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The paper presents the modelling methodology and preliminary (non-official) results for Switzerland in the context of the Inclusive Forum on Carbon Mitigation Approaches (IFCMA) initiative. The IFCMA is the OECD’s initiative “to help optimise the global impact of emissions reduction efforts around the world”. The first part of the IFCMA project, is a stocktaking exercise of the different carbon mitigation approaches; the second part, and the subject of this paper, is an ex-ante modelling exercise to assess their comparative impact in terms of emissions changes. 

The first part of the paper is informative, it discusses the broad modelling strategy envisaged for the IFCMA. This strategy starts by setting reference projections: a set of consistent socio-macro-economic projections (i.e. elaborated with the same tool) for each IFCMA member country, as well as harmonizing the common historical databases. These projections will feed two types of models: i.) some country (or region)-specific sectoral bottom-up (BU) models, and ii) a global and dynamic CGE model (the OECD ENV-Linkages model). Then the modelling strategy relies, for each country, on BU models' assessment of emission impacts of currently implemented climate-related policies. The final step is to perform a top-down modelling assessment. This requires a soft linking of the CGE model to BU models: by transmitting changes in relevant variables due to policies calculated by BU models into the CGE (changes in technological costs, in production prices, etc). Finally, the CGE model will assess indirect impacts on emissions (on other sectors of the economy not covered by BU models) as well as feedback impacts (like how changes in macro conditions alter original changes from BU models).

The second part of the paper presents the construction of the reference projection for the modelling assessment for each IFCMA member countries. The macro-economic projections rely on OECD Long Term Model projections complemented with projections and some common assumptions about future energy trends based on the IEA world energy outlook. Energy and Emission historical databases come from national inventory complemented, if necessary, by IEA and JRC-EDGAR databases. The emphasis is placed on the two ongoing pilot studies for Switzerland and Chile. Indeed, the first phase of the IFCMA initiative focuses only on a few countries and policies (i.e., pilot studies) to "test" the feasibility of this modelling strategy before expanding it on a larger scale (covering all IFCMA country members and as many policies as possible). It should be noticed that the reference projection includes current policies related to climate (including regulation, price-based instruments, national infrastructure plans, etc.) but not project any future policies that are not yet legislated. In other words, the aim of the project is not to build scenarios about future trajectory of emissions, to reach some targets, etc. but to assess current (and historical) emission reduction efforts. 

Finally, the last part of the paper presents some preliminary results for the Switzerland Pilot study. The BU part of the analysis is done with a version of the JRC EU TIMES model and focus on “Buildings” and industry policies, including the “Swiss CO2 levy”, the EU-ETS and the “Swiss Buildings codes on energy consumption”. The paper explains how the resulting emission impacts and the changes in prices and quantity from the TIMES model are transmitted and reproduced in the OECD ENV-Linkages model. As far as possible policies (or policy package) are run one by one with the TIMES model and ENV-Linkages will adjust for each of them and not for all together. Then a comparison of BU and CGE assessment on emission will be discussed.   


Introduction: the OECD Inclusive Forum on Carbon Mitigation Approaches (IFCMA)

Greenhouse gas emissions from a wide range of anthropogenic activities contribute to climate change. Correspondingly, an ambitious set of mitigation actions is required, covering a broad set of sectors, products, gases, and economic agents. A system-wide perspective on how emissions are linked to economic activities and interactions between economic sectors is important to develop a comprehensive view on the impact of climate action on greenhouse gas emissions.
At the same time, sectors and countries differ significantly with regards to the sources of emissions, sectoral structure of the economy, natural resource availability, infrastructure development, and technology options. Differences in the policy approaches and instruments implemented in each sector further enhance this diversity. Pricing, regulation, investments, or other types of public intervention differ in how they affect behaviours, technology choices, and the corresponding impact on greenhouse gas emissions. Given this diversity, adopting an approach that takes country- and sector-specific circumstances into account is key for developing valuable insight into the potential impact of policy approaches and instruments on greenhouse gas emissions.
[ADD THE GENERIC PARA ON IFCMA]
[bookmark: _Hlk146640962]The modelling analysis undertaken for the Inclusive Forum on Carbon Mitigation Approaches (IFCMA) aims to develop and apply a consistent methodology to assess the effects of implemented climate-relevant policies on greenhouse gas emissions across a wide range of countries and sectors. The IFCMA’s quantitative modelling framework will capture both sectoral and economy-wide consequences of specific climate change mitigation action, marrying a broad system-wide perspective with country- and sector-specific detail. Linink sectoral models/approaches (offering a disaggregated representation of mitigation options) with the economy-wide Computable General Equilibrium models, the OECD ENV-Linkages model (Château, Dellink and Lanzi, 2014[12]), is the key modelling strategy of the project. Overall, linking sectoral models with CGE models can capture country- and sector-specific details while maintaining a broad coverage that includes economy-wide feedback effects.
Sectoral models are highly granular models that can represent technological, behavioural and policy detail while capturing a sector and country-specific context. This enables a granular assessment of emission changes associated with measures targeting specific emission sources. However, sectoral models provide an incomplete perspective on the emission changes in other parts of the economy or resulting from economic interactions across sectors, policies, agents, countries and through macroeconomic adjustments. In this paper the sectoral model chose is the EU-TIMES model than PSI is managing, it is a version of the EU JRC-TIMES model.
Economy-wide models, such as Computable General Equilibrium (CGE) models, represent a complete economy, including intersectoral-linkages and, in the case of the OECD ENV-Linkages model used in this paper, inter-country linkages. However, general equilibrium models are typically less detailed than sectoral models on technology options, definitions of goods and subsectors, and their possible interactions with policies. Furthermore, CGE models focus on market variables and often do not explicitly represent biophysical processes underlying climate, energy transformation, land use, crop growth or resource depletion. They provide a more generic or aggregate depiction of mitigation options than what is captured in detailed sectoral models (Delzeit et al., 2020[2]). Economy-wide models can represent emission changes resulting from policies taking into account the interactions between agents, sectors, policies, and countries. However, in these models the granularity of the representation of mitigation options and technological choices is limited. 
[bookmark: _Hlk144901396]Linking sectoral and economy-wide models offers a way to overcome their respective limitations, combining the granularity of sectoral modelling and the ability of economy-wide models to assess indirect effects of climate policy. For instance, improvements in efficiency in the energy supply sector can ‘rebound’ when other sectors expand output or energy use in response to lower energy prices, (partially) compensating the reduction in energy use due to energy efficiency gains (Lemoine, 2020[6]). Likewise, macro-economic and trade feedback effects, income effects, price effects, interactions with overlapping and complementary policies, fiscal interactions and tax revenue use, and labour market effects are channels that can amplify or mitigate the impacts of policies on greenhouse gas emissions. Combined, these indirect effects can exert a large influence over the total effect of policy measures on greenhouse gas emissions and are therefore important to capture.
On a technical level, several approaches exist to link sectoral and macroeconomic general equilibrium models, varying in the degree of model integration (Delzeit et al., 2020[2]). But since the IFCMA projects aims at providing a similar exercise for all country members (actually 41) and since it will relies both on sectoral models dedicated to each country and on ENV-Linkages it is not possible to undertake all the work at OECD. The strategy is that for each country a specific partnership will be elaborated with different teams managing some PE model (here PSI). For this reason the one-way linking of both is the only practical method here: the output of a model is used as an exogenous parameter or variable in the other, so that information flows only in one direction. One-way linking can be bottom-up when information flows from the granular model to the general one or top-down when information flows from the general to the granular model.. In bottom-up linking, the parameters in the general equilibrium model are adjusted so that its results are aligned with the predictions of the sectoral model. The One-way top-down linking is predominantly used to offer macroeconomic input to sectoral models. In top-down linking, the endogenous variables of the general equilibrium model are taken as exogenous inputs of the sectoral model. This mostly includes aggregate variables such as GDP, employment, or international fossil fuels prices, but it can also be extended to some other features, in the present paper TIMES model use for its reference scenario the projection for activity by aggregate sectors (55 sectors) and projection of some trade patterns from the OECD model.
Section1: An example of the IFCMA methodological framework in the Swiss Case
[bookmark: _Hlk164076288]Building on the evaluation of methodological options in the previous section, this section advances one approach with strong merits: one-way linking of sectoral and CGE models. Moving from a conceptual to operational modelling framework for the purpose of the pilots in IFCMA involves a number of steps. Concretely, the modelling strategy to assess the impact of policies on greenhouse gas emissions by linking sectoral models to the OECD economy-wide model ENV-Linkages (Château, Dellink and Lanzi, 2014[12]) involves three distinct steps (Figure 2), each of which is discussed in detail in the paragraphs below:
1. Harmonisation of inputs. The first step consists of setting up a common set of historical values (or common databases), including a stocktake of existing implemented policies, and in selecting a common set of macroeconomic projections for the main aggregate variables. 
2. Constructing a Reference scenario.  The second step of the strategy consists of building a harmonised “Reference scenario” for the models, using input from step 1 and exchanging information between different models.
3. Developing the Counterfactual policy scenario. The final and key step is to assess emission impacts of a policy (or a policy package) in sectoral models and use information from sectoral models to assess economy-wide impacts on emissions with ENV-Linkages.  

 Throughout the process, interaction with experts and key stakeholders can facilitate the development of a consistent methodological framework. Sufficient time must be devoted to foster a fruitful technical dialogue, as mutual understanding of the tools’ operation, strengths, and weaknesses will enable informed model linkage that exploits complementarities in an optimal manner. While organisational elements are certainly important in operationalising a methodological framework that involves multiple models and teams, this section focuses on technical, model-related aspects.




[bookmark: _Ref148715967][bookmark: _Toc150426525]Figure 3. Schematic representation of proposed approach to model linking
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[bookmark: _Toc150426517]Step 1: Collect and harmonise databases across models
The first and preliminary step of the IFCMA modelling strategy is to collect and harmonise the data across models for the base year and historical periods, and to harmonise socio-demographic and macroeconomic projections that will be used in Step 2. Micro- and macro-level data sources are often inconsistent. For instance, different sectoral definitions need to be harmonised. Similarly, the models might adopt different geographical disaggregation, meaning that importing and exporting countries are aggregated in regions that do not coincide. 
Data harmonisation starts from a comparison of existing data used in different models, calls for a prioritisation of key areas to harmonise and requires mapping the sectoral, geographical and time dimensions across models. This can be a tedious task, especially when it involves splitting of sectors when data is scarce. One important question is how to strike a balance between building on databases from national sources and leveraging internationally consistent sources. At a first glance, national databases may appear to be more comprehensive in their coverage (e.g. across time and sectors), and more up-to-date. Using national data could furthermore facilitate linking between economy-wide and country-specific sectoral models in the pilots, since national authorities as well as domestic modelling teams generally both rely on these domestic sources of information. 
On the other hand, internationally consistent databases offer an easier and more consistent treatment across countries, which is important for scalability in the context of the IFCMA. Furthermore, building on scientific or international efforts to collect and combine, gap-fill, and update data (sometimes with proxy data or ‘satellite’ accounts) will facilitate efficient use of resources when scaling up the modelling work. The pilots offer an opportunity to explore the trade-off between national and international datasets in the modelling work to better evaluate underlying challenges and opportunities, to reveal the importance of this choice in different circumstances, to identify cases where a deviation from globally harmonised datasets is valuable, and to develop strategies to reconcile advantages of different approaches.
The first key aspect to harmonise between models and potentially across countries is the historical data on greenhouse gas emissions. National sources are sometimes cumbersome to collect but are mostly compiled under the National Inventory Submissions by UNFCCC. Nevertheless, these national databases are typically incomplete in terms of year and country coverage. Using (and further harmonising) international databases like EDGAR (Crippa et al., 2022[13]), CEDS (McDuffie et al., 2020[14]), or data from US Environmental Protection Agency (EPA) or the International Energy Agency (IEA) (for CO2 emissions) is a relevant option that deserves consideration.  
The second key data inputs for economy-wide sectoral models are Social Accounting Matrices (SAM) from national accounts, including international trade. As exports from country A to country B need to match imports of country B from country A, and due to the input-output structure of the data, multi-country datasets of this type require reconciliation of different data sources. The ENV-Linkages model uses the GTAP database developed at Purdue University (Aguiar et al., 2022[15]), a unique dataset for economy-wide modelling.  Therefore, a multi-country analysis with the ENV-Linkages model is bound by the sectoral definitions used in the GTAP database.
A third set of inputs is to collect and to harmonize macro-economic and socio-demographic historical data and projections. The OECD long-term (macro-economic) model  (Guillemette and Turner, 2018[16]; 2021[17]) provides long-run socio-economic projections that are reviewed periodically by the OECD Economics Department committees. These projections are based on historical databases of the OECD Economic Outlook together with the UN and EUROSTAT population databases. In previous OECD reports, ENV-Linkages has already successfully relied on macro-economic variables coming from the OECD long-term model (see Annex A.1 of  IFCMA(2023)/9). Therefore, this approach constitutes a natural choice to build country reference scenarios in IFCMA. 
Finally, sectoral and CGE models also rely on sectoral historical data and projections, including information on energy and agriculture sectors. National data or international databases are both used to support the calibration of models used in the IFCMA. The IEA databases and projections are internationally consistent sources which are obvious candidates for collecting information on the energy system, and particularly for international fossil fuel prices. Likewise, the OECD-FAO database is a recognised international source for agriculture. 
[bookmark: _Toc150426518]Regarding data collection and harmonisation of policies, the stocktaking performed in Module One of the IFCMA feed the two models in building their reference scenario, ensuring that relevant policies from the stocktake are incorporated and represented in a consistent modelling framework
Step 2: Build common reference scenarios across models
The second step of the proposed IFCMA modelling strategy is the development of a common reference scenario for the models. Although the procedure to build the reference scenario for the sectoral models may differ from the ENV-Linkages routines since different models consider different endogenous and exogenous variables, the models should rely on a common set of  data and projections for the variables shared by both type of models, including common assumptions and projections concerning overlapping variables like the evolution of population, GDP, fossil fuel prices, trade, consumption, and production patterns (among others), to ensure a consistent starting point for the analysis. The implementation of the reference scenario accounts for country-specific characteristics, e.g. emphasizing elements of particular importance for country-level economic and environmental drivers. Importantly, the reference scenario is based on policy instruments relevant for climate change mitigation that are implemented. The representation of implemented policy instruments will be informed by the work of Module One of IFCMA. 
[bookmark: _Toc150426519]Step 3: Assess impact on emissions of policies across models
The third and main step is the development of the counterfactual scenarios, obtained excluding (or reverting) the policy that is being assessed. The procedure starts by estimating the emission impact of a specific policy (or policy packages) in the sectoral models. The second stage of the procedure is to implement the same policy (packages) in ENV-Linkages, this will require some adjustments in parameters and features of the CGE model to obtain similar output as in sectoral models. The procedure ends by running ENV-Linkages considering all policies together to assess the magnitude of indirect and spill-over effects of broad mitigation action. The implementation in ENV-Linkages of the specific policy and its resulting impact on emission extracted from the sectoral models is not as straightforward as in step 2, as two types of adjustment should be made. 
Firstly, to control for the magnitude of the policy in the CGE model, some structural parameters should be adjusted to align the impact of policies on emissions with the estimate of the sectoral models. In this step, it is generally not sufficient to only adjust the so-called scale parameters of the CGE. To guarantee that the CGE model “behaves” more closely to sectoral models, some structural parameters of the CGE will likely need adjustments[footnoteRef:1], including in the elasticities of substitution in the production function, the price-elasticity of demand, elasticities of supply, elasticities of transformation, and others (see examples provided in Annex)[footnoteRef:2]. Alternatively, the sectoral results could also be directly imposed on the CGE model, bypassing the normal endogenous adjustment processes of the CGE model. [1:  Sometimes the parameters adjustment is facilitated by the similarity of structural form for some economic relationship between sectoral and CGE model. For example, if in both model the system of final demand of consumers may be summarized by a matrix of cross price-elasticities and income-elasticity, the CGE model could directly use the matrix from the sectoral model. ]  [2:  The representation of technology adoption and the associated capital investment, which are crucial drivers of emission reduction, differs in sectoral and general equilibrium models. Harmonising technology and capital investment implies a combination of adjustments in energy productivity parameters and CES elasticities, allowing vintage-differentiated capital in the macro model, or relying on marginal abatement cost curves estimates (Weitzel, Saveyn and Vandyck, 2019[32]).] 

Secondly, to implement in a CGE the same policy used in sectoral models and their resulting effects on emissions, the policy shock should be translated to the dimensions of the CGE model, which considers less granular definitions of commodities and lower technology details than the sectoral models. In addition to greenhouse gas emissions, extra information should therefore flow from sectoral models to ENV-Linkages to enable a consistent treatment across models. The set of variables that are transferred from the sectoral to the economy-wide model will depend on the specific characteristics of the pilot study (e.g. sector and policy instrument considered) and the tools used for conducting the assessment at the sectoral level. Establishing common principles for data transfer and CGE model implementation is key to facilitate the scalability of the methodological approach and the comparability across countries. Building on the broad categories in the typology of policy instruments of Module One of the IFCMA, the paragraphs below illustrate potential data needs and implementation options of the economy-wide modelling for different policy instrument types. This identification of data needs can be further developed at more granular typology levels over the course of the pilots.

Section 2: Building the common reference scenario for TIMES and ENV-Linkages

2.1) Data and Projections
The discussion below assumes that:
· 2019 is the reference/starting year,
· 2020 the first year of simulation, 
· 2030 the last year for reporting IFCMA,  
· 2050 last year of TIMES model.

The desired time periods (simulation horizon) are: 
· 2025, 2030, 2035, 2040, 2045, 2050

The projection horizon is a subset of the simulation horizon and is considered after 2023.
The reference scenario should include at least the key energy and climate-related policies we want to explore in this project: current and historical policies from 2019 to 2024 as well as projected legislated policies up to 2030 for ETS, transport, buildings and industry policies described below. This includes the linking of the Swiss ETS and the EU-ETS since 2020, the EU-ETS for other associated countries as well as the 2023 revisions of the ETS Directive.

For the EU regions,  if it is possible, we aim to also take into account the other elements of the “Fit-for-55” packages (The EU-ETS 2 on heating and transport fuels, the Effort Sharing Regulation,  Social Climate Fund, etc.). We aim to work with the scenarios which PSI already has in place for the EU regions. 
Models inputs
In the TIMES model, population, GDP and broad sectoral composition of the economy are generally exogenous and taken as given in the optimisation programs (for optimisation models) or in the econometric relationships (for simulation models). In some instances, sectoral models require calibration to exogenously determined demand values by agents (for example the projection for energy products in TIMES models), price projections (for example production prices in partial equilibrium models with infinite elasticity of supply) or projections for some production, trade flows and import prices. 
Calibrating the CGE model to macro-economic projections is a straightforward exercise, routinely performed with the ENV-Linkages model in OECD reports. It involves adjusting a set of variables in the model to match (calibrate) the values of exogenous inputs when building the ‘reference scenario’. This implies ‘inverting’ the equations of the model: otherwise, endogenous variables are fixed to match exogenous values, and parameters that take an exogenous value in simulations are adjusted to ensure that the Reference scenario matches the data[footnoteRef:3]. For example, to reproduce a specific exogenous GDP trend in the reference scenario, labour productivity and total factor productivity improvements can be scaled to match the desired macroeconomic activity levels. [3:  More details about linking macro-economic and CGE models are provided in Fouré et al. (2020[19]) while details about more calibration of projected structural changes in CGE models are found in (Chateau et al., 2020[20])] 

[image: ]

Refining the sectoral reference projections and features in ENV-Linkages using inputs from TIMES also follows a well-established practice. Incorporating information from the sectoral model into the CGE model for the Reference scenario can facilitate the (explicit or implicit) representation of current policies. This procedure is slightly more complex than just inverting causality of variables in economic relationships used for aggregate variables because it may also require adjusting some scale parameters of the CGE to match the trends provided by sectoral models. The typical scale parameters of the model that are adjusted to match sectoral trends are the share parameters in the Constant Elasticity of Substitution (CES) functions governing production and consumption decisions, the minimum subsistence levels in consumer preferences, the autonomous efficiency parameters for the primary factors or for the intermediate inputs (like energy) and the total factor productivity of the sector. 
Vice versa, developing the Reference scenario in the TIMES model use inputs from ENV-Linkages. This is particularly relevant for assumptions and features that go beyond the scope of the sectoral model, such as projections of sectoral value-added shares in the overall economy. ENV-Linkages can provide supplementary information to sectoral models where relevant, enhancing the consistency of the “Reference scenario” across models. The typical examples include an energy model that could require projections about the value-added share of iron and steel production; an agriculture model that take as given food demand; or a transportation model that requires projections about international trade flows to calculate the corresponding international transportation costs.    
2.2) The Policy in the reference scenario (to be drafted)
2.3) Definition of Policy Scenarios
All policies are analysed in a counterfactual way, as if the current policies in 2019 and their planned changes to 2030 in the reference scenario would have never been implemented. 
A. The Emissions trading system (ETS)

In the reference scenario:
The ETS (part of the “CO2 Act”) is assumed for all countries participating to EU-ETS. Current, historical (from 2019) and future legislated rules (i.e. the 2023 revisions of the ETS Directive) up to 2030-2035 apply, including total emission target for sectors covered by country, permit allocation across firms and sectors (and its progressive phasing out), exemptions, etc.
According to current publicly available information, Switzerland is not projecting any future implementation of the new emissions trading system (named EU-ETS 2), that covers and addresses in EU countries, the CO2 emissions from fuel combustion in buildings, road transport and additional sectors.
Policy simulations:
	
1. Removing Swiss ETS (and therefore the link to EU-ETS). 
2. Removing Swiss ETS and EU-ETS. 

For all policy simulations the experiment consists in removing all the policy instruments concerned by this simulation (here the ETS) in 2020. The “new equilibrium” will be compared with the reference scenario.
 
B. “CO2 levy”

In the reference scenario:
The CO2 levy[footnoteRef:4] is imposed on all fossil thermal fuels (e.g. heating oil, natural gas). It is set at its historical value up to 2023 (120 CHF per tonne of CO2 in 2022). After 2023, the CO2 levy is assumed to remain at same level with same modalities[footnoteRef:5]. [4:  Originally implemented in 2008 is part of the “CO2 Act”.]  [5:  according to the Swiss authorities it will not change] 

With regard to the allocation of revenue from the CO2 levy across different policies (including “Buildings Programme”, see below), the share of revenues earmarked for the buildings programme will remain at 33%.
The exemptions of CO2 levy (including installations participating in the ETS and companies that enter a reduction commitment) will be kept the same as in 2023 for the whole projection horizon.
Policy simulations:
3. Removing “CO2 levy” (including exemptions and buildings programme)
4. Removing “CO2 levy” and Swiss ETS. 

No compensation should be envisaged. In other words, there will be no change in financing for the sectors that would benefit from CO2 levy revenues when we remove the levy. For example, part of the “Buildings programme” is financed with the CO2 Levy revenue. If these revenues vanished because the levy is removed we do not adjust some fiscal instrument to keep same resource for the “Buildings Programme”.
C. “Mineral oil tax” (transport and housing) / Impôt sur les huiles minérales[footnoteRef:6] [6:  Originally implemented in 1997.] 


In the reference scenario:
The tax is an excise tax on fossil fuel. It differs depending on the product (gasoline, unleaded petrol, natural gas, diesel…) and its use (engine fuel, heating fuel, technical purposes). 
In practice the tax has two components: 
· a tax on crude oil, other mineral oils, natural gas, their processed products, and engine fuels;
· a surtax on engine fuels.
Some tax reductions exist for some professional activities (agriculture, forestry, fisheries,) or for some fuels (biofuels) or some usage (light heating oil). After 2023 we assume this policy to be constant over the projection horizon.
Policy simulations:
5. Removing only the surtax part of the “Mineral oil tax” (e.g. focus on transport). 
6. Removing the “Mineral oil tax”.



D. “CO2 regulations for vehicles[footnoteRef:7]” [7:  Originally implemented in 2015 and in line with EU regulation (2020): Road transport: Reducing CO₂ emissions from vehicles - European Commission. It is part of the “CO2 Act”.] 


In the reference scenario:
Since 2020, new cars have not been permitted to exceed average emissions of 95g CO2 per km, and 147g CO2 per km for light commercial vehicles (LCVs). Swiss vehicle importers are subject to this requirement and will have to pay a fee if they do not meet their individual CO2 targets. This applies to all EU and Switzerland in reference scenario, but with some exemptions. After 2023, the revision of the CO2-Act will reinforce these targets for the period 2025-2029 (93.6 g CO2 for passenger cars, 153.9 g CO2 for LCV; values according to WLTP, i.e. the new measurement procedure) and 2030 onwards (49.5 g and 90.6 g for passenger cars and LCVs respectively). As the adjustments in the ETS, these reinforcements are provisional. 
Policy simulations:
8. Removing the “CO2 regulations for vehicles”. 

Since most of vehicles are imported from EU, keeping the EU regulation constant will not change a lot, unless this is accompanied with a change in the importation share from outside the EU. The more convenient way is therefore to assume that all EU countries also drop out the regulation.

E. “Building energy codes[footnoteRef:8]” [8:  Originally implemented in 2015.] 


In the reference scenario:
The Swiss constitution grants policy responsibility in the domain of buildings to the cantons. The cantons elaborate model energy prescriptions together and each canton transposes them differently into the cantonal law. The newest model energy prescriptions dates to 2014 (MuKEn). It contains mandatory and optional parts. It is to be discussed with PSI how to deal with this. 
Main contents: 
· Limits for heat demand in new buildings to 16 kWh/m2 and to 24 kWh/m2 for buildings to be refurbished. Both limits have been subsequently tightened in the last years/decades. In 2023, in new buildings, the weighted annual final energy demand for heating, domestic hot water production, ventilation and air conditioning shall not exceed the limit of 35 kWh/m²
· Limit values, technical and operational prescriptions for lighting, cooling and ventilation 
· Limit value of max. 80% heat from fossil energy sources for new buildings. Max 90% heat from fossil energy sources for refurbished buildings 
· Requirements for the electricity production within buildings (10 W / energy reference area) 
· Refurbishment duty for direct electric heating systems 
· Prescriptions for big energy consumers (> 500 GWh heat and/or > 0.5 GWh electricity) 

Possible policy simulations:
9. Removing the “Buildings codes on energy consumption”.

F. “The federal and cantonal Buildings Programme[footnoteRef:9]” [9:  First implemented in 2010.] 


In the reference scenario:
The “Buildings programme” (part of the “CO2 Act”) is a collection of subsidies for promoting: i.) energy efficient renovations of buildings (thermal insulation) ii.) renewables energy (geothermal, solar, changes in heating systems) and iii) optimization of building services technology. The conditions and amounts are set by the national Harmonised Funding Model. 
The Buildings Programme is implemented at the subnational level and cantons can choose which subsidies as well as the level (above the national minimum level) to implement. We aim to take a national average, it is to be check with PSI how to construct this. Cantons that do not implement their own adaptation use the conditions of the Harmonised Funding Model. 
The source of funding is: i) a part of revenues from the CO2 levy (one third, share will remain at this level), which is distributed to cantons based on a basic contribution amount per inhabitant and a complementary contribution amount based on the credit authorized by the canton for its own program and ii) cantonal credit from their general budget. 
The programme grants subsidies for following measures[footnoteRef:10]: [10:  Some example and numbers for 2022 are provided here.] 

· Thermal insulation of existing buildings
· Technical installations (heating and cooling systems)
· Building renovations (improvement class of efficiency, reduction energy needs for heating)
· Centralized heating system
· New constructions (excluded for policy simulation)
· Indirect measures (excluded for policy simulation)

The amount of subsidies is closely related to tax revenues. For the projection, the resources for financing these instruments are assumed to grow according to the CO2 levy revenues. Notice that in the list of measures above both the “New constructions” and the “Indirect measures” are assumed to be constant in all simulation at the level of the reference scenario. The idea is only to asses impact of the measures of the “Building program” that is related to existing buildings, not to new constructions.
Policy simulations:
10. Removing the “The buildings programme” 
11. Removing both “The buildings programme” and the “Buildings codes on energy consumption”.


Table 1.1. Future policy developments
This table explains the future intensities of policies mentioned in the simulations. 
	Policy
	Future developments

	ETS 
	According to current publicly available information, Switzerland is not projecting any future implementation of the new emissions trading system (named EU-ETS 2), that covers and addresses in EU countries, the CO2 emissions from fuel combustion in buildings, road transport and additional sectors.

	CO2 Levy
	After 2023, the CO2 levy is assumed to remain at same level with same modalities[footnoteRef:11]. [11:  according to the Swiss authorities it will not change] 

With regard to the allocation of revenue from the CO2 levy across different policies (including “Buildings Programme”, see below), the share of revenues earmarked for the buildings programme will remain at 33%.
The exemptions of CO2 levy (including installations participating in the ETS and companies that enter a reduction commitment) will be kept the same as in 2023 for the whole projection horizon.

	Mineral oil tax 
	After 2023 we assume this policy to be constant over the projection horizon.

	Motor vehicle tax
	After 2023 the policy is constant over the projection horizon.

	CO2 regulations for vehicles
	After 2023, the revision of the CO2-Act will reinforce these targets for the period 2025-2029 (93.6 g CO2 for passenger cars, 153.9 g CO2 for LCV; values according to WLTP, i.e. the new measurement procedure) and 2030 onwards (49.5 g and 90.6 g for passenger cars and LCVs respectively).








Section 3: Assess impact on emissions of policies across models

3.1 Method
To evaluate the effect of price-based policy measures (e.g. taxes or subsidies) on emissions of a certain sector, the CGE model can apply an effective tax rate to the corresponding tax base. Additional information should be passed from the sectoral model to adjust the policy in the CGE model. If one considers fuel taxes for example, these generally differ across the various fuel (diesel, gasoline, ethanol, kerosene, etc…), but in the CGE model only one kind of refined oil product is generally considered. In this case the changes in a fuel tax policy should be aggregated for the CGE model, using detailed information about the different tax rates for the different refined oil products, the budget (cost) shares of each of these different oil products and the corresponding tax bases.
In the case of other economic instruments aiming at promoting investment in an emission-reducing technology, such as a support measure towards renewable energy production or a tax-credit to investment, the information to pass to the CGE model is different. Adjusting the tax or subsidy is not sufficient in this case; the sectoral models should also provide to the CGE model some information about the resulting amount of investment in the green technology that is driven by the change in the fiscal instrument, the expected induced changes in cost of production, and if possible, the change in required intermediate products implied by the technology shift. The latter can be considered in the economy-wide model to represent changes in emission along supply chains.
Regulatory instruments (performance standards, technology standards and other regulatory policies) and other instruments (government investments, information instruments and voluntary approaches) could be integrated in a sectoral model in several ways. For example, the CO2 efficiency standard for personal vehicles can be implemented through constraints on the choice of car technologies, which is affected by costs and fuel infrastructures, for a given demand for “transportation services" (Siskos, Capros and De Vita, 2015[18]). Introducing this policy in a CGE model would require first to use the information from the sectoral model (here transport model) to assess changes in household transport demand to a level of detail that can account the different transportation mode and vehicles technologies. Then the “transportation service demands” in monetary term in the CGE model is derived from the detailed calculations (for instance in passenger or freight / km) from the sectoral model. Finally, the CGE model should mimic the overall effect of the change in transport technology of households (penetration of low energy vehicles) when they are constrained by the regulation policy (possibly by adjusting substitution elasticities across transportation technology/good) as well as mimic the overall effect of the change in relative cost of different technology for transport from the sectoral model.
More generally, a number of methodological choices must be made in the model implementation phase, including with respect to which dimensions will be harmonised (fixed exogenously in the CGE model), and which elements remain to be determined endogenously by the economy-wide model. Discussing the advantages and drawbacks of these choices is important to frame the exercise and to facilitate a good understanding of the outcomes. For instance, if the economy-wide model would take sector-level greenhouse gas emissions as an exogenous input (fix exogenously as a constraint), then alignment between both models on sectoral emissions is guaranteed, but economy-wide feedback on sectoral emissions cannot be captured by the CGE model. While this approach may be adequate for a cap-and-trade system, for a carbon tax a better approach could be to align CGE inputs (instead of outputs in terms of emissions) to sectoral model outputs at a more granular level, e.g. energy mix and intensity of the sector as determined by the sectoral model. 
Other modelling choices include the assumption on which policy instrument to use for recycling additional revenue (or raising lost revenue), as a consistent comparison across scenarios in a CGE model assumes no money entering or leaving the economy-wide system. Furthermore, assumptions must be made on climate action in other countries, as this would influence the cost of low-carbon technologies, the foreign demand for low-carbon goods, international fuel prices and cross-border supply chain interactions, among others. These channels can generate positive spillovers that affect the overall outcome on emissions. Careful consideration must therefore be given to particular modelling choices in view of the questions at hand. Abovementioned assumptions influence the estimates of the economy-wide impact on greenhouse gas emissions, in addition to sensitivity with respect to parameter settings. 
3.1 Results
[TO BE DRAFTED]
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