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What are IA models? 
 Nordhaud(2011): These are 

models that include the full 
range of cause and effect in 
climate change (“end to end” 
modeling).  

 Kelly, Kostad(1998): We define 
an integrated assessment 
model broadly as any model 
which combines scientific and 
socio-economic aspects of 
climate change primarily for the 
purpose of assessing policy 
options for climate change 
control. 

 Weyant,et. al. (1996) :defines 
integrated assessment even 
more broadly as any model 
which draws on knowledge from 
research in multiple disciplines. 
 

 

 Importance: Climate Change has 
become one of the most 
controversial issues in multilateral 
interactions. 
 

 Complexity: The climate change 
modeling involves Carbon cycle, 
Economic impacts, Climate 
feedback, Policy intervenes, 
Technological changes etc. 
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• 1992, DICE：Nordhaus & 
Yang  
 

• 1996，RICE：Nordhaus & 
Yang 
 

 
• 2010, DICE-2010, Nordhaus 

 
• …… 
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Economic growth 

Technological change Terrestrial ecosystem 

Global trade 

International finance 

Ocean 



 
 Fail to take account of the endogenous on 

Research and Development  
 

 Fail to take account of the different 
speeds on technological change between 
developing countries and developed 
countries 
 

 Without development in China and India, 
they will be lack of ability for 
technological change to reduce emissions 
 
 

 Excessive emission reductions in China 
and India will impact the global 
production chain substantially 
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 MRICES: Multi-Regional dynamic Integrated model of Climate and 
Economy with GDP Spillovers 
 

 Regional partition in MRICES: 
◦ 6 regions: USA, Japan, Europe Union(EU), China, Former Soviet 

Union(FSU) and Rest of the World(ROW) 
 

◦ 8 regions: China, the US, the EU, Japan, high human development 
countries (HHDC), medium human development countries (MHDC), low 
human development countries (LHDC) and other developed countries 
(ODC) 
 

◦ 8+1 regions 
 

◦ 10 regions: China, US, Japan, EU, Russia, India, High-income, upper 
middle income, lower middle income, low income 
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 Components: 
◦ Economic system 

 
◦ Climate system 

 
◦ GDP spillovers 

 
◦ Endogenous 

technological change 
 
◦ Terrestrial ecosystem 
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 The production is given by Cobb-Douglas  
production function with regional capital and 
labors. 
 

 Any policy on emission mitigation will 
influence the corresponding regional utility. 
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 The relationship between the climate change and 
exogenous labor productivity is given by: 
 
 

     is the coefficient for emission control,      
      is the fractional loss in aggregate GDP from 

3℃ temperature increase,       
      is the average surface temperature relative to 

pre-industrialization in ℃. 
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 Gross emission 

2012/10/2 11 



 Carbon cycle 
 

 
 

 Global temperature 
 

Retention rate Depreciation rate 



 The Mundell-Fleming model originally 
presented in Douven, Peeters(1998) is adopted 
to simulate GDP spillovers in MRICES.  
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•the US, the EU, HHDC and MHDC promote the GDP growth in 
China with positive coefficients 
 

•China also makes positive influences on the US, the EU, HHDC 
and MHDC, in which the promotion on HHDC is the biggest with 
MHDC following 
 

•the US and China promote most countries’ (regions’) economies, 
reflecting the importance of keeping economic growth in China 
and the US in world development. 

 China US Japan EU HHDC MHDC LHDC ODC 
China 0 0.329 −0.647 0.262 0.553 1.738 −1.03 −0.925 
US 0.115 0 0.135 0.43 0.119 −0.427 −0.139 0.331 
Japan −0.116 0.069 0 0.54 0.441 0.861 −0.571 −0.245 
EU 0.07 0.326 0.799 0 −0.341 −0.802 0.608 0.443 
HHDC 0.266 0.163 1.181 −0.616 0 −1.105 1.1 0.507 
MHDC 0.231 −0.162 0.636 −0.4 −0.305 0 0.55 0.517 
LHDC −0.289 −0.111 −0.896 0.644 0.644 1.169 0 −0.607 
ODC  −0.227 0.232 −0.335 0.409 0.259 0.956 −0.53 0 
 



 From the view of technological change, we focus on 
learning-by-doing in fossil and non-fossil fuel use. 
 

 Through learning-by-doing, costs for energy 
production investment and energy maintenance 
reductions .     
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 Convergence in accumulated carbon  
emissions per capita 
 

 Convergence in carbon emissions per capita 
 

 The scheme with global economic growth 
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 Strategy: 
◦ the US, Japan, the EU and ODC cut emissions 80% 

by 2050 on 1990 level,  
◦ the HHDC cut 50% by 2050 on 1990 level 
◦ all the above keep the total emissions of 2050 by 

the year 2100,  
◦ no emission reductions in developing countries. 
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 Accumulated carbon 
emissions per capita by 
2100 in scheme 0 
 

 Even  developing countries 
do not participate in 
emission reduction, the 
cumulative per capita 
carbon emissions of 
developed countries are still 
significantly higher than 
those of the developing 
countries, though great 
reduction is taken in 
developed countries. 
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 The global atmospheric concentration of carbon 
dioxide equivalent is approximately 506 ppm by 
2050  

 The temperature raise will be 2.35°C by 2100. 

2012/10/2 22 

The accumulated Ramsey utility per capita 



 Strategy: 
◦ all countries start to cut emission in 2020, 
◦  China cut emissions 18% and 15% on 2005 level by 

2050 and 2100 respectively,  
◦ the US, Japan, the EU and ODC cut emissions 82%, 

65%, 67% and 71% on 1990 level by 2050 
respectively,  
◦ HHDC cut emissions 50% on 1990 level by 2050, 
◦  MHDC keep equivalent with 2005 level,  
◦ low developing countries do not participate in 

emission reduction 
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 Carbon emissions 
per capita in 
scheme 1 
 

 the carbon emissions per 
capita in each country are 
almost equal to 0.78 tC in 
2100 except MHDC and LDHC.  
 

 Japan ranks the lowest with 
0.78 tC per capita, the US is 
the highest with 0.8 tC 
 

 The emissions per capita of 
China are 0.79 tC, almost 
equal to that of the other six 
countries.  
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 The global temperature rise by 2100 is 1.97°C,  
 

 The CO2 concentration by 2050 is about 452 ppm, 
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Accumulated Ramsey utility per capita The change of accumulated Ramsey utility in scheme 1. 



 Strategy: 
 China starts emission reduction from 2030 and reduces 

emissions 15% by 2050 on 2005 level, and reduces 25% by 
2100 on 2005 level.  

 All developed countries and HHDC start emission reduction 
from 2020.  

 The US reduces 80% by 2050 on 1990 level and keeps the 
same by 2100.  

 The EU and ODC reduce 80% by 2050 on 1990 level and 
keep the same by 2100.  

 Japan reduces 70% by 2050 on 1990 level and keeps the 
same by 2100.  

MHDC peak by 2020 via emission intensity reduction and 
keep the same by 2100. 

  LHDC do not participate in any reduction 
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Accumulated carbon emissions  
per capita by 2100 in scheme 2 

Carbon emissions per capita in scheme 2 



 The global carbon dioxide concentration by 2050 is 
409.5 ppm 
 

 The global temperature rise is 1.95°C by 2100 
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Rate of change of Ramsey The Ramsey utility per capita 



 The global carbon 
emissions by 2100 are 5.96 
and 4.26 GtC in schemes 1 
and 2 respectively. 
 

 The 2011-2100 
accumulated carbon 
emissions drop to 448.8 
GtC from 471.1 GtC.  
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The global carbon emissions 
 in schemes 1 and 2. 



 GDP in the two schemes is 
almost overlapped, meaning 
the same growth trend of 
GDP in the future 
 

 The accumulated GDP and 
Ramsey utility in scheme 2 
are also higher than that in 
scheme 1.  
 

 Scheme 2 gets more 
emission reduction and less 
temperature rise, but the 
economic efficiency is 
better than that of scheme 1. 
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GDP comparison between two schemes 



 Many aspects in IAMs have to be improved in the 
future 
◦ Technological change 
◦ Economic interactions 
◦ Carbon cycle 
◦ … 

 Pay close attention to the developments in 
developing countries when making mitigation 
schemes 
 

 Adhere to the principle of common  but 
differentiated responsibility  
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