
IPCC Chapter 12: Long- 
term climate change: projections, 

commitments and irreversibility 

2 

GEF4400 “The Earth System” – Autumn 2015                                                                     23.11.2015  

Collins, M.,et al., 2013: Long-term Climate Change: Projections, Commitments and Irreversibility. In: 
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,. 

• Introduction and Background (from Chapter 10 and 11) 

• Climate Model Ensembles and Uncertainties (Section 12.2) 

• Projected Climate Change over the 21st Century (Section 12.4) 

• Executice Summary (Ch. 12) 
 



Chapter 12:  
Long-term climate change …  

This chapter assesses climate projections on time scales beyond those 
covered in Chapter 11, that is, beyond the mid-21st century.  

 

• No deterministic, definitive prediction of how climate will evolve over 
the next century and beyond is possible (in contrast to weather forecast). 

   

• Projections of climate change are uncertain, because: 1) they depend on 
uncertain future forcing scenarios, 2) of incomplete understanding and 
imprecise models of the climate system, 3) the existence of internal 
climate variability →term “climate projection”. 
 

• However, it is possible to understand future climate change using 
models and to use models to characterize outcomes and uncertainties 
under specific assumptions about future forcing scenarios. 

 

• New in contrast to AR4: new RCP scenarios, new model developments, 
higher spatial resolution, new types of model experiments, baseline 
period now 1986-2005, climate change scenarios beyond 21 century. 3 

Introduction 



Detection and Attribution Signals 

 

― good higher data coverage 
--- adequate data coverage 
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Detection and Attribution Signals 

― >50% / good higher data coverage 
--- <50% / adequate data coverage 
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Scenario-Model-Climate Projection Chain 

Uncertainty propagates through the chain and results in a spread 
of ESM projections →spread is assessing projection uncertainty. 17 



IPCC forcings for GHG 

Chapter 8 IPCC 2013 (www.climatechange2013.org) 

Meinshausen et al., 2011 
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SRES: Special Report on Emissions Scenarios (TAR, IPCC 2000) 
RCP: Representative Concentration Pathway 

 

Recap 



Global Mean Radiative Forcing  
between 1980 and 2100 
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RCP: Representive Concentration Pathway, ACCMIP: Atmospheric Chemistry Climate Model Intercomparison Project 
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12.4 Projected Climate Change 
over the 21st Century  
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Atmosphere 
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RCP scenarios - RF 
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Chapter 1 IPCC 2013 (www.climatechange2013.org) 

RCP: Representive Concentration Pathway, ECP: Extended Concentration Pathway 

Recap 
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Chapter 1 IPCC 2013 (www.climatechange2013.org) 

RCP scenarios - GHG Recap 



Projected climate change beyond the 21st century  
wrt 1986-2005, CMIP5 concentration-driven 
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RCP2.6 

RCP8.5 

RCP6.0 

RCP4.5 

… > 2σ 

\\\ < 1σ 



CMIP5 multi model mean changes  
(wrt 1981-2000) 
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CMIP5 multi model mean changes  
(wrt 1981-2000) 

<0C 

>20C 
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CMIP5 multi model mean changes  
(wrt 1986-2005) 

… > 2σ 

\\\ < 1σ 
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CMIP5 multi model mean changes  
(wrt 1986-2005) 

… > 2σ 

\\\ < 1σ 

• Stronger changes in higher RCPs. 
• Large increases in winds are evident in the tropical stratosphere.  
• Poleward shift and intensification of SH tropospheric jet (RCP4.5/8.5) → increase in SH UT meridional 

temperature gradient.  
• NH, the response of tropospheric jet is weaker and complicated due to additional thermal forcing of polar 

amplification.  
• In RCP8.5 at the end of 2100: NH, the poleward shift is ~1°,;in the SH, poleward shift is by ~2°. 
• A strengthening of the SH surface westerlies. 
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Change in winter, extratropical storm track 
density - CMIP5 MMM changes wrt 1986-2005 

NH: DJF 

SH: JJA 

… >90% model  

agreement 



Cryosphere 
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Sea ice concen- 
tration >15% 
  

(in %) - CMIP5 MMM 

62 ―1986-2005 observations 
    of 15% sea ice conc. limit 



September Arctic sea ice extent-CMIP5 RCP8.5  
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Disappearance of the September Arctic sea ice remains wide: 2020–2100+ (2100+ = 
not before 2100) for the SRES A1B scenario and RCP4.5 (Stroeve et al., 2007, 2012; 
Boé et al., 2009b; Wang and Overland, 2009, 2012; Zhang, 2010b; Massonnet et al., 
2012) and 2020–2060 for RCP8.5 (Massonnet et al., 2012; Wang and Overland, 2012).  


