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Facts from IPCC AR4

Most of the observed increase in globally averaged temperatures since
the mid-20th century is very likely due to the observed increase in 
anthropogenic greenhouse gas concentrations12. This is na advance
since the TAR’s conclusion that “most of the observed warming over the
last 50 years is likely to have been due to the increase in greenhouse
gas concentrations”. Discernible human influences now extend to other
aspects of climate, including ocean warming, continental-average
temperatures, temperature extremes and wind patterns

There is now higher confidence in projected patterns of warming and
other regional-scale features, including changes in wind patterns, 
precipitation, and some aspects of extremes and of ice.

Anthropogenic warming and sea level rise would continue for centuries
due to the timescales associated with climate processes and feedbacks, 
even if greenhouse gas concentrations were to be stabilized.



Causes: Natural 
climate variability? 
land-use changes? 

increase in the
concentration of

GHG?. 

Increase in total rainfall in southern Brazil (1951-
2002)

PROBIO-GOF UK project (2007) 



Southeastern South America: Increase in the frequency
of intense rainfall eventst (1951-2000)

R10 – Number of days with
rainfall above 10 mm/day

Data gap

?



Increase in the frequency of warm nights in Southeastern Brazil
(1951-2000)

Tn90-Minimum temperature on the
90th percentile of the distribuiton

Data gap

?



O que acontece dos extremos climáticos no 
presente? 
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IPCC WG 1
Projeções aumento na temperatura do ar ate 2100 em relação a 1980-99.



Mudanças da precipitação (%) para o período de 2090–2099, relativo a 1980–1999. 
Media de vários modelos e IPCC AR4. 
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Chapter 10

Projeções extremos climáticos ate 2100 IPCC WG 1

Mudanças em índices 
de extremos de 
precipitação (chuvas 
intensas e veranicos 
ou períodos secos)  
projetadas para o ano 
de 2080–2099 em 
relação a 1980–1999 
para o cenário A1B.  
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Figure 3.2: Examples of current vulnerabilities of freshwater resources and their
management; in the background, a water stress map based on the 2005 version of
WaterGAP (Alcamo et al., 2003a).



Figure 3.4: Ensemble mean change in annual runoff, in percent, by 2050 under the
SRES A1B emissions scenario, based on an ensemble of 12 climate models (Milly
et al., 2005).



Figure 3.8: Illustrative map of future climate change impacts on freshwater which are a threat to the
sustainable development of the affected regions. 1: Bobba et al. (2000), 2: Barnett et al. (2004), 3: Döll and
Flörke (2005), 4: Mirza et al. (2003) 5: Lehner et al. (2005a) 6: Kistemann et al. (2002). Background map: 
Ensemble mean change of annual runoff, in percent, between present (1981-2000) and 2081-2100 for the
SRES A1B emissions scenario (Nohara et al., 2006).

change of annual runoff



Impacts due to altered frequencies and intensities of extreme 
weather, climate, and sea level events are very likely to change



Limitations of climate projections from AOGCM

Coupled Atmosphere-Ocean Global Climate Models (AOGCMs) are the
modeling tools traditionally used for generating climate change
projections and scenarios. 

The horizontal atmospheric resolution of present day AOGCMs is still 
relatively coarse, order of 300 km, and regional climate is often affected
by forcings and circulations that occur at smaller scales. As a result, 
AOGCMs cannot explicitly capture the fine scale structure that
characterizes climatic variables in many regions of the world and that is 
needed for many impact assessment studies.

Regional Climate Models (RCMs) are useful tools for generating high
resolution climate change scenarios for use in climate impacts and
adaptation studies.



Why regional models?

The issue of the spatial resolution in scenarios must be put in the context
of other uncertainties of climate change. Studies and analyses of climate
change impact and adaptation assessments recognize that there are a 
number of sources of uncertainty in such studies which contribute to 
uncertainty in the final assessment. 

The importance of high resolution climate scenarios for impacts and
adaptation studies remains to be thoroughly explored in Brazil and South
America.    

Most of these activities have been linked to implementation of scenarios
for the UNFCC National Communications on Climate Change at the
country level. In studies so far, mainly concerning agriculture and water
resources, significant differences in the estimated impacts based on
spatial resolution are found.

So far it has been explicitly demonstrated that the necessary adaptation
measures varies with the spatial resolution. And of course, this point could
be deduced from the fact that the level of impacts varies.  



Downscaling of climate change scenarios in Brazil 

An initiative from Brazil has been the implementation of CREAS 
(Regional Climate Change Scenarios for South America).  CREAS is 
being established as consequence of a GEF-Ministry of 
Environment/PROBIO project lead by CPTEC in Brazil for studies on
impacts of climate change in natural ecosystems in Brazil (PROBIO).

Additional funding for CREAS comes from the GOF-UK CLIMATE 
CHANGE & ENERGY PROGRAMME: Using Regional Climate Change
Scenarios for Studies on Vulnerability and Adaptation in Brazil and
South America, and the National Climate Change Program from the
Ministry of Science and Technology.  

The projects aim to provide high resolution climate change scenarios in 
the three most populated basins in South America for raising awareness
among government and policy makers in assessing climate change
impact, vulnerability and in designing adaptation measures.  



To provide high resolution future climate change 
scenarios in South America for development of 
studies that should lead to raising awareness 
among government and policy makers in 
assessing climate change impact, vulnerability 
and in designing adaptation measures.

Project strategy summary



Modelos do IPCC: HadCM3

RegCM3

Downscaling IPCC 
Scenarios

A2, B2

HadRM3 Eta CCS

Regional models

Climatology
1961-90 

PROBIO-IPCC Global models ised: IPCC TAR (HadCM3)-Version 1 

Maps of climate 
anomalies, and 

indices of 
extremes 
(Regional 

multimodel
ensemble)

2071-2100, A2, B2

Climatology 
regional model 

1961-90

Climate anomalies (future-
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Impacts of 
climate change

Downscaling (40-50 km)
RCM (Eta, RegCM3,HadRM3)

Vulnerability 
Assessments

Adaptation and 
mitigation 
measures

Detection 
and 
attribution

IPCC global models (HadAM3P)

Capacity 
building

Socieconomic 
development

Users and decision makers 
government 

and policy makers 
society, NGO, academics

Development and Applications 

Products: (Paper, digital and GIS)
-Maps of climate change projections for time 
slices, A2, B2 (and uncertainties)
-Reports, publications…. ..

Regional climate change
scenarios: A2, B2, 2071-2100 

and other time slices,
3 regional models

-Science
-Training and capacity

building

Applications for impacts and vulnerability studies  



The REGIS study  (an UK experience that can serve as a paradigm for Brazil)
UKCIP is involved in developing an innovative methodology for undertaking the type of cross-sectorial
research that climate change necessitates. This is being implemented through a major commitment of 
resources in the REGIS study in North West England and East Anglia. The study aims to improve our 
understanding of the linkages between water resources, agriculture, biodiversity and coastal/river defence.



Solid lines are multi-model global averages of surface warming (relative to 1980-99) for the scenarios A2, 
A1B and B1, shown as continuations of the 20th century simulations. Shading denotes the plus/minus
one standard deviation range of individual model annual means. The number of AOGCMs run for a given
time period and scenario is indicated by the coloured numbers at the bottom part of the panel. Chapter 10



Regional climate change projections (summer DJF):  Rainfall and temperature

Eta CCS

HadRM3P

RegCM3



Regional climate change projections (Fall MAM):  Rainfall and temperature

Eta CCS

HadRM3P

RegCM3



Regional climate change projections (winter JJA):  Rainfall and temperature

Eta CCS

HadRM3P

RegCM3



Regional climate change projections (spring SON):  Rainfall and temperature

Eta CCS

HadRM3P

RegCM3



Amazonia
Precipitation Temperature

Eta CCS

HadRM3P

RegCM3





Rainfall anomalies (mm/day) (Annual) [(2071-2100)- (1961-90)] 

A2

A2

Temperature anomalies (C) Annual [(2071-2100)- (1961-90)] 

B2

B2
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1961-90 2071-2100, B2 2071-2100, A2

Increase in the frequency of 
warm nights until 2100 

Warm nights index (TN90) [(2071-2100)- (1961-90)] 

Increase in the frequency of 
warm nights during 1961-

2000

HadRM3

OBSV



Increase in the frequency of 
intense rainfall events until

2100

Intense rainfall index ( R10) [(2071-2100)- (1961-90)] 

Increase in the frequency of 
intense rainfall events during

1961-2000

OBSV

1961-90 2071-2100, B2 2071-2100, A2HadRM3



Increase in the frequency of 
consecutive dry days until

2100 

Consecutive dry days index (CDD) [(2071-2100)- (1961-90)] 

Reduction in the frequency
of consecutive dry days

during 1961-2000

OBSV

1961-90 2071-2100, B2 2071-2100, A2HadRM3



The aggregated CCI (Climate Change index)  on a grid basis for South
America, for the 2071-2100 period in relation to 1961-90. (Baettig et al. 2007). 

Regions more vulnerable to 
Climate Change

The CCI indicates that climate will change
most strongly relative to today’s natural 
variability in the
tropics. The high CCI-values in the tropics
are caused by precipitation changes but
also seasonal temperature events.
Concerning strong temperature changes, it 
has to
be noted that in the tropics the hot 
temperature indicator responds more 
strongly to absolute changes in mean than
elsewhere, because natural temperature
variability is much smaller in the tropics
than in higher latitudes.
According to the CCI, climate is expected
to change more strongly relative to today’s 
natural variability in these more vulnerable
countries than in many countries with a 
high HDI and thus lower vulnerability.



Fenômeno El Niño, as projeções 
climáticas mostram poucas 
evidências de mudanças na 
amplitude do fenômeno nos 
próximos 100 anos. Porém, há 
possibilidades de uma 
intensificação dos extremos de 
secas e enchentes que ocorrem 
durante eventos quentes de El
Niño.



Futuro dos Biomas Amazônicos?

fonte: Oyama and Nobre, 2003

Savanização da Amazônia: um estado de equilíbrio na relação 
bioma-clima?

floresta savana caatinga campos deserto

2000 2100



Impactos da mudança de clima na vegetação natural da America do Sul . Projeções de 
cenários de biomas para 2090-2100, derivados de 15 modelos de IPCC para o cenários
A2 (Salazar et al. 2007)

Presente

Vegetação natural projetada pelos modelos de IPCC AR4 – ano 2100



Impactos Severos nos Recursos Hídricos do Nordeste. Tendência a 
“aridização” da região semi-árida do Nordeste até final do Século 
XXI

Relevante ao:
PROGRAMA NACIONAL DE 

COMBATE À DESERTIFICAÇÃO E 
MITIGAÇÃO DOS EFEITOS DE 

SECA (PAN-Brasil)

Balanço Hídrico-Nordeste

Maior Déficit
Hídrico no Nordeste: 
Vulnerabilidade na 

agricultura!

1961-1990

2071-2100



Mudança de clima e impactos no café

Atual
+1 ° C, 
+15% chuva

+3 ° C, 
+15% chuva

+5.8 ° C, 
+15% chuva

Favorável Favorável

Favorável
Favorável

Necessidade de aplicar projeções 
regionalizadas a 50-50 km para rodar 
estes modelos



(NAE. 2005)

Mudança de clima
(mais seco e quente



Necessidade de projeções de elevação do 
nível no mar de uma forma mais  
quantitativa com estimações da incerteza



NORTHEAST BRAZIL
A2: 2-4 C warmer, 15-20% less rainfall. 
B2: 1-3 C warmer, 10-15 % less rainfall
Possible impacts: High frequency of dry
spells and evaporation rates and low soil
moisture levels affecting levels of channels
and reservoirs. Losses in natural ecosystems
caatinga.Tendency towards aridization and
desertification in the semiarid region. Water
scarsity. Waves of climate refugees migrating
towards large cities agravating social 
problems. Impacts on human health

AMAZON REGION
A2: 4-8 C warmer, 15-20% less rainfall. 
B2: 3-5 C warmer, 5-15 % less rainfall
Possible impacts: High frequency of dry spells in eastern Amazonia
and intense rainfall events in western Amazonia, losses in natural 
ecosystems, rain forest and biodiversity. Low river levels affecting
transportation and commerce. Possible impacts on moisture
transport and rainfall in Southeastern South America. Impacts on
hydroelectric generation.  More favorable conditions for spread of 
forest fires. Impacts on health and commerce due to smoke. 

SOUTHERN BRAZIL
A2: 2-4 C warmer, 5-10% more 
rainfall. 
B2: 1-3 C warmer, 0-5 % more 
rainfall
Possible impacts: High
frequency of intense rainfall
events, increase in warm
nights frequency (reduction of 
cold nights). Intense rainfall
and high evaporation due to 
dry spells can affect agriculture
(weath and soybean). Losses in 
natural ecosystems. High
temperatures and intense
rainfall can affect human health

SOUTHEASTERN BRAZIL
A2: 3-6 C warmer,  
B2: 2-3 C warmer,
Possible impacts: High frequency of intense rainfall
events. High evaporation rates and lower soil
moisture can affect agriculture (coffee) and
hydroelectric generation. High temperatures and
intense rainfall can affect human health. Possible
sea level rise.  

WEST CENTRAL BRAZIL
A2: 3-6 C warmer,  
B2: 2-4 C warmer, 
Possible impacts: High frequency of intense rainfall
events and dry spells. High evaporation rates and
lower soil moisture can affect agriculture (coffee) 
and hydroelectric generation. Soil erosion due to 
high temperatures and intense dry spells can affect
agriculture and natural ecosystems Pantanal and
cerrado. .  

Summary of future climate change scenarios for the end of the XXI 
Century and possible impacts in Brazil

Sources: INPE, MMA-
PROBIO, EMBRAPA,
CEPAGRI



Maiores informações a acesso aos 
dados

http://www.cptec.inpe.br/mudancas_cli
maticas/



Future activities

Applications:

-Use of Version 1 products for studies of impacts of climate change in 
agriculture (GOF-EMBRAPA-UNICAMP CEPAGRI-INPE)

-Use of Version 1 products for assessmets of impacts of climate change in the 
hydroelectric  matrix in Brazil: Madeiras, Xingu, Parana, Tocantins and São 
Francisco River Basins (GOF-WWF-INPE)

-Use of Version 1 products for studies and assessments on Migration, public
health and security (GOF-UNICAMP-FIOCRUZ)

New developments (Version 2)

-Second National Communication of Brazil to UNFCCC-Generation of Version 2 
of the climate change scenarios using 3 global models CCSM3, HadCM3 and
ECHAM 5 and the Eta model at 40 km  (UNDP-MCT-INPE) South and Centra
america Collaboration of the Hadley Centre
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Plano Nacional de Mudanças Climáticas
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(IPCC WG1, Relatório do 
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Brasil-Programa de Impactos Climáticos 
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