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Methodology of producing  probabilistic climate change forecast. 
 

Climate change projections for 21st century. 
 

Relative contributions of economic and climate system 
uncertainties. 

 
Climate changes in high latitudes of Northern Hemisphere  

 
Conclusion. 



Main sources of uncertainties. 
 

Economics. 
Uncertainties in labor productivity, resource 
availability, population growth, and cost and 

availability of new technologies.   
 

Climate.  
Climate sensitivity, rate of the heat uptake by the 

deep ocean, strength of the sulfate aerosol forcing, 
and uncertainty in carbon uptake by the ocean and 

terrestrial ecosystem.  





From: Knutti et al. 2010: Challenges in combining projections from 
multiple climate models, J. Climate, 23, 2739-2758 



MIT Integrated Global System Model 





C = Co·(1.0 ± κ·ΔTsrf), 
where Co is a cloud fraction 
simulated by the model and 
ΔTsrf  is a difference of the 

global-mean surface air 
temperature from is values 

in the control climate 
simulation. 

This adjustment is applied, 
with different signs, to high 

and low clouds, - and + 
respectively.    







Global mean surface air temperature and carbon uptake by the ocean in simulations with the IGSM2.3 with 
different values of climate sensitivity and vertical diffusion coefficient (dashed lines)  and with matching 
versions of the IGSM2.2 (solid lines) for reference (a) and stabilization (b) emission scenarios.  



Large number of 19th - 20th centuries climate were 
carried out with climate model parameters (climate 
sensitivity, rate of heat uptake by the ocean and 
strength of aerosol forcing) varied over wide ranges. 
Probability distributions for climate parameters are 
defined based on comparing simulated and observed 
20th century climate.  
 
 
 
Probability distributions for economic model 
parameters are defined based on data for economic 
development over second half of 20th century  
 



The marginal posterior probability density function for S-Kv parameter space. The shading 
and thick contours denote rejection regions for significance levels of 10% and 1% 

respectively. Green circle and triangle indicate mode and a median on the distribution 
respectively. Red dots show values for Kv and S from 400 samples.  



Changes in global mean 
annual mean surface air 
temperature (top) and  in 
global mean annual mean 
ocean temperature for top 
3000 meters. 
Observations are from 
Jones, 2003 and Levitus et 
al (2005), respectively . 
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Global anthropogenic CO2 emissions. Black line and shaded regions 
show median, 50% (light) and 90% (dark) probability bounds for business 
as usual emissions. Blue lines median emissions for different policies. 
Red lines IPCC SRES scenarions. 



Global CO2 concentrations.  
Red lines show median, and 90% probability bounds from present 

study. Green lines indicate CO2 concentration for IPCC SRES 
scenarios (ISAM reference). 



Change in surface air temperature.  
Red lines show median, and 90% probability bounds from present study. Green 

lines indicate results of the simulations with version of the MIT IGSM with median 
values of climate parameters forced by GHG and aerosol concentrations from the  

IPCC SRES scenarios 



Total sea level rise.  
Red lines show median, and 90% probability bounds from present study. Green 

lines indicate results of the simulations with version of the MIT IGSM with median 
values of climate parameters forced by GHG and aerosol concentrations from the  

IPCC SRES scenarios 



 Frequency distributions for atmospheric CO2 concentrations (a), radiative forcing in 
simulations with full uncertainty (blue), emissions uncertainty (red) and climate 

uncertainty (green) averaged over 2091-2100. 



 Frequency distributions for surface air temperature increase (c), and total sea level rise (d) 
in simulations with full uncertainty (blue), emissions uncertainty (red) and climate 

uncertainty (green) averaged 2091-2100 



Median concentration, radiative forcing relative to 1860, and temperature 
change in last decade of 21st century relative to 1981-2000 average. 



Probability Distributions for Global Mean Surface Temperature Change; 
average for 2091-2100 minus average for 1981-2000 for different policies. 



Changes in sea ice area (106 km2) relative to 1981-2000 average.  
Solid line median; dashed lines 5% and 95% probability bounds. 

Numbers on each panel show sea ice coverage for reference period modeled (observed). 

15.3 (15.0) 10.4 (8.2) 

11.4 (3.9) 21.0 (17.7) 



Transient change in surface air temperature in simulation with median 
values of parameters for both economics and climate model.  



Latitudinal distribution of changes in SAT in the last decade of 21st century 
relative to 1981-2000 in simulations without climate policy. 

Solid line is median, dashed lines are 5% and 95% percentiles. 





Projected changes in 
decadal mean surface air 

temperature over land 
area north from 40N  
Solid line - median, 

dashed lines - 5% and 
95% percentiles  



 Frequency distributions for surface air temperature increase from 1981-200 to 2091-2100 
over land north from 40N (left) and 60N (right). Annual mean -blue, summer mean  - red 

and winter mean- green averaged 2091-2100 

40N 60N 



Projected changes in 
decadal mean 

precipitation (as % of 
1981-2000 value) over 

land area north from 40N  
Solid line - median, 

dashed lines - 5% and 
95% percentiles  



Frequency distributions for SAT increase over land north from 60N  
in 2091 to 2100 relative to the 1981 to 2000 average.  
Red – climate uncertainty only, black – full uncertainty. 

Horizontal bars – 5%-90% ranges 
Vertical bars - medians 



Summer (JJA) soil 
temperature averaged 

from 0 to 1 m in 
simulation with median 

values of climate 
parameters and 
reference GHG 

emissions. 
Dashed line - 0oC 

Natural methane 
emissions (Mt CH4/year) 
in simulation with median 

values of climate 
parameters and reference 

GHG emissions. 



Projected changes in decadal mean natural CH4 emissions 
north from 40N  

Solid line - median, dashed lines - 5% and 95% percentiles  



Frequency distributions 
for SAT increase over 
land north from 40N  
in 2091 to 2100 relative 
to the 1981 to 2000 
average.  





Changes in surface air temperature in simulations with BAU 
scenario. 



Conclusions. 
•  Projections of climate changes show that in the absence of any climate policy by 
the end of the 21st century global averaged annual mean surface air temperature 
will be increase by  3.5oC - 7.4oC (90% probability range) relative to 1981-2000, 
with the median value of 5.2oC. 
• Uncertainties in projected surface warming associated with the uncertainties in 
GHG emissions are similar to the those associated with the uncertainties in 
climate system characteristics. While uncertainties in the sea level rise due to 
thermal expansion of the deep ocean are primarily associated with the 
uncertainties in the climate parameters.  
•   Over the same period temperature over land area north from 40oN will rise 
between 4.7oC and 9.2oC, with warming being significantly larger during winter 
than during summer 5.8oC to 11.5oC compare to 3.5oC to 7.0oC. Corresponding 
median values are 6.7oC, 8.3oC and 5.1oC, respectively.  
•   Natural methane emissions from wetlands north from 40oN will increase by 38 
to 83 (Mg CH4)/year or 1.7-2.4 times relative to present. However even in 
simulations with very high warming (near upper bound of 90% range) methane 
emission from northern wetland are only about 10-15% of anthropogenic 
emissions. As a result an effect of the increase in natural emissions on surface 
temperature is very small. 
•   Even under rather stringent climate policy there is about 75% probability of 
surface warming over land area north from 40oN exceeding 2oC relative to 1990s.  


