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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. 
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Atmosphere 

Temperature 

Each of the last three decades has 

been successively warmer at the 

Earth’s surface thaŶ any receding 

decade since 1850.  

In the Northern Hemisphere, 1983–
2012 was likely the warmest 30-year 

period of the last 1400 years 



Days vs. Nights 

IPCC - 2007 

Observed trends (days per decade) for 1951 to 2003 in the frequency 

of extreme temperatures (defined based on 1961 to 1990 values) 



The number of cold days and nights has decreased and the number of 

warm days and nights has increased on the global scale. 

It is likely that the frequency of heat waves has increased in large parts 

of Europe, Asia and Australia. 

Days vs. Nights 



Last 

 1300 yrs 

IPCC- 2007 

anomalies (°C) from the 

1961 to 1990 mean 
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Atmosphere - 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.  
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Cryosphere 



Since 1979, the volume of Summer Arctic Sea 

Ice has declined by 80% and is accelerating. 

 

The first ice-free summer in the Arctic Ocean is 

expected to happen between 2016 and 2022.  

NASA 2013 

Melting Ice 

͞The ŶiŶe loǁest ŵaǆiŵuŵ eǆteŶts haǀe occurred iŶ the last ŶiŶe 
Ǉears, siŶce 2004,͟  Meier saǇs. 
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Ocean 

Sea Level 



Warming + Melting = Sea Level Rise 

From: Kitchen 

(2014) – Global 

Climate Change 



The Greenhouse Effect 
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The greenhouse effect: early discoveries 

Edme Marriotte (1620-1684): 

Sun’s heat passes through glass, other 
heat does not (1681). 

(www.nndb.com)  

Horace Bénédict de Saussure (1740-1799): 

Air in mountains does not trap heat as much 

as air in low-lying regions 

(www.eoearth.org) 
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1824,  Jean Baptiste Fourier 

 

"greenhouse effect". He writes: "The temperature [of the 
Earth] can be augmented by the interposition of the 
atmosphere, because heat in the state of light finds less 

resistance in penetrating the air, than in re-passing into the 

air when converted into non-luminous heat." 
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Optical properties of atmospheric gases 

1861, John Tyndall 

Measured infrared radiation 
absorption properties of atmospheric 
molecules 

Changing H2O or CO2 could cause 
“all the mutations of climate which 
the researches of geologists reveal” 



C
G

U
L
/I

D
L
 

1896, Arrhenius 

CO2 

16 
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Carbon and Other Biogeochemical Cycles 



National Research Council - GHG 

Analysis of air bubbles trapped in Antarctic ice cores show that, along with carbon dioxide, 

atmospheric concentrations of methane (CH4) and nitrous oxide (N2O) were relatively constant 

until they started to rise in the Industrial era. Atmospheric concentration units indicate the 

number of molecules of the greenhouse gas per million molecules of air for carbon dioxide and 

nitrous oxide, and per billion molecules of air for methane. Source: U.S. Global Climate Research Prog. 

 



July 2013  



Temperature and 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
ftp://ftp.ncdc.noaa.gov/pub/data/paleo/icecore/antarctica/vostok/readme_petit1999.txt
http://www.ncdc.noaa.gov/paleo/icecore.html
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Temperature 1880-2009 

CO2-1958-2009  
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(Mt/Ag/EnSc/EnSt 404/504 - Global Change) History (from IPCC WG-I, Chapter 1) 

The Climate System 

How do we simulate this? 





Anthropogenic  
and natural forcings 

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

How Well Have GCMs performed? 



Detection and  

Attribution of  

Climate Change 

Human influence on the 

climate system is clear 
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Future  

Climate  

Change 

CMIP5 multi-model  

simulated time series  

from 1950 to 2100  



IPCC - 2013 



IPCC - 2013 

RCP8.5  RCP2.6  
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EXTREMES 



young technicians  

engineers of surveying and  

geographical information technologies 

  

 

play a major role  

 

 

on monitoring and diagnosing the impacts of 

climate change and support decision makers to 

mitigate and adapt  to climate change 



Thank you! 
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Drivers of Climate Change 



Evaluation of Climate Models 

Climate models have improved since the AR4. Models 

reproduce observed continental-scale surface 

temperature patterns and trends over many decades, 

including the more rapid warming since the mid-20th 

century and the cooling immediately following large 

volcanic eruptions (very high confidence).  



Mudança Climática Global 

• A Terra está em aquecimento: 

– Como sabemos? 

– O que sabemos? 

 

• Razões e incertezas quanto às causas da MC: 

– O que é o sistema climático? 

– o efeito de estufa é um tema científico recente? 

– O que é o efeito de estufa? 

– Como simulamos o sistema climático? 

– Quais as projecções para o futuro? 

– Donde vêm os gases de estufa? 

 



Global Climate Change 





What determines the Climate ? 

Earth’s Orbit 


