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Outline 

1. Aquecimento Global e Variabilidade climática; 
 

2.  O mundo em que vivemos (do clima médio aos 
extremos climáticos); 

 
3. Modelos Climáticos: GCMs e RCMs (ESMs e RESMs) 

 
4. O que projectamos para o futuro: global e Portugal 



Variabilidade Climática  

vs 

Alterações Climáticas 

Antropogénicas 



 Lüthi et al (2008) 

Temperatura e CO2 

Reconstrução através de  

bolhas de ar aprisonadas em núcleos de gelo na Antartica 



Temperatura e CO2 

Temperature change (blue) and  

carbon dioxide change (red) observed in  

ice core records Many other records are available 

ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/vostok/readme_petit1999.txt
http://www.ncdc.noaa.gov/paleo/icecore.html


Homo sapiens 

408 ppm (1 de Outubro de 2019) 



anomalias (°C) relativas a 1961-1990 

Últimos 1700 anos (HN) 

Source: Climate Change Impacts in the United States: The Third National Climate Assessment 

https://www.globalchange.gov/browse/reports/climate-change-impacts-united-states-third-national-climate-assessment-0


O mundo em que vivemos 



IPCC 5th Assessment Report for Climate Change 

2013: The Physical Basis 

Observed Changes in the Climate System 

Warming of the climate system is unequivocal, and since the 

1950s, many of the observed changes are unprecedented 

over decades to millennia.  

 

 

The atmosphere and ocean have warmed, the amounts of 

snow and ice have diminished, sea level has risen, and the 

concentrations of greenhouse gases have increased. 



IPCC - 2013 

Temperatura 

Each of the last three decades has 

been successively warmer at the 

Earth’s surface than any receding 

decade since 1850.  



IPCC - 2007 

17 dos 18 mais  

quentes ocorreram  

desde 2000 ! 



IPCC - 2013 
Precipitation 

 

Extremes 

• More land regions where the number of heavy precipitation events has 
increased than where it has decreased. 

• The frequency or intensity of heavy precipitation events has likely increased 
in North America and Europe.  



Since 1979, the volume of Summer Arctic 

Sea Ice has declined by more than 80% 

and is accelerating… 

 

Degelo no Ártico 

National Snow and Ice Data Center 



Warming + Melting = Sea Level Rise 



Eventos extremos 





Leslie  

Out 2018 

2017 

2018 

2019 

Pedrogão Jun 2017 

Monchique Ago 2018 

Fogos 

Seca, Ondas de Calor, Fogos, Tempestades, etc 

Ophelia  

Out 2017 

Ago 2018  

Max abs… 

Tmax 

Marinha Grande Out 2017 

Lorenzo  

Set/Out  

2019 

Cat5 



Como estudamos o clima 
presente e futuro? 







Anthropogenic  

and natural forcings 

Source: IPCC 2007a (WG I TSp.62)  

How Well Have  
GCMs performed? 

Attribution 



O que projectamos para o futuro 



Global 



IPCC - 2013 

Future  

Climate  

Change 
CMIP5 multi-model  

simulated time series  

from 1950 to 2100  

mean surface 

temperature relative 

to 1986–2005  

Representative Concentration 

Pathways (RCPs) 



IPCC - 2013 



IPCC - 2013 



IPCC - 2013 



Regional 



GCM 

global para regional (e local)  

Modelação climática 

RCM Nesting 

GCM forces RCM at the 

lateral boundaries and the 

sea surface (~12km) 
 



Portugal 

IDL-FCUL 



Temperatura 



Anomalias de  
Temperatura 
máxima 
para o clima  
futuro 
 
2071-2100 
RCP8.5 (cenário) 
 
 
  
 

Cardoso et al. (2018) 

Inverno Primavera 

Verão Outono 

2071-2100  
menos  
1971-2000 



Anomalias de  
Temperatura 
mínima 
para o clima  
futuro 
 
2071-2100 
RCP8.5 (cenário) 
 
 
  
 

Cardoso et al. (2018) 

Inverno Primavera 

Verão Outono 

2071-2100  
menos  
1971-2000 



Temperatura 

Extremos 



Cardoso et al. (2018) 
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Precipitação 



Precipitação 
Anual 
 
Presente, 
Futuro e 
Anomalias  
relativas  
anuais 
 
RCP8.5 
 (2071-2100 menos  

1971-2000)/1971-
2000 

Soares et al. (2017) 

Presente RCP8.5 

Anomalia Relativa 



Soares et al. (2017) 

Precipitação 
 
Anomalias  
Sazonais 
relativas  
 
(2071-2100 menos  
1971-2000)/1971-2000 

Inverno Primavera 

Verão Outono 



Precipitação 

Extremos 



Soares et al. (2017) 

Precipitação Extrema 
 
Anomalia  
anual 
relativa 
 
 
 
 
 
 
(2071-2100 menos  
1971-2000)/1971-2000 

p95 p99 



Nível médio do Mar 



Cenários de Inundação Costeira 

Cenários de Inundação Extrema 
para 2100 

Rocha C., Antunes C. Catita C. 
(2018) 



Cenários de Vulnerabilidade Costeira 

Cenário: 
Ano 2100 

62 453 

80 034  

1146 km2 

CENSOS 2011 

Rocha C., Antunes C. Catita C. 
(2018) 
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Muito Obrigado 


