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Context: Climate Change Challenge 
• Public perception has changed and climate change is 

now more widely accepted as a reality. 
• The attention of society has shifted towards solutions 

to the problems that will be posed by climate change. 
• Decision Makers and academia have to respond to the 

demand for solutions. 
• Addressing the demand for solutions to climate 

change requires a transdisciplinary, trans-sector 
approach. 

• Solutions to the problems posed by climate change 
have to be sought in the framework of a planet that 
faces multiple pressures.  

• IPCC is dedicated to assess … the scientific, technical 
and socio-economic information “for” understanding 
the scientific basis of risk of human-induced climate 
change, its potential impacts and options for 
adaptation and mitigation.  



Context 

http://www.iceandclimate.nbi.ku.dk/images/images_research_sep_
09/EPICA_without_current.PNG/ 

• During the past ca. 800,000 years global atmospheric  CO2 concentrations varied 
between ca. 180 and ca. 280 ppm  

• Atmospheric CO2 concentrations are well correlated to global atmospheric 
temperatures 

• Past global atmospheric temperatures varied by ca. 5oC between glacials and 
interglacials 

• Recent warming is ca. 15 to 20 per cent of such a cycle away from the upper 
boundary to warmer temperatures 

http://www1.ncdc.noaa.gov/pub/data/cmb/images
/indicators/800k-year-co2-concentration.gif 



The Problem 

• Developed and developing countries are using 
increasing amounts of primary energy 

• Most of this primary energy is produced by burning 
of fossil fuel 

• This has already led to significant increases in the 
atmospheric concentrations of the greenhouse gas 
CO2 accounting for more than one half of the 
anthropogenically induced Greenhouse Gas Effect 

• Future projections point towards doubling of the 
natural atm CO2 concentrations (560 ppm) 

• The projected global warming would be in the 
vicinity of 2 degrees Celsius (IPCC 2013; RCP6.5) 

 



IPCC 
• Recognizing the problem of potential global climate change, the 

World Meteorological Organization (WMO) and the United 
Nations Environment Programme (UNEP) established the 
Intergovernmental Panel on Climate Change (IPCC) in 
1988. It is open to all members of the UN and WMO.  

• The role of the IPCC is to assess on a comprehensive, 
objective, open and transparent basis the scientific, 
technical and socio-economic information relevant to 
understanding the scientific basis of risk of human-induced 
climate change, its potential impacts and options for 
adaptation and mitigation. The IPCC does not carry out 
research nor does it monitor climate related data or other relevant 
parameters. It bases its assessment mainly on peer reviewed and 
published scientific/technical literature. Its role, organization, 
participation and general procedures are laid down in the 
"Principles Governing IPCC Work"  

http://www.ipcc.ch/index.html 



Assessment of Scientific Evidence 

AR5: Final Draft: June 7, 2013; Release: September 30, 2013 

http://www.ipcc.ch/report/ar5/wg1/#.UomJd9Uo5Mt 
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Assessment of Scientific Evidence 

AR5: Final Draft: June 7, 2013; Release: September 30, 2013 

http://www.ipcc.ch/report/ar5/wg1/#.UomJd9Uo5Mt 



Likelihood and Certainty 
In this Summary for Policymakers, the following summary 
terms are used to describe the available evidence: 
 
• Limited 
• Medium 
• Robust 
 
and for the degree of agreement: 
 
• Low 
• Medium 
• High 
 
A level of confidence is expressed using five qualifiers: very 
low, low, medium, high, and very high, 



Likelihood and Certainty 
In the AR5 Summary for Policymakers (SPM), the following 
terms have been used to indicate the assessed likelihood of an 
outcome or a result:  
 
• virtually certain 99–100% probability, 
• very likely 90–100% 
• likely 66–100% 
• about as likely as not 33–66% 
• unlikely 0–33% 
• very unlikely 0–10% 
• exceptionally unlikely 0–1% 
 
Additional terms (extremely likely: 95–100%, more likely than 
not >50–100%, and extremely unlikely 0–5%) may also be 
used when appropriate. 



IPCC 2013: Global Surface Temperature 

IPCC 
Fourth Assessment 
Report 
SPM 



IPCC 2013: Global Surface Temperature 

Global ΔT: 0.85 [0.65 to 1.06] 
oC, over the period 1880 to 
2012.  (‘It is virtually certain 
that globally the troposphere 
has warmed since the mid-20th 
century’.) 



IPCC 2013: Global Surface Temperature 

NASA GISS 
http://www.nasa.gov/topic
s/earth/features/2012-
temps.html 



IPCC 2013: Global Precipitation 



IPCC 2013: Ocean Warming 



IPCC 2013: Cryosphere 



IPCC 2013: Sea Level 



IPCC 2013: Carbon Cycle 



IPCC 2013: Radiative Forcing 



IPCC 2013: Understanding Climate 



IPCC 2013: Anthropogenic Effect 



IPCC AR5: Representative 
Concentration Pathways (RCPs) 

• Climate change projections in IPCC Working Group I 
require information about future emissions or 
concentrations of greenhouse gases, aerosols and 
other climate drivers 

• This information is often expressed as a scenario of 
human activities, which are not assessed in this report 

• Scenarios used in Working Group I have focused on 
anthropogenic emissions and do not include changes in 
natural drivers such as solar or volcanic forcing or 
natural emissions, for example, of CH4 and N2O 



IPCC AR5: RCPs 

In AR5 RCPs are identified by their approximate total 
radiative forcing in year 2100 relative to 1750: 

 
• 2.6 W m-2 for RCP2.6 
• 4.5 W m-2 for RCP4.5 
• 6.0 W m-2 for RCP6.0 
• 8.5 W m-2 for RCP8.5 

 
The RCPs can thus represent a range of 21st century climate 
policies, as compared with the no-climate policy of the Special 
Report on Emissions Scenarios (SRES) used in the Third 
Assessment Report and the Fourth Assessment Report. 



IPCC AR5: RCPs 

• In AR5 RCPs are identified by their approximate total 
radiative forcing in year 2100 relative to 1750: 
 

• RCP2.6: 2.6 W m-2 Forcing peaks and declines by 2100 
• RCP4.5: 4.5 W m-2 Forcing stabilizes by 2100 
• RCP6.0: 6.0 W m-2 Forcing does not peak by 2100 
• RCP8.5: 8.5 W m-2 Forcing does not peak by 2100 

 
• For RCP6.0 and RCP8.5, radiative forcing does not peak by 

year 2100; for RCP2.6 it peaks and declines; and for 
RCP4.5 it stabilizes by 2100. Each RCP provides spatially 
resolved data sets of land use change and sector-based 
emissions of air pollutants, and it specifies annual 
greenhouse gas concentrations and anthropogenic 
emissions up to 2100 



IPCC AR5: RCPs 

• In AR5 RCPs are identified by their approximate total 
radiative forcing in year 2100 relative to 1750: 
 

• RCP2.6: 2.6 W m-2 Forcing peaks and declines by 2100 
• RCP4.5: 4.5 W m-2 Forcing stabilizes by 2100 
• RCP6.0: 6.0 W m-2 Forcing does not peak by 2100 
• RCP8.5: 8.5 W m-2 Forcing does not peak by 2100 

 
• RCPs are based on a combination of integrated 

assessment models, simple climate models, atmospheric 
chemistry and global carbon cycle models. While the RCPs 
span a wide range of total forcing values, they do not 
cover the full range of emissions in the literature, 
particularly for aerosols 



IPCC AR5: RCPs 

• Most of the CMIP5 and Earth System Model simulations were performed 
with prescribed CO2 concentrations reaching 421 ppm (RCP2.6), 538 
ppm (RCP4.5), 670 ppm (RCP6.0), and 936 ppm (RCP 8.5) by the year 
2100. Including also the prescribed concentrations of CH4 and N2O, the 
combined CO2-equivalent concentrations are 475 ppm (RCP2.6), 630 
ppm (RCP4.5), 800 ppm (RCP6.0), and 1313 ppm (RCP8.5). 
 

• RCP2.6: 2.6 W m-2; CO2 conc: 421 ppm (CO2-equ.: 475) 
RCP4.5: 4.5 W m-2; CO2 conc: 538 ppm (CO2-equ.: 630)  

• RCP6.0: 6.0 W m-2; CO2 conc: 670 ppm (CO2-equ.: 800)  
• RCP8.5: 8.5 W m-2; CO2 conc: 936 ppm (CO2-equ.: 1313) 

 
• Preindustrial: ca. 280 ppm 
• Present: ca. 394 ppm (close to 400 in spring 2013) 
• Double CO2: 560 ppm 



IPCC AR5: RCPs 

• In AR5 RCPs are identified by their approximate total 
radiative forcing in year 2100 relative to 1750: 
 

• 2.6 W m-2 for RCP2.6 
• 4.5 W m-2 for RCP4.5 
• 6.0 W m-2 for RCP6.0 
• 8.5 W m-2 for RCP8.5 

 
• These four RCPs include one mitigation scenario leading 

to a very low forcing level (RCP2.6), two stabilization 
scenarios (RCP4.5 and RCP6), and one scenario with very 
high greenhouse gas emissions (RCP8.5). 



IPCC AR5: Projections 



IPCC AR5: Projections 



IPCC AR5: Projections 



IPCC AR5: Projections 



IPCC AR5: Projections 



IPCC AR5: Climate Extremes 

‘Several new attribution studies have found a detectable 
anthropogenic influence in the observed increased 
frequency of warm days and nights and decreased 
frequency of cold days and nights. …’ 
 
‘… it is now very likely that anthropogenic forcing has 
contributed to the observed changes in the frequency and 
intensity of daily temperature extremes on the global scale 
since the mid-20th century. It is likely that human influence 
has significantly increased the probability of occurrence of 
heat waves in some locations’.  … 



IPCC AR5: Climate Extremes 
‘In land regions where observational coverage is sufficient for 
assessment, there is medium confidence that anthropogenic 
forcing has contributed to a global-scale intensification of 
heavy precipitation over the second half of the 20th century.’ 
 
‘Globally, there is low confidence in attribution of changes 
in tropical cyclone activity to human influence. This is due 
to insufficient observational evidence, lack of physical 
understanding of the links between anthropogenic drivers of 
climate and tropical cyclone activity, and the low level of 
agreement between studies as to the relative importance of 
internal variability, and anthropogenic and natural forcings. In 
the North Atlantic region there is medium confidence that a 
reduction in aerosol forcing over the North Atlantic has 
contributed at least in part to the observed increase in 
tropical cyclone activity there since the 1970s.’.  … 



IPCC AR5: Climate Extremes 

‘While the AR4 concluded that it is more likely than not that 
anthropogenic influence has contributed to an increased risk 
of drought in the second half of the 20th century, an updated 
assessment of the observational evidence indicates that the 
AR4 conclusions regarding global increasing trends in 
hydrological droughts since the 1970s are no longer 
supported. Owing to the low confidence in observed large-
scale trends in dryness combined with difficulties in 
distinguishing decadal-scale variability in drought from long-
term climate change, there is now low confidence in the 
attribution of changes in drought over global land since the 
mid-20th century to human influence.’ 



IPCC AR5: Climate Stabilization 



Perspectives 
 Human activities are placing pressure on the 

physical, ecological, and socioeconomic 
systems of our planet. 

 IPCC’s AR5 confirms continued changes of the 
climate system, most likely caused by human 
activities. 

 The impacts on individual subsystems are 
highly interconnected, typically in non-linear 
fashion. 

 The effects of human-induced global change 
are more and more visible and larger impacts 
are expected for the future. 

 We already have committed to climate change 
for centuries to come. Continued emissions of 
CO2 and other GHGs will exacerbate the 
associated problems. 



39 
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