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New Scientist, 8 February 2003

“So if the forest is going to die anyway, does this 
mean it’s a waste of time trying to protect it…?
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NO!
Even if there is a trend towards a drying Amazonian climate which is 
physically understood, there are a range of levels of drying (from 
mild to extreme)

Pristine, diverse forest may be reasonably robust to mild or 
intermediate drying

deep roots, range of abilities to tolerate drought, 
some ability to recover after fire…

BUT fragmented forest may be less resilient to a 
drying climate

Higher fire frequency near forest edges

Therefore, maintaining large areas of pristine forest may help to 
reduce vulnerability to a potentially drying climate

As well as being an adaptation tool (allowing migration), reducing 
forest fragmentation is also a climate change mitigation tool 
(reducing the magnitude of feedbacks on global climate….)
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If it does happen – what are the 
potential feedbacks….?
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Precipitation changes 
relative to 2000 (mm day-1)

2020

2050

2080

Simulated precipitation 
changes relative to 2000 
(mm day-1)

Global average precipitation 
(rainfall + snowfall) increases 
with global warming

Differing rates of local 
warming cause changes in 
atmospheric circulation

Amazonian rainfall declines 
due to responses to sea 
surface temperature changes 
in Atlantic and Pacific

Background: initial change 
driven by climate change 
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Simulated vegetation 
change 2000 to 2100

Change in 
fractional cover of 
woody plant 
functional types

NB. No direct 
anthropogenic 
deforestation: 
“natural”
responses only
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How do changes in the landscape feed back on 
regional and global climate change?

Changes in land surface characteristics
Albedo (proportion of solar radation reflected back to space)
Moisture availability (root depth, canopy water holding capacity) 
Aerodynamic roughness 
Affect energy balance and water recycling

Examine effects with 2 simulations:

Simulation 1: Vegetation fixed at present-day state
Simulation 2: Vegetation responds to climate change and then 
changes physical land surface characteristics which affect climate
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Difference in precipitation 
between simulations with and 
without forest responses to 
climate change

(mm day-1, 30-year means)

Changes in landscape 
properties only: no carbon 
cycle feedbacks in these 2 
simulations - concentrations 
increase along the same 
trajectory in both

Amazon drying enhanced by 
dieback.  Other changes seen 
elsewhere

Landscape feedbacks 
on precipitation
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Impacts of Amazon forest removal on global 
atmospheric circulation

150hpa circulation response to Amazon deforestation: 
Streamfunction deviation from zonal mean 

Contour interval 5×105 m2s-1

Gedney & Valdes 2000
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Effects of climate-carbon cycle feedbacks on 
atmospheric CO2 rise
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with CO2-climate feedbacks
without CO2-climate feedbacks
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Effects of climate-carbon cycle feedbacks 
on land temperature rise

Cox et al, 2000
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Carbon cycle feedbacks: what is the contribution 
of Amazon die-back?

Amazon die-back leads to loss of carbon to 
atmosphere

But vegetation also responds to climate change and 
CO2 rise elsewhere in the world 

Soil carbon fluxes also respond to CO2 and climate 
change

Input of carbon to soil via litter fall depends on 
vegetation change

Soil respiration increases exponentially with 
temperature in this model (based on experimental 
evidence)

How important is carbon release from Amazonia in 
comparison with these other changes?
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Change in carbon content (kg C per square metre)

Simulated vegetation carbon change 1860 to 2100
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Change in carbon content (kg C per square metre)

Simulated soil carbon change 1860 to 2100
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Climate 
change 
causes 
Amazon 
forest to  
release 
130 
gigatonnes
of carbon 
relative to 
uptake 
due to 
CO2 rise 
alone 

Changes due to CO2 rise and climate change (drying Amazonia)

Changes due to CO2 rise with no climate change

Changes in vegetation carbon due to CO2 rise 
and climate change
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Changes in soil carbon due to CO2 rise and 
climate change

Changes due to CO2 rise and climate change 

Changes due to CO2 rise with no climate change

Climate 
change 
causes 
global 
soils to  
release 
550 
gigatonnes
of carbon 
relative to 
uptake 
due to 
CO2 rise 
alone 

Total carbon deficit: 710 GtC

Amazon die-back contribution: 20%
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How do carbon cycle feedbacks affect global patterns 
of precipitation change?

Compare 2 climate model simulations

Simulation 1: CO2 concentrations rise along standard IPCC 
“business-as-usual” trajectory.  Vegetation responds to 
climate change but does not feed back on carbon cycle

Simulation 2: fully interactive climate-carbon cycle 
simulation.  Vegetation and soils respond to climate change 
(and CO2 rise) and feed back on CO2 rise and climate
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Difference in precipitation 
between simulations with and 
without global carbon cycle 
feedbacks

mm day-1

30-year means

Changes in landscape 
properties also included

Drying of Amazonia enhanced 
by the accelerated CO2 rise 
and accelerated global 
warming

Other changes also enhanced

Carbon cycle feedbacks 
(veg + soil) on precipitation
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Further changes in tree 
cover with CO2-climate 
feedbacks

(Fractions of gridbox)

Die-back of Amazon 
forest is further 
enhanced by the 
accelerated global 
warming

Carbon cycle feedbacks 
on die-back
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Amazon forest die-back feedbacks (so far….)

CO2

Radiative forcing 

SST changes

Amazon precip

Soil moisture 

NPP 

Emissions

Net C uptake Forest cover 

Stomatal opening 

EvapotranspirationAtmospheric 
circulation

Other T* 



11

Page 21

Feedback from Amazon die-back (and other vegetation 
change) on surface ozone

Sanderson et al., 2003

Climate change leads to increased 
isoprene emissions and therefore 
increased ozone, but vegetation 
change (especially Amazon 
dieback) suppresses this increase.  

1990 emissions and vegetation 2090 emissions, 1990 vegetation

2090 emissions and vegetation July surface ozone concentrations 
(parts per billion)
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Impact of climate 
change-induced 
vegetation change on 
bare soil fraction

2000

2100

Woodward et al., 2005

Fraction of land simulated as bare soil

Feedbacks on dust 
in atmosphere
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Atmospheric Dust Load (kg/m2)

Woodward et al., 2005

Climate-driven 
Amazon forest 
dieback could lead 
to massive dust 
production

2000

2100

Impact of climate 
change-induced 
vegetation change 
on dust production

Feedbacks on dust 
in atmosphere
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Woodward et al., 2005

Top-of-atmosphere radiative forcing (Wm-2) due to dust

2000

2100

Feedbacks on dust 
in atmosphere

Impact of changes in 
dust production on 
radiative forcing 
(perturbation to 
Earth’s energy 
balance)
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Conclusions

Amazon die-back simulated by the Hadley Centre climate model 
is a complex process involving a number of interacting feedbacks

Landscape feedbacks enhance local drying by reducing water 
recycling, and may also affect climate change elsewhere through 
changes in atmospheric circulation

Amazon die-back contributed approximately 20% of global carbon 
cycle feedback, which accelerates global climate change and 
magnifies regional climate changes

Climate change increases surface ozone through increased 
isoprene emissions from vegetation, but Amazon die-back 
lessens this increase

The simulated forest die-back causes Amazonia to become a 
significant new source of atmospheric dust, with complex effects
on Earth radiation budget

Fragmented forests are less resilient to a drying climate, so 
protection of the forests may be a climate change mitigation tool 
because the magnitude of feedbacks could be reduced


