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A shaft of light into the black box of CGE models for energy and environmental analysis

Extended abstract:

CGE models are useful and widely applied tools in studies of energy policy reforms and the environment , because they are able to grasp the complicated interplay between the development of economic variables, energy policy and environmental goals. However, interpreting, substantiating, and presenting results of simulations on large-scale models are challenging. This paper introduces pedagogical devices that may be used to shed light into the else black box of CGE models, in order to sort out the main driving forces behind the simulation results of policy shifts. 

I apply the framework on two revenue-neutral energy tax reforms aimed at reducing CO2 emissions (see Fæhn, Gómez-Plana and Kverndokk (2005): Can a carbon permit system reduce Spanish unemployment?, DP 410, Statistics Norway.) The policy example is motivated by the frequently expressed concern for social costs of increased energy prices following environmental reforms, and by the resulting double dividends debate on possible economic gains in terms of efficiency or employment that can counteract the costs caused by introducing green tax wedges; see Goulder, L.H. (1995): Environmental Taxes and the Double Dividend: A Reader’s Guide, International Tax and Public Finance 2: 157-183.

The CGE model is for Spain, an economy troubled by a CO2 emission growth severely exceeding their international commitments, as well as high unemployment. In particular, the model incorporates important features of the Spanish imperfect labour markets, and disaggregate structures of household utility, production and factor use, in order to represent relevant substitution possibilities decisive to energy use and CO2 emissions. 
Two independent, but complementary, analytical devices are introduced in order to support the CGE analysis. The first is a two-dimensional graphical exposition of the CGE equilibria; the second is a miniature representation of the model. The development of the analytical tools is inspired by a theoretical analysis of welfare effects of increased factor endowments. Our framework is extended to include equilibrium unemployment and a focus on unemployment effects (see Holmøy, 1992: The structure and working of MSG-5, an applied general equilibrium model of the Norwegian economy, in Bergman, L. and Ø. Olsen: Economic modeling in the Nordic countries, contributions to economic analysis, Elsevier Science). 
In the diagrammatical exposition the CGE model is reduced into a two-equation system. We use simulations of the CGE model to identify the slopes and the shifts of the corresponding curves. The l-curve represents the combinations of welfare, WF, and unemployment rate, U, that ensure unemployment-adjusted labour market balancewhen all direct and indirect effects of WF and U on the labour market are accounted for. d analogously expresses solutions that would fulfil an exogenous current account restriction. The figure shows the benchmark CGE solution (0), and the shifts and new equilibria of the CO2 tax reform with (B) and without (A) recycling: 
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To understand which main mechanisms cause the slopes and the shifts, I set up the second analytical device, a miniature model. By reducing that stylised model into two equations corresponding to the graphical representation, we are able to identify the main economic driving forces determining the shifts, the most prominent being effects on competitiveness, home market demand and factor substitution. We learn that the two former cause the upwards shift in the curves when CO2 taxes increase. Because subsequent wage reductions stimulate labour demand, the effects on U are offset and only WF alters. This mirrors that the fossil fuel intensive part of the Spanish economy is not very labour intensive, and only small amounts of labour is released by its contraction. Reduced payroll taxes cause opposite shifts and succeed in reducing unemployment rates. Besides favourable effects on competitiveness and home markets, a factor substitution effect in favour of labour lies behind the relatively large shift in l. 
Our experiences from exploiting these devices are that they add insight into the simulated general equilibria. The miniature model reflects some main mechanisms in the large model while being less of a black box. However, since we cannot be sure whether we simplify at the expense of important mechanisms, it should be used with care. The main advantage of the graphical exposition is its analogy to partial market diagrams, a device that economists are familiar with. We exploit analogous interpretations, however, since the simulated curves have no behavioural interpretations, we know little about them outside the equilibria. This is especially important to have in mind when large reforms are analysed. The devices can never substitute for CGE analyses. We need to combine their information with detailed studies of features of the model, parameters and exogenous variables. To increase the liability of the supporting tools, it is also important to gather experience with the CGE model at hand by using similar procedures also in studies of other policy shifts and other calibrated benchmarks. 
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