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CGE Peer Review of Environmental Extension 
This report complements the CGE Peer Review of the Tax Model. The latter discusses the characteristics of the HMRC core CGE model destined for the economic impact assessment of fiscal reforms. The core model adopts an intertemporal small open economy framework of exogenous growth with multiple production sectors and multiple households calibrated to empirical data for the UK economy. Our CGE Peer Review of Tax Model finds that its basic implementation meets the requirements of state-of-the-art CGE-based tax policy analysis.
The CGE Peer Review of Environmental Extension addresses the questions raised in the call for tender on the environmental extension of the core tax model. The key objective of the environmental extension is to accommodate the economic impact assessment of CO2 emission abatement strategies for the UK. The extension consists of three main components – (a) the model calibration to exogenous CO2 emission data, (b) the model representation of CO2 abatement possibilities, and (c) the model implementation of policy-relevant CO2 abatement strategies. We find that these components are in general executed in an appropriate manner but suggest specific refinements to further increase the accuracy and functionality of the model package to climate policy analysis, in order to make use of new developments in environmental CGE.



A. Model calibration to exogenous CO2 emission data
Base-year emission data 

Exogenous base-year CO2 emissions from combustion are linked in fixed proportions with intermediate and final input demand of fossil fuels. Non-input specific CO2 emissions, i.e. process-based CO2 emissions in industrial processes such as pig iron production, cement production or chemical production, are linked in fixed proportions to production activities. 
We recommend alignment of the industrial process emissions with data from the most recent UNFCCC GHG inventory data base. 

Emission trajectories
The costs of complying with future emission regulation are directly linked to the structural characteristics of the economy exhibited in a hypothetical business-as-usual (BaU) situation without such emission regulation. High economic growth, for example, leads ceteris paribus to high energy demands and emissions. When emission reduction constraints are stated with respect to historical base years (such as 1990 or 2005 in the context of Post-Kyoto commitments until 2020), high economic growth will increase the effective abatement requirement from BaU emission levels and thereby induce higher economic adjustment cost. The HMRC core model is forward projected along a steady state growth path where all physical quantities (including CO2 emissions) grow at an exogenous uniform rate while relative prices remain unchanged. The virtue of a steady-state baseline is that it provides a transparent reference path for the evaluation of policy interference. Any structural change in the counterfactual can be attributed to the new policy. Such a steady-state forward calibration, however, lacks policy appeal. Policymakers are typically confronted with off-the-steady-state projections for non-uniform growth rates across physical quantities (e.g. emissions may grow at a different rate to output even in the absence of policies) and heterogeneous structural dynamics. Off-the-steady-state exogenous baseline projections pose considerable challenges to CGE-based policy analysis as the latter stands out for a high degree of endogeneity in economic variables. The current implementation of CO2 projections in the HMRC model adopts a simplistic approach where differences between the steady-state reference CO2 emissions and the off-the-steady-state CO2 projections provided by DECC (based on the published Updated Energy & Emissions Projections without policies) are superimposed via implicit carbon emission efficiency improvements (without demand reductions in fossil fuel inputs).

We recommend an iterative baseline calibration procedure where cost and expenditure functions are successively recalibrated to match exogenous emission projections in line with assumptions on GDP growth rates, fossil fuel supply prices, and energy demands by sectors. This iterative calibration adjusts energy demands that are proportional to emissions. Changes in energy costs (through underlying improvements in energy efficiencies) are balanced through compensating changes in the cost of other inputs to keep on an isocostline from a partial equilibrium perspective. In this way, the general equilibrium feed-back effects are kept to a minimum. 

Coverage of CO2 emissions by sectors
The choice of sectors in the input-output tables used for calibration of the model ultimately depends on the information provided by the UK statistical office. In general, the sector disaggregation should capture sufficient details on sector-specific differences in factor intensities, degrees of factor substitutability and price elasticities of output demand to trace the structural change in production induced by policy interference. As to assessing the impact of CO2 abatement strategies, the UK dataset identifies coal, crude oil, natural gas, refined oil products and electricity. This disaggregation is essential to distinguish primary and secondary energy goods by carbon intensity and degree of substitutability. The dataset furthermore includes various carbon- and energy-intensive commodities (e.g. chemical products, iron and steel, cement, basic metals, air transport) with significant shares of international trade that are potentially most affected by (unilateral) climate policies. 

We recommend that (starting from the most disaggregate economic and compatible emission accounts for the UK economy compiled by the UK statistical office) the modelling package should include flexible and user-friendly aggregation routines to generate alternative composite datasets responding to the demands of the specific policy issues under investigation, as is the case for HMRC’s taxation model.

B. Model representation of CO2 abatement possibilities

Functional forms – choice of nesting and elasticities
The steepness of marginal abatement cost curves captures the ease of CO2 abatement in production and consumption. CO2 emission abatement can take place by fuel switching (inter-fuel substitution) or energy savings (either via energy efficiency improvements or the scale reduction of production and final demand activities). Costs increase as the cost curve steepens. An accurate model description of abatement possibilities in production and consumption is a prerequisite for realistic estimates on the direct costs of emission mitigation. In standard CGE analysis, abatement cost curves are implicit to the aggregate top-down representation of technologies and preferences through continuous functional forms (production and utility functions) that describe trade-offs between inputs (outputs) in terms of  substitution (transformation) elasticities. Cross-price elasticities between different energy inputs, non-energy intermediates as well as factor inputs (most notably, labour and capital) in production govern the extent to which CO2 emission abatement (incentivized by CO2 emission pricing) will take place. The nesting structure and choice of cross-price elasticities of substitution are crucial for a proper evaluation of the quantitative effects of policy reforms. The current model specification adopts a standard KLEM-CES (Constant Elasticity of Substitution) nesting structure (see figure 1 below) where a Leontief aggregate of (non-energy) material inputs trade off at the top level with a composite of value-added and energy. At the next level the value-added composite is combined with an energy composite. At the bottom level the value-added composite consists of primary factors labour and capital whereas the energy composite consists of the various energy goods.

We recommend that the energy composite in production and consumption could be further nested to capture different degrees of substitutability across various energy goods (currently the model assumes the same degree of substitutability between each energy type). In addition, the choice of KLEM nesting and associated CES elasticities should be rooted in the empirical literature. The CGE modelling language MPSGE used for the implementation of the HMRC model accommodates the transparent and relatively painless representation of nested CES functions. Thus, it is quite manageable to specify alternative empirical estimates for KLEM functions and test the robustness of results with respect to different functional forms.

Figure 1: Production structure in the energy sectors
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Integration of bottom-up CO2 marginal abatement cost curves 

The explicit inclusion of bottom-up estimates of the incremental impact on costs and fuel demand of policies (in essence forms of marginal abatement curves for CO2) in addition to abatement possibilities captured through top-down CES input substitution and output scaling of economic activities is challenging and potentially inconsistent. As mentioned above, the marginal abatement cost curves at the industry or final demand level is implicit to the choice of nesting structure and cross-price elasticities in the top-down CES cost and expenditure functions of the CGE model. Costs (for investment and operation) and benefits (in terms of reduced CO2 emissions and energy savings) of CO2 abatement triggered by CO2 emission pricing are captured by means of changes in input choices responding to changes in relative input prices. Superimposition of additional bottom-up marginal abatement cost curves would lead to constrained solutions and potential overlaps depending on how it is implemented. 

We recommend a careful cross-check of the CO2 abatement curves implied by continuous CES cost and expenditure functions with external bottom-up estimates on the cost and potential of discrete CO2 abatement measures. It is in principle possible to calibrate the top-down functional forms such that they approximate the information of bottom-up marginal abatement cost curves.

Short-run versus long-run adjustment possibilities
The current model specification features adjustment costs related to the introduction of new capital which mimic the incomplete mobility of capital across industries as well as the installation cost of capital (i.e., the costs of adjusting capital toward its optimal level). Elasticities in production and consumption are kept constant over time.

We recommend inspection of complementary or alternative approaches to represent differences between short-run and long-run adjustment possibilities to emission constraints. As a relatively simple variant, one could consider to change time-invariant elasticities into time-variant elasticities in order to reflect empirical evidence between lower short-run and higher long-run elasticities of input demands. Alternatively, one could consider a partial putty-clay specification where a larger share of the initial production capacity operates with the fixed coefficients and substitution possibilities between various forms of energy, labour, capital and material are possible only for a the residual share of the initial production (capital stock)  and new investment. The (partial) putty-clay formulation does not only reflect differences in short-run and long-run elasticities but also accommodates premature retirement of extant capital. 

On the investment side, there is a need to model the upfront investment impact combined with  a longer-run payback through energy prices.  Currently the CGE modelling does not reflect that upfront capital investment costs in the electricity sector will be financed through energy prices over the lifetime of the investment – for example through regulatory measures such as guaranteed prices for electricity generated. Rather, the upfront capital costs immediately feed-through to increased energy prices.  

The time profile can be captured through investment lags which effectively spread the investment impact on energy prices over time. 

A more substantial change in the representation of production possibilities would adopt a hybrid bottom-up / top-down framework. A hybrid CGE model formulation then uses detailed activity analysis representation of alternative technologies for key sectors with respect to CO2 emission abatement (e.g. a technology sub model for the electricity generation sector) while production possibilities in other sectors are still described in a conventional top-down aggregate manner through continuous functional forms such as nested CES cost functions.

Direct integration of bottom-up engineering information into top-down CGE models 
The fundamental notion of CGE is that agents behave rationally and do not voluntarily drop options for minimizing production cost or expenditure. Their choices reflect best responses to prevailing price signals and institutional constraints. In this vein, energy efficiency beyond the first-best outcome of a competitive economy (without market failures and distortions) involves additional cost since it shifts resource to an economically inefficient degree of energy efficiency. Clearly, the reference situation may not be first-best. Beyond the greenhouse gas externality there are other market failures, e.g. asymmetric information (including principal-agent problems) or risk aversion towards new technologies which can explain the inefficient use of resources such as energy. However, it should be clear that policy measures to increase energy efficiency involve additional costs if the model does not capture market imperfections which could be ameliorated through such policy measures. Given the complexity and valuation problems of specific market failures the usual approach is to stick to a cost-effectiveness framework and quantify the differential cost of alternative policy measures to reach a given (energy efficiency) target. 

With a bottom-up methodology, the current approach adjusts the efficiency of energy inputs downwards in the baseline. Production functions are calibrated (ie, determining share parameters, elasticities in the function) using baseline data. Hence, having inefficiencies in the baseline is in a way capturing (proxing) the inherent efficiency in the production function caused by market imperfections. As part of the energy efficiency simulations, the efficiency level is reverted back to its original level to correct for the initial inefficiencies. This methodology does capture the elements of energy efficiency policies, but is not as comprehensive as the top-down approach proposed. In the bottom-up approach, we simply give firms more gas and less coal. The top-down approach entails changing the production function and its calibration to reflect the new production technology being implemented.
C. Model implementation of policy-relevant CO2 abatement strategies 
Emission allowances in sectors covered by the EU ETS
In the current model specification, the economic effects of grandfathering and auctioning are similar. The revenues (rents) from allowance sales enter the budget of the government with residual income being recycled lump-sum to the households. Allowances into sectors that are part of the EU emission trading system (so-called EU ETS sectors)  can be imported and exported at a given international allowance price suggesting infinitely elastic import supply and export demand functions. Allowance allocation to industries based on exogenous criteria – e.g., base-year emissions or outputs of industries – is logically equivalent to auctioning with lump-sum rebates to households. The opportunity cost of such static grandfathering is that revenues from allowance sales can’t be used to lower other distortionary taxes (instead of lump-sum recycling) and thereby reduce the overall marginal and inframarginal cost of raising public funds.

We recommend that – beyond investigating the opportunity cost of free allowances in terms of foregone options for reductions in other distortionary taxes – one could analyse free allocation from a dynamic (updating) perspective rather than in a static manner. Dynamic grandfathering can be represented as output-based allocation where free emission allowances are only allocated for free to qualifying sectors if these sectors use the implicit scarcity rent to subsidize their production. Then the opportunity costs of free allowance allocation are not limited to foregone tax reduction option but also involve output distortions. Within the EU ETS such output-based rebates are planned for installations in energy-intensive and trade-exposed sectors that are at significant risk of carbon leakage. 

Another potentially important feature of the EU ETS that could be implemented in future model extensions are banking and borrowing options for emission allowances.
Emission reductions policies for sectors outside the EU ETS
Under the EU Climate Action and Renewable Energy Package, each EU Member State has to meet an exogenous emission reduction target for its non-ETS sectors (the sectors that are not covered by the EU ETS) until 2020 and undertake respective abatement measures. In addition the UK has adopted a series of carbon budgets which place a restriction on the total amount of greenhouse gases the UK can emit over 5-year periods (the first 4 budgets covering the period 2008-2027 have been set in law). 

DECC provide HMRC with bottom-up estimates of the costs of reducing emissions to help meet these carbon budgets.   

Alternatively the model could be run to have a parallel domestic emission trading system to the non-ETS sectors where the budget for emission allowances is set to the exogenous emission target and revenues accrue to the public sector. This is equivalent to the implementation of a CO2 tax for the non-ETS sectors which is sufficiently high to meet the emission reduction target.

We recommend impact analysis of alternative regulations for emissions outside the EU ETS. Market-based regulation such as an output-based tradable permit system or a CO2 tax is likely to understate actual the cost of cutting down emissions in the non-ETS sectors. In policy practise, there is a bundle of discrete measures for the non-ETS sectors that will lead to the divergence of marginal abatement cost across non-ETS sectors and thus involve excess cost of emission abatement (in addition to the excess cost that are already created by the suppressed where-flexibility between the ETS and the non-ETS segments of the economy). 

International emission credits 
International credits from project-based abatement under the clean development mechanism (CDM) are represented as import activities where credits can be purchased from international markets at exogenous CDM prices plus eventual quota rents (as CDM import limits become binding). In the current model implementation, quota rents on CDM imports accrue to the CDM host country.

We recommend that regulatory prescriptions (supplementarity rules) for CDM imports to ETS and non-ETS sectors could be represented in more institutional detail including the attribution of scarcity rents (e.g. one could redirect such rents to the CDM importing country rather than to the CDM exporting country).

Overlapping regulation 
The economic impacts of CO2 emission reduction policies hinge on the pre-existing regulatory environment. Initial energy taxes and subsidies can critically alter the economic effects of carbon taxes or emission allowances. Likewise, policies to push the use of renewable energy or energy efficiency improvements interact with emission pricing. A prime example is the EU Climate Action and Renewable Energy Package with separate targets for emission reduction, the promotion of renewable energies, and energy efficiency improvements that have triggered a myriad of policy regulations at the EU and the Member State level. It is essential to scrutinize policy targets and instruments. Having more targets than instruments runs the risk of making targets incompatible; having more instruments than targets creates redundancies or costly overlaps. 

We recommend further refinements of the environmental extension to capture the implications overlapping energy and climate change policies.

International spillovers
CO2 mitigation in large open economies does not only cause adjustment of domestic production and consumption patterns but also influences international prices via changes in exports and imports. Changes in international prices (i.e. the terms of trade – measured as the ratio of a country’s exports to its imports in value terms) imply a secondary economic benefit or burden which can significantly alter the economic implications of the primary domestic policy. Some countries may shift part of their domestic abatement costs to trading partners, while other countries face welfare losses from a deterioration of their terms of trade even if they have not imposed domestic emission constraints. It is useful to distinguish spillovers from fossil fuel markets on the one hand and from non-energy markets on the other hand. With respect to spillovers on fossil fuel markets, cutbacks in international fuel demand of large open economies depress the international fuel prices thereby reducing the energy bill of fuel importers as well as revenues for fuel exporters. As to spillovers on non-energy markets, abating countries may be able to pass on part of additional production costs to other countries due to product heterogeneity of traded goods. Terms-of-trade changes affect the relative costs of producing goods in the particular country compared to the relative costs of producing these goods elsewhere. International spillover effects provide the background for leakage concerns in the case of unilateral climate policies as undertaken by the EU and its Member States. Production costs of energy-intensive installations could rise to an extent that companies decide to relocate production to areas outside the EU which are not subject to comparable emission constraints. Emission leakage through energy markets and international trade in energy-intensive goods can have important implications for the cost-efficient design of unilateral climate policies which are reflected in the EU provisions on free allocation of emission allowances to sectors “at risk” or border adjustment proposals such as import tariff on embodied carbon from trading partners without emission regulation.
We recommend – as a complementary model tool to the actual single-country framework for the UK – the development of a multi-regional or even global framework where the UK is explicitly represented together with key trading partners in order to capture important international spillover effects.
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