a strengthening N-S gradient across the tropical 
Atlantic through the 21st century.

Predicted Changes in N-S Atl SST Index
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Correlation between JASO W. Amazonian 
Rainfall and SST in CMIP GCMs

Modelled Trend in SST through 21st Century
From CMIP GCMs
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Predicted Changes in Risk of 
2005-like Amazonian drought


