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Important GHG sectors 

CGE models are often used for the study 

of economic impacts of climate change 

policies on the economy. 

Most modern economies consist of two 

sectors which are significant in terms of 

GHG emissions: electricity generation and 

transport sectors. 



Important issues 

Electricity generation sector is dominated 

by issues of technological change; 

transport sector is concerned with issues 

about behavioural change 

How to model these types of issues in a 

CGE model?  



ELECTRICITY SECTOR 
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Technologies in the Electricity sector 

Electricity is produced from a combination 

of different technologies using coal, oil, 

gas, nuclear energy,  biomass, wind/solar 

energy, etc. 

Each technology can be represented (in a 

top-down CGE model) by a production 

function/process describing the various  

combinations of fuels, labour, capital, and 

other inputs into its production 



Technology substitution 

The question is: how to model the 

‘substitution’ between these production 

(functions/processes): 

 Mathematical programming   

 Aggregate production function approach 

 Strategic behaviour of industry suppliers  



Mathematical programming 

Mathematical programming seeks to 

explain ‘substitution’ between 

technological processes by relying on the 

principle of material (energy) balance and 

the imposition of physical (capacity) 

constraints: 

 The method is elegant, powerful but often  

extremely difficult and cumbersome to be 

integrated into a large scale top-down model 



Aggregate production function 

Aggregate production function approach 

(CRESH, Logit functions as used in 

MEGABARE, GTEM, SGM models, etc.) 

relies on the assumption of imperfect 

substitution between alternative 

technology outputs: 

 The method is simple and can easily be 

incorporated into a CGE model, but it is often 

artificial, arbitrary, and can be highly 

inaccurate in describing reality. 



Strategic behaviour  

 Strategic behaviour of industry suppliers 

can be used to explain different shares of 

technologies in the electricity market, 

based on the assumption of product 

heterogeneity on the cost side, even if the  

outputs of all technologies are 

homogeneous from the demand side. 



Strategic behaviour in CGE  

Conventional CGE models do not adopt 

this approach because of the assumption of 

perfect competition (PC) in the electricity. 

But PC  is highly unrealistic, given that 

electricity production is often characterised 

by a mixture of constant and increasing 

returns to scale (IRTS) production 

processes, in many cases with large fixed 

costs. 



Constant returns to scale 
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Quantity responses under perfect 
competition assumption 
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Marginal cost (MC) and average fixed cost (AFC) 
for various technologies in different countries 
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Mark-up  = AFC/(AFC+MC) 
elasticity = 1/mark-up 
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Base data (2004) – GTAP7, IEA 
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Base data (2004) – GTAP7, IEA 
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Base data (2004) – GTAP7, IEA 
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Experiment  – effects of European Emission 

Trading Scheme for the Electricity sector 



TRANSPORT SECTOR 
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Transport  sector  is characterised by 
behavioural decisions at a disaggregate level 

Discrete choice (DC) modules are often 

used in bottom-up transport-land use 

models to look at issues of behavioural 

change 

They are rich in details at a disaggregate 

(individual) level, but weak in details 

concerning economy wide-linkages, the 

latter are better handled by continuous 

aggregate demand (CD) model  



Link between transport behavioural decisions 
and economy wide policies 

There have been studies which look at the 

conceptual link between DC and CD 

models within the neoclassical framework. 

However, none so far has actually 

incorporated a “true” DC module (one 

estimated based on disaggregate data) 

within a CGE framework with links to CD 

modules 
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TRESIS – a bottom-up transport 
land-use model for Sydney 
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Note:  

i) Number in brackets indicates the 

order of evaluating model in a 

sequence 

ii) Dashed arrows indicate inter-

dependency among related models  
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SGEM is a top-down CGE model for the 
Sydney Metropolitan Area (SMA) 
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A simple linkage between DC and CD 
modules within TRESIS-SGEM 

Continuous Aggregate Demand for 

housing and travel activities 
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Residential Location 
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a spatial (location) element 
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Effective Employment Density in each of the 14 zones 

by Occupation categories (ABS 2006 Journey to Work)) 
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An IIlustative experiment 
North-West Rail Link (NWRL) Project 
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Work location choice results 
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Household fleet size choices  
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Household vehicle type choices 
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Conventional users benefits and wider 
economy impacts. 



Conclusions 

 Significant policy impacts are evaluated at 

the aggregate economy wide level, but 

effective policy designs are often set at the 

disaggregate individual consumer/producer 

level. 

 To inform policy makers with well designed 

policy studies, therefore, it is essential to be 

able to combine the uses of both bottom-up 

and top-down models within a common 

framework, such as a CGE model 
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Thank you 


