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CSIRO                                                Australiaôs Commonwealth Scientific and Industrial Research 
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FCP                                                     Forest Conservation Plan 
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GCM      General Circulation Model 

GHG     Greenhouse Gases 

GPCP     Global Precipitation Climatology Project 

GRDC     Global River Discharge Center  
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IPCC     Intergovernmental Panel on Climate Change 

ITCZ       Intertropical Convergence Zone  

JJA     June July August (Dry Season) 

JMA     Japan Meteorological Agency  

LPJmL                Lund-Potsdam-Jena managed Land Dynamic Global 

                                                            Vegetation and Water Balance Model 

MAM      March April May (Wet Season) 

MRI     Meteorological Research Institute  

NPP      Net Primary Production 

ORCHIDEE                                        Organizing Carbon and Hydrology In Dynamic Ecosystems 

PDF      Probability Density Function  
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PFT     Plant Functional Type 

PgC      Petagram Carbon 

RX5D Maximum 5-day precipitation total 

SACZ     South Atlantic Convergence Zone 

SON     September October November (Dry Season) 

SRES     Special Report on Emission Scenarios 

SST     Sea Surface Temperature 
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I. Introduction 

 

The Amazon basin is a key component of the global carbon cycle. The old-growth rainforests in 

the basin represent a storage of ~ 120 petagrams of carbon (Pg C, equal to 120 billion metric tons 

of carbon) in their biomass. Annually, these tropical forests process approximately 18 Pg C 

through respiration and photosynthesis. This is more than twice the rate of global anthropogenic 

fossil fuel emissions (Dirzo and Raven 2003). The basin is also the largest global repository of 

biodiversity and produces about 20% of the worldôs flow of fresh water into the oceans. Despite 

the large CO2 efflux from recent deforestation, the Amazon rainforest ecosystem is still 

considered to be a net carbon sink of 0.8ï1.1 Pg C per year because growth on average exceeds 

mortality (Phillips et al. 2008).  

 

However, current climate trends and human-induced deforestation may be transforming forest 

structure and behavior (Phillips et al. 2009). Increasing temperatures may accelerate respiration 

rates and thus carbon emissions from soils (Malhi and Grace 2000). High probabilities for 

modification in rainfall patterns (Malhi et al. 2008) and prolonged drought stress may lead to 

reductions in biomass density. Resulting changes in evapotranspiration and therefore convective 

precipitation could further accelerate drought conditions and destabilize the tropical ecosystem 

as a whole, causing a reduction in its biomass carrying capacity or dieback. In turn, changes in 

the structure of the Amazon and its associated water cycle would have implications for the many 

endemic species it contains and result in changes at a continental scale. Clearly, with much at 

stake, if climate-induced damage alters the state of the Amazon ecosystem, there is a need to 

better understand its risk, process and dynamics.  

 

1. OBJECTIVE 

The objective of this study is to assist in understanding the risk, process and dynamics of 

potential Amazon dieback and its implications.  The task is organized in five activities that 

address key aspects of the analysis (see Figure I.1): a) a modeling of future climate (end of 

century) over the basin, using a high-resolution model; b) an assessment of the impact of climate 

on rainfall over the region; c) an assessment of biomass response to rainfall anomalies and 

associated changes; d) an assessment of linkages between deforestation and potential for 

dieback; and e) on the basis of these assessments, a qualification of potential economic 

consequences is described.  

 

2. SCOPE 

Amazon dieback is defined as the process by which the Amazon basin loses biomass density as a 

consequence of climate impacts. Although there is no consensus definition on how to 

characterize forest dieback, for purposes of this analysis reductions in biomass carbon resulting 

from climate impacts, which would exceed 25% of the standing stock of carbon, are considered 

to be an indication of dieback.  

 

The analysis considers that climate-induced biomass response in the basin will result not only 

from changes in rainfall but also from other factors that are linked to climate changes, such as: a) 
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increased probabilities for prolonged drought stress which may lead to increased physiological 

stress for trees, increased tree mortality, and thus carbon emissions; b) increasing atmospheric 

CO2 concentrations, which may alter the drought response of forests; c) increasing temperatures 

which may accelerate heterotrophic respiration rates and thus carbon emissions; and d) resulting 

changes in evapo-transpiration and therefore convective precipitation could further accelerate 

drought conditions and destabilize the tropical ecosystem as a whole.  

 

The structure of the analysis is presented in Figure I.1. Results from the modeling of future 

climate in the Amazon basin, based on the high-resolution atmospheric general circulation model 

of the Meteorological Research Institute of the Japan Meteorological Agency, and using the 

Earth Simulator, are reported in Section II (Modeling future climate in the Amazon using the 

Earth Simulator) . It summarizes estimates of future climate extremes (using indexes for 

extreme wet and extreme dry periods), rainfall, soil dryness, runoffs and stream flows, under 

different greenhouse gas emission trajectories or SRES scenarios (see explanation of SRES 

scenarios below). The outputs of the model are used to estimate biomass response in Sections IV 

and V. Section III (Assessment of future rainfall over the Amazon basin) examines the 

difficulties of predicting future rainfall over the region and reviews the outputs from 24 Global 

Circulation Models (GCM) used by the IPCC from a perspective of the ability to simulate 

current rainfall, akin to an ñAmazon Predictionò index. Section III also presents probability 

density functions of future rainfall based on this index and on the ability to reproduce sea surface 

temperature dipoles, for use in assessing biomass response. 

 

Section IV (Analysis of Amazon forest response to climate change) presents the results of the 

application of the Lund-Potsdam-Jena managed Land Dynamic Global Vegetation and Water 

Balance Model (LPJmL) to the outputs and the implications of rainfall changes. It results in 

estimates of future vegetation carbon in the region in the form of probability density functions. 

Finally, Section V (Interplay of climate impacts and deforestation in the Amazon) presents 

the potential combined effects of climate change and deforestation in the Amazon, using the 

results of the Earth Simulator, the outputs of the Center for Weather Forecasting and Climate 

Studies Global Circulation Models (Centro de Previsão de Tempo e Estudios Climáticos, 

CPTEC GCM) and the CPTEC vegetation model. Section VI (Review of impacts) summarizes 

the type of impacts that would be expected from the anticipated changes. 

 

 

3. GEOGRAPHICAL DOMAIN 

Because the Amazon basin covers a wide region subject to different stresses and conditions, all 

assessments have focused on five geographical domains (windows) defined to capture different 

momentums in land use. Eastern Amazonia is a region continuous to Northeastern Brazil, where 

somewhat drier conditions are already the norm and growing anthropogenic impacts can be 

observed. Northwestern Amazonia is a region with little if any current direct anthropogenic 

impact and relatively intact ground cover. Southern Amazonia is a region subjected to strong 

land use change drivers. Northeastern Brazil is a region subjected to dry conditions. Southern 

Brazil
1
 would suffer the consequences of any change in climate in Amazonia (see Figure I.2). 

                                                 
1
 The exact geographical coordinates are provided in Figure I.2. 
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4. DATA SOURCES 

Observations: The Climate Research Unit (CRU) dataset 
Observed data for air temperature (°C), precipitation (mm), cloud cover (%) and the number of 

wet days at a 0.5° resolution (latitude/longitude grid) were available for monthly time-steps 

throughout the 1901ï2003 period from the Climate Research Unit, University of East Anglia 

(CRU, New et al. 2000). These data are assumed to represent the ñtrueò state of the climate (from 

the CRU TS 3.0 archive: http://www.cru.uea.ac.uk/cru/data/hrg-interim/). Three additional 

climatology archives were used for comparison purposes: the CMAP, GPCP and TRMM 3A25
2
 

datasets. 

 

Greenhouse Gas Emission Trajectories (SRES scenarios)  
The projected global greenhouse gas emission trajectories (SRES scenarios) adopted by the 

Intergovernmental Panel on Climate Change (IPCC) and used in its fourth assessment report 

(FAR), cover a wide range of driving forces of future emissions, including demographic, 

technological and economic developments. The Amazon dieback study is based on the scenario 

of moderate but consistent improvements in energy efficiency and deployment of renewable 

energy (called A1B), which estimates an end-of-century temperature anomaly (increase) of 2.8 

degrees Celsius. This has been used until recently as the mid-range scenario for climate work 

under the IPCC.  However, this scenario may be an underestimate, as the current trajectory 

already far surpasses the estimates used to define it. For the analysis of the interplay between 

deforestation and climate change, the Amazon Dieback report uses two more scenarios, one 

where fossil fuels remain predominant (A2) and one with a greater penetration of renewable and 

more significant gains in energy efficiency (B1), with respective net increases in temperature of 

3.4 to 1.8 degrees Celsius respectively, that provide a wider set of estimates than A1B.  

 

IPPC AR 4 Coupled General Circulation Models 
Climate outputs were available from the Coupled General Circulation Models (CGCMs) that 

participated in the Coupled Model Intercomparison Project 3 (CMIP3; coupled atmosphere-

ocean models) carried out for the IPCCôs Fourth Assessment Report (IPCC 2007). These data 

comprise the output from 24 climate models (available at https://esg.llnl.gov:8443/).  

 

High-resolution GCM data 
In addition, super-high-resolution (20 km) and high-resolution (60 km) temperature, precipitation 

and cloud cover simulations from the Meteorological Research Institute (MRI) and Japan 

Meteorological Agency (JMA) AGCM using the Earth Simulator were available for three 

periods: The 1979ï2003 period represents the present climate conditions (P conditions). Scenario 

output for future conditions under the SRES-A1B emission scenario is available for the 2015ï

2039 period (near future, N conditions) and the 2075ï2099 period (far future, F conditions).  

 

 

                                                 
2
 These are the CPC Merged Analysis of Precipitation for 29 years (1979ï2007) on a 2.5° lat/lon grid (CMAP: Xie 

and Arkin 1997), the GPCP One-Degree Daily Precipitation Data Set for 10 years (1998ï2007) on a 1.0° lat/lon grid 

(GPCP: Huffman et al. 2001), the Tropical Rainfall Measuring Mission (TRMM) PR3A25 V6 dataset for 9 years 

(1998ï2006) on a 0.5° lat/lon grid (TRMM 3A25: Iguchi et al. 2000) 

http://www.cru.uea.ac.uk/cru/data/hrg-interim/
https://esg.llnl.gov:8443/
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Table I.1. Projected global average surface warming and sea level rise at the end of the 21st century 

according to different SRES scenarios (IPCC 2007). 

 
 

Sea surface temperature (SST) 
Four different SSTs are used for future climate simulations by the 60-km mesh model. One 

experiment uses the CMIP3 model ensemble SST and sea-ice distributions as in the 20-km mesh 

model experiment. Second, third and fourth experiments use the SST anomalies of Australiaôs 

Commonwealth Scientific and Industrial Research Organisation (CSIRO)-Mk3.0, MRI-

CGCM2.3.2 and MIROC3.2 (hires) models. 

 

Vegetation models 
Two vegetation models were used to assess biomass response to various forcings. These are the 

LPJmL and the CPTEC-PVM. The LPJmL is a dynamic uncoupled model. The advantage of 

using LPJmL for biomass response to climate is that it is a process-based model that explicitly 

simulates the accumulation and loss of carbon, and vegetation dynamics. The CPTEC-CPVM is 

a static coupled model that simulates biome distribution (one biome per grid-cell) based on 

bioclimatic limits. The advantage of being coupled to a climate model is that feedbacks of 

vegetation change to the climate can be investigated. While LPJmL simulates biomass response, 

CPVM focuses on simulation of anticipated biome-equilibrium states. These two instruments 

complement each other. A summary of the inputs, processes and outputs from each subtask is 

described in Table I.2. 
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Figure I.1. Study approach 
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Table I.2. Summary of inputs, processes and outputs for each task 

 
Task Inputs Emission 

trajectory  

Process Outputs 

High-resolution 

simulation of future 

climate in the 

Amazon basin 

MRI-GCM data 

(Earth Simulator) 

A1B High-resolution 

simulation to end of 

century though Earth 

Simulator 

Future climate over the basin; 

projection of extreme events 

Assessment of 

future rainfall over 

the Amazon basin 

CMIP-3 data 

(ensemble of 24 

General 

Circulation 

Models) 

A1B Use of an Amazon 

climate prediction 

index to qualify 

CMIP-3 outputs 

Projected rainfall (weighted by 

modelôs ability to predict 

current climate) in the form of 

Probability Density Functions 

(PDF) of future rainfall 

Forest biomass 

estimate 

PDF results for 

future rainfall 

A1B LPJmL (dynamic 

uncoupled vegetation 

model) 

Biomass response (weighted by 

rainfall prediction index); PDF 

for future biomass 

Interplay of climate 

and deforestation 

CMIP-3  A2-B1 CPTEC-CPVM (static 

coupled vegetation 

model) 

Biome shifts in the Amazon 

basin 
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Figure I.2. Geographical Domains. Eastern Amazonia (EA; 2.5°N-5°S; 45°W-55°W);Northwestern 

Amazonia (NA; 5°N-5°S; 60°W-72.5° W); Southern Amazonia (SAz; 10°S-17.5°S; 50°W-

65°W;Northeastern Brazil (NEB; 2.5°S-15°S; 35°W-45° W; Southern Brazil (SB; 22.5°S-35°S; 45°W-

60°W) 
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II. Modeling future climate in the Amazon using the Earth Simulator 

 

1. THE MRI/JMA AGCM AND THE EARTH SIMULATOR 

As indicated in Section I, the Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change (AR4) uses a dataset of 24 global coupled atmosphere-ocean general circulation 

models (AOGCM, or GCM for short) to project future climate under various scenarios. The use 

of numerous models is intended to reduce errors and uncertainty. However, most of these models 

have a very coarse resolution (100ï400km) and this has an undesirable impact on results, 

particularly as it relates to extreme weather events. This is because global warming would result 

not only in changes in mean climate conditions but also in increases in the amplitude and 

frequency of extreme events that would not be captured in a meaningful way with coarse 

resolutions. Moreover, changes in extremes are more important for assessing adaptation 

strategies to climate changes. Therefore, a high spatial resolution model is required to study 

extreme weather events and to project their intensity and frequency for adaptation studies and 

measures. 

 

The Meteorological Research Institute of the Japan Meteorological Agency (MRI/JMA) 

atmospheric GCM is a super-high resolution atmospheric general circulation model with a 

horizontal grid size of about 20 km (Mizuta et al. 2006), offering an unequaled high-resolution 

capability. The use of the supercomputer called the Earth Simulator made this super-high-

resolution modelôs long-term simulation possible. The atmospheric GCM is a global hydrostatic 

atmospheric general circulation model developed by the MRI/JMA. This model is an operational 

short-term numerical weather prediction model of JMA and part of the next-generation climate 

models for long-term climate simulation at MRI. The data generated by the Earth Simulator was 

made available under the five-year Memorandum of Understanding between MRI and the World 

Bank. 

 

Although the global 20-km model is unique in terms of its horizontal resolution for global 

change studies with an integration period up to 25 years, available computing power is still 

insufficient to enable ensemble simulation experiments and this limits its application to a single 

member experiment. To address this limitation, parallel experiments with lower resolution 

versions of the same model (60-km, 120-km and 180-km mesh) were performed. In particular, 

ensemble simulations with the 60-km resolution have been performed and compared with the 20-

km version for this study. 

 

The MRI-GCM was used to project climate in the Amazon basin to mid-century (2035ï2049) 

and to the end of the 21st century (2075ï2099) and compared these projections to the present 

(1979ï2003) under scenario A1B,
3
 which projects a temperature increase of between 1.3 and 3.5 

degrees Celsius by the end of the century. The analysis was done primarily to assess rainfall, 

                                                 
3
 Todayôs emissions trajectory is already well above the A1B scenario. Therefore, this scenario may no longer 

represent a plausible future.  
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runoffs and extreme events, and to estimate the anticipated impact on stream flows induced by 

climate change. Results on rainfall, moisture and evaporation are also reported and later 

compared with other model outputs in subsequent sections of the report. The simulations were 

performed at a grid size of about 20 km and routinely compared with 60-km mesh ensemble runs 

to ascertain robustness. A detailed description of the model and its performance in the 10-year 

present-day simulation with sea surface temperature (SST) can be found in Mizuta et al. (2006). 

 

 

2. COMPARISON OF OBSERVED AND SIMULATED DATA, FOR PRESENT TIME, OVER THE 

AMAZON BASIN 

Seasonal mean precipitation reproduced in the simulation is evaluated against available observed 

data. Figure II.1 shows the geographical distribution of DecemberïFebruary (DJF) averaged for 

a 25-year period (1979ï2003) of mean precipitation for 180-km, 120-km, 60-km and 20-km 

resolutions. Observations show large seasonal mean precipitation in the austral summer over the 

Amazon basin. The Intertropical Convergence Zone (ITCZ) over the tropical Atlantic, and the 

South Atlantic Convergence Zone (SACZ) to the southeast of the Brazilian Plateau, are also well 

reproduced. The precipitation maximum over the Amazon tends to locate northwest of observed 

data. 

 

Figure II.1 . Geographical distributions of DecemberïFebruary (DJF) mean rainfall (mm d
-1

) 

over the Amazon basin. Plots (a-d) correspond to data-sets of actual observations; Plot (e) is 

180-km model, (f) 120-km model, (g) 60-km model and (h) 20-km MRI -GCM model. 

 

 

 

 

 

 

 
mm/d  

Actual Observations (a-d) 

e) 180-km model  f) 120-km model  g) 60-km model  h) 20-km MRI -

GCM model  
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Figure II.2. Geographical distributions of June-August (JJA) mean rainfall (mm d
-1
) over the Amazon 

basin. Plots (a-d) correspond to data-sets of actual observations; (e) 180-km model, (f) 120-km model, (g) 

60-km model and (h) 20-km MRI -GCM model. 

 

 

 

 

 

 

There are no distinct differences in large-scale patterns of precipitation with different horizontal 

resolutions. Figure II.2 shows the JuneïAugust (JJA) mean precipitation climatology of the four 

observed SST datasets and the model at different scales. During this season, a major rain area 

moves northward and large precipitation is found over northern South America while it is very 

dry over Northeastern Brazil and Southern Amazonia. Southern Brazil is covered with a rainy 

area extending from the South Atlantic. The Earth Simulator reproduces these rainfall 

distributions quite well. 

 

 

3. PROJECTION OF FUTURE CLIMATE OVER THE AMAZON BASIN 

 

3.1 Rainfall 

Projected changes at the end of the 21st century (2075ï2099) were compared to the present 

(1979ï2003). An overall pattern of precipitation change simulated by the 20-km and 60-km 

Actual Observations (a-d) 

e) 180-km model  f) 120-km model  g) 60-km model  h) 20-km MRI -

GCM model  

mm/d  


