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1 Key GEME3 model updates

The most recent version (2017) ofthe GEME3 model is a significant upgrade from previous
versions as it includes a number of new modelling features and updaie Thekey modelling
upgrades regard the explicit representation of the financial sector,the advanced semi-
endogenous representation of technical progress and technology spilloverthe bottom up
representation of the transport sector andthe discrete representation of biofuels.

The 2017 version has been calibrated to the most recent datasets including GTAP 9, 2017 IEA
energy statistics and ILO data. The IO tables from EUROSTAT for the EU countries (where
available) have been included into the modellatabase and are used instead of the GTAP tables.
Additional work has been performed to identify the sectors that produce clean energy
technologies as separate sectors in the 1O tab|€able2). The model has been extended to run up
to 2100.

The basic idea of the financial module added is that the demand for finance is driven by agents in
deficit that seek to receive doan from domestic or/and international capital markets and the
supply of finance is driven by profit maximising agents (in surplus) that own a portfolio of
financial products with different reaturns and risks. This loan accumulates to debt and has to be
repaid in aspecifiedtime period at a market cleaing interest rate.

The households decision tree and consumption options have been extended to accountgevider
portfolio of energy and transport related technologiesKigure 1).

Figure 1: Households decision tree
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The bottom up representation of the transport sectorallows to project mobility (both passenger
and freight) and to simulate the choice of transport modes, the choice of transpbmeans
technologies and the way of using transport equipment. The model is able to calculate energy
consumption, emissions, externality effects and costs from a user perspectiVae transport
module allows to smulate impacts of a variety of policies fotransport, efficiency, emissions and
externalities purposes

Regarding biofuelsthe agriculture sector of the model is split in two parts: production of food and
production of bio-energy commodities Demand for bioenergy commodities is explicitly
introduced as option in the submodels by sector of production and of household®io-fuels is an
option as a blending possibility in producing liquid fuels by the refinery sector in which case the
blended fuel is sold to transport sectors and to househo&dLand is a limitation factor (resource
in the production function with limited maximum potential) in agriculture and in both sub-
sectors Prices of bieenergy commodities are endogenous based on costs

Table 1: Countries/Regions o f the GEM-E3 model

Abbreviation Country Name Abbreviation Country Name
AUT Austria USA USA

BEL Belgium JPN Japan

BGR Bulgaria CAN Canada

CRO Croatia BRA Brazil

CYP Cyprus CHN China

CZE Czech Republic IND India

DNK Denmark KOR South Korea
EST Estonia IDN Indonesia

FIN Finland MEX Mexico

FRA France ARG Argentina

DEU Germany TUR Turkey

GRC Greece SAR Saudi Arabia
HUN Hungary OCE Oceania

IRL Ireland RUS Russian federation
ITA Italy REP Rest of energy producing countrie
LVA Latvia SAF South Africa

LTU Lithuania RAX Rest of Europe
LUX Luxembourg ROW Rest of the World
MLT Malta

NLD Netherlands

POL Poland

PRT Portugal

ROU Romania

SVK Slovakia

SVN Slovenia

ESP Spain

SWE Sweden

GBR UnitedKingdom
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Table 2: Activities of the GEM-E3 model

No
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25

Activity

Agriculture

Coal

Crude Qil

Qil

Gas Extraction

Gas

Power Supply

Ferrous metals

Nonferrous metals
Chemical Products

Paper Products
Norrmetallic minerals
Electronic Goods
Conventional Transport equipment
Other ConventionaEquipment Goods
Consumer Goods Industries
Air transport
Road-Passenger transport
Water - Freight transport
Construction

R&D

Market Services

Non Market Services

Wheat, Cereal Grains, Sugar cane, sugar

beet
Oil Seeds
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No
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49
50

Activity

Forestry

Biomass Solid

Ethanol

Bio-diesel

Advanced Electridppliances
Equipment for wind power technology
Equipment for PV panels

Equipment for CCS power technology
Other Advanced Heating and Cooking Applian
Electric Vehicles

RoadFreight transport

Rail-Freight transport

Rail-Passenger transport

Water- Passenger transport

Coal fired power plant

Qil fired power plant

Gas fired power plant

Nuclear power plant

Biomass fired power plant

Hydro electric

Wind

PV

CCS coal

CCS Gas
Geothermal



2 History of the GEM-E3 model

The GeneralEquilibrium Model for Economy-Energy-Environment ! (GEME3) model has been
developed as a multinational collaboration project, partly funded by th&uropeanCommissior?,
DG Research,®Framework programme and by national authorities, and further developments
are continuously under way through several EFramework Programmes. Thanodel is the result
of a collaborative effort by a consortium involving: National Technical University of Atms
(NTUA/E3M-Lab) (leading partner), Katholieke Universiteit of Leuven KUL), University of
Manheim and the centre for European Economic Researd@EW), Ecole Centrale de Paris
(ERASME) as the core modelling team. Other contributing teams incluB&| IDEI (University of
Toulouse), Stockholm Schal of Economics CORE, CEand University of Strathclyde.The first
version of the GEME3 model included 12 EU member states and its base year was 198Bceits
first version NTUA/E3M-Lab andKULhave maintained and further developed the GEME3 model
in various aspects including theintroduction of market imperfections, theconstruction of GEM
E3 world version, bottomup representation of power generation technologiesequilibrium
unemployment,a complete coverage of all GH&ndthe introduction of semi-endogenous growtts
features.

Applications of the model have been carried out for several Directorate Generals of the European
Commission (economic affairs, competition, environment, taxation,esearch) and for national
authorities. GEME3 is used regularly to provide analytical support to European Commission
services, particularly with regards to the economics of climate change.

L |nformations about the model can also be found imww.e3modelling.gr and in www.gem-e3.net

2 JOULE programme, (D&II/F1)

3 This version was built from ERASME, Zagame P. et. Al. %1 AT CAT T OO 4 A A EIEE-A LdncretetPlopo§aRinvehiing *© %-
3PEI 11T OA ®ocuriemaAtm@iOEragrieJuly 1998
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3 Introduction

The GEME3 model is amulti -regional, multi-sectoral, recursive dynamic computable general
equilibrium (CGE)model which provides details on the macreeconomy and its interaction with
the environment and the energy system. It is an empirical, large scale model, written entirely in
structural form. GEME3 allows for a consistent comparative analysis of policy scenarios sinde
ensures that in all scenarios, the economic system remains in general equilibriurin addition it
incorporates micro-economic mechanisms and institutional features within a constent macro-
economic framework and avoids the representation of behaviour in reduced form. Particularly
valuable are the insightsthe model provides regarding thedistributional aspectsof long-term
structural adjustments. The GEME3 model isextensively used as a tool of policy analysis and
impact assessment.

The model is modularly built allowing the user to select among a humber of alternativdosure
options and market institutional regimesdepending on the issue under studylThe GEME3model
includes projections of: full Input-Output tables by country/region, national accounts,
employment, balance of payments, public finance and revenues, household consumption, energy
use and supplyGHG emissionaind atmosphericpollutants.

The present document is ananual that illustrates the theoretical foundations on which the model

was built by providing mathematical derivations for all the equations included in the model.
Moreover, the manual provides the information required to perform different simulations and

lists the different options the model offers regarding the model closure and the activation of
certain features in the environmental module

The remainder of this manualis organized as follows: ChapteR provides a generalpresentation
of the modeland its use for policy analysis, ChapteB presents the main data structure of the
model, the data sourceghe data process manipulation andhe GEME3 SAM,Chapter4 provides
the mathematical statement of the modelChapter5 presents the financial modules, Chapter 6
presentsthe environmental module, Chapter7 deals with the welfare measures used in the model,
Chapter8 describesthe energy security indicators,Chapter9 describes the routine used to make
the referencescenario of the GEME3 model, ChapterlO presents the stochastic version of the
model, Chapterll presentsthe calibration method for the main parameters of the modeand the
models user interface, Chaptet22 presents the file and folderstructure, Chapter133 provides a
list of model applications

13



2.1 General model presentation

The world version of the GEME3 model simultaneously represents 38 regions and 31 sectors
linked through endogenous bilateral trade flowsThe model features perfect competition market
regimes, discrete representation of power producing technologiesemiendogenous learning by
doing effects, equilibrium unemployment, option to introduce energy efficiency standards
formulates emission permits for GHG andatmospheric pollutants. The environmental module
includes flexibility instruments allowing for a variety of options when simulating emission
abatement policies including: different allocation schemes(grandfathering, auctioning, etc.),
user-defined bubbles for traders, various systems of exemptions, various systems for revenue
recycling, etc.

Its scope is general in two terms: it includes all simultaneously interrelated markets and
representsthe systemat the appropriate level with respect to geography, the sugystem (energy,

AT GEOTTi1 AT Oh AATTTiUuq AT A OEA AUT AT EA 1T AAEAT EOI C
It formulates separately the supply or demand behaviour of the economic agents which are

considered tooptimize individually their objective while market derived prices guarantee global
equilibrium, allowing the consistent evaluation of distributional effects of policies.

It considers explicitly the market clearing mechanism and the related price formation in the
energy, environment and economy markets: prices are computed by the model as a result of
supply and demand interactions in the markets and diffenat market clearing mechanisms, in
addition to perfect competition, are allowed

The model formulates production technologies in an endogenous manner allowing for price
driven derivation of all intermediate consumption and the services from capital and t@ur. In the
electricity sector a bottom up approach is adopted for the representation of the different power
producing technologies.For the demandside the model formulates consumer behaviour and
distinguishes between durable (equipment) and consumable gals and services.

The model is dynamic, recursive over time, driven by accumulation of capital and equipment.
Technology progress is explicitly represented in the production function, either exogenous or
endogenous, depending on R&D expenditure by privand public sector and taking into account
spillovers effects. Moreover it is based on theyopic expectations of the participant agents

The design of GEME3 model has been developed following four main guidelines:

- Model design around a basic general edibrium core in a modular way so that different
modelling options, market regimes and closure rules are supported by the same model
specification.
- &O01T U &£ AGeAT A j ATAT CAT10606q AT AEZEAEAT OO0 ET
- Calibration to a base yeadata set, incorporating detailed Social Accounting Matrices as
statistically observed.

4 The regional and sectoral listing of the model can be found ihé ANNEX
5 The model extensions to represent market imperfections and economies of scale were carried out by the National Technical
University of Athens (coordinator), the Catholic University of Leuven and Middlesex University.
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- Dynamic mechanisms, through the accumulation of capital stock.

The GEME3 model starts from the same basic structure as the standard World Bank models
Following the tradition of these models, GEMES is built on the basis of a Social Accounting Matrix
(SAM). Technical coefficients in production and demand are flexible in the sense that producers
can alternate the mix of production not only regarding the primary productio factors but also
the intermediate goods. Production ismodeled through KLEM (capital, labour, energy and
materials) production functions involving many factors (all intermediate products andthree
primary factors zcapital, natural resourcesand labour). At the same time consumers can also
endogenously decide the structure of their demand for goods and services. Their consumption
mix is decided through a flexible expenditure system involving durable and nedurable goods.
The specification of production aml consumption follows thegeneralizedLeontief type of models

as initiated in the work of D. Jorgenso (1984).

The GEMES3 model is built in a modular way around its central CGE core. It supports defining
several alternative regimes and closure rules withot having to re-specify or re-calibrate the
model. The most important of these options are presented below:

- Capital mobility across sectors and/or countries

- Flexible or fixed current account (with respect to the foreign sector)

- Flexible or fixed labour supply

- Market for pollution permits national/international, environmental constraints

- Fixed or flexible public deficit

- Perfect competition or NashCournot® competition assumptions for market competition
regimes

The model is not limited to comparative static aluation of policies. The model is dynamic in the

sense that projections change over time. Its properties are mainly manifested through stock/flow

OA1 AGET 1 OEEPOh OAAET EAAT DOl qgraydpizekpectatobsE OAT AAAOI
The model iscalibrated to a base year data set that comprises a full Social Accounting Matrices for

each countryregion represented in the model.Bilateral trade flows are also calibrated for each

sector represented in the model, taking into account trade margins antransport costs.
Consumption and investment is built around transition matrices linking consumption by purpose

to demand for goods and investment by origin to investment by destination. The initial starting
point of the model therefore, includes a very detiled treatment of taxation and trade.

6 The World Bank type of models constitutes the major bulk of equilibrium modelling experiences. This type of models was usyall
used for comparative statics exercises. The World Bank and associated Universities and scientists have animated a large nuofibe
such modelling projects, usually applied to developing countries. Main authors in this group are J. De Melo, S. Robins&tkaus, S.
Devarajan, R. Decaluwe, R. Taylor, S. Lusy and others. These models however do not use full scale production furtstibragher

work on value added and their components to which they directly relate final demand

7 The generalised Leontief type of model was first formulated empirically in the work of D. W. Jorgenson who introduced flekitiiin

the Leontief framework, using production functions such as the translog. The work of D. W. Jorgenson inspired many modelling efforts,
in which particular emphasis has been put to energy. For example, such models have been developed in France, by P. Capiradphix,

in OECD (GRE¥ and WALRAS), in Sweden by L. Bergman and in Germany by K. Conrad.

8 This option is available only for the EU version of the GEE3 model
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Total demand (final and intermediate) in each country is optimally allocated between domestic
and imported goods, under the hypothesis that these are considered as imperfect substitutes (the
O! Ol ET ¢cOI 169 AOOOI POET 1

Figure 2: GEME3 economic circuit

Labour market
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‘ »> <
»l Labour Labour
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Cepsitel Firms L RowW j Government Households
Stock
Investment > SUjEils e it B Savings
by agent
Macro closure

Environment

Institutional regimes, that affect agent behaviour and market clearing, are explicitly represented,
including public finance, taxation and social policyThe modelrepresentsgoods that are external
to the economy as for example damages to the environment.

Figure 2 illustrates the overall structure of the GEME3 model.

The internalization of environmental externalities is achievedeither through taxation or global
system constraints, the shadow costs of which affect the decision of the economic agehtshe
GEME3 model global/regional/sectoral constraints are linked to environmental emissions,
changes in consumption or production patterns, external costs/benefits, taxation, pollution
abatement investments and pollution permits.The modelevaluates the impact of policy changes
on the environment by calculating the chage in emissions and damages and determines costs
and benefits through an equivalent variation measurement of global welfare (inclusive
environmental impact).

9See Armington (1969).
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2.2

Counterfactual simulations

Once the model is calibrated, the next step is to defineraference casescenario. The reference
case scenariancludes all already decidedpolicies. The key drivers of economic growtm the
model are labour force, total factor productivity andthe expectations on sectoral growth.The

Elasticities

|

Benchmark
equilibrium data set

Calibration

L

GEM-E3
(replication of base
year)

4

Assumptions on
exogenous variables
(technical progress,

population etc.)

h

!

Policy assumptions

Reference scenario

Y

Policy Scenario

k3

Comparisson

Y

Policy conclusions

eANOEI E.

computed by running the model under
assumptions that diverge from those of the
reference scenario This corresponds to
scenario building. In this case, a scenario is
defined as a set of changes of exogenous
variables, for example a change in the tax
rates. Changes of institutional regimes,
that are expected to occur in the future,
may be reflected by changing values of the
appropriate elasticities and other model
parameters that allow structural shifts
(e.g. market regime). These changes are
imposed on top of the assumptions of the
reference scenariothereby modifying it.
To perform a counterfactual simulation it

is not necessary to recalibrate the model.
The different steps for performing a
counterfactual simulation in GEMES3 are
depicted inthe figure above.

A counterfactual
characterizedbyEOO EI PAAO

simulation

is
iT Al

welfare or through the equivalent variation of his welfare function. The equivalent variation can
be, under reasonable assumptions, directly mapped to some of the endogenmasiables of the
model such as consumption, employment and price levels. The sign of the change of the equivalent
T CEOAO OEAT A
important results, provided by GEME3, are adollows:

OAOEAOQEIT

i AAOOOA

I £ OEATERMISsEAUS O E

- Dynamic annual projections in volume, value and deflators of national accounts by

country.

- Full Input-Output tablesfor eachcountry/region identified in the model
- Distribution of income and transfers in the form of a social accounting matrix bgountry.
- Employment, capital, investment by country and sector.
- Greenhouse gasses,trmospheric emissions, pollution abatement capital, purchase of

pollution permits and damages.
- Consumption matrix by product and investment matrix by ownership branch.
- Public finance, tax incidence and revenues by country.
- Full bilateral trade matrices
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2.3 Solution algorithm

The model is formulated as a simultaneous system of equations with an equal number of variables.
The system is solved for each year following a timforward path. The model uses the GAMS
software and is written as a mixed nodinear complementarity problem solved by using the PATH
algorithm using the standard solver options.

2.4 Policy Analysis Support

The GEME3 model has been extensively used by several DGstled European Conmission for
policy analysis(a nornrexhaustive list of the applications performed with the model can be found
in the ANNEX).GEME3 is a generaburpose model that aims to cope with the specific orientation
of the policy issues that are aocally considered at the level of the European Commission. Policies
are analyzed as counterfactual dynamic scenarios and are compared againsference model
runs. Policies are then evaluated through theiimpact on sectoral growth, finance, income
distrib ution and global welfare.

The GEME3 model intends to cover the general subject slstainable economic growth , andto
support the study of related policy issues. Sustainable economic growth is considered to depend
on combined environmental and energy striegies that will ensure stability of economic
development.The general issue, to be analysed with GEEB, regards the conditions under which
economic growth, and its distributional pattern, can be sustained in the presence of
environmental constraints or energy shortages and even reinforced by means of an adequate
technological and marketoriented policy.

The model intends, in particular, toanalyze the global climate change issue a theme that

embraces several aspects and interactions withithe economy, errgy and environment systems.

To reduce greenhouse gas emissioni$ is necessary to achieve substantial gains in energy
conservation and in efficiency in electricity generation, as well as to perform important fuel
substitutions throughout the energy systen, infavor of less carbon intensive energy forms.

Moreover, within the context of increasingly competitive markets, new policy issues arise. For
example, it is necessary to give priority to markebriented policy instruments, such as carbon
taxes and polution permits, and to consider marketdriven structural changes, in order to
maximize effectiveness and alleviate macroeconomic consequences.-feicturing of economic
sectors and relocation of industrial activities may be also induced by climate chang®licies. This
may have further implications on income distribution, employment, public finance and the
current account.

The model is designed to support the analysis distributional effects that are considered in two
senses: distribution among countriesand distribution among social and economic groups within
each country. The former issues involve changes in the allocation of capital, sectoral activity and
trade and have implications on public finance and the current account of member states. The
assess AT O 1T &£ Al 11TAAQGET 1T A /EAE Avbrden dharing afaly®si d FE AXUE BEAOE T/
refers to the allocation of efforts (for example taxes), ovedifferent countries and economic

agents. The analysis is important to adequately define and allocate coemsating measures

aiming at maximizing economic cohesion. Regarding both types of distributional effects, the
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model can alsanalyzeand compare coordinated versus non coordinated policies in the European
Union.

Technical progress and infrastructure can cawey factor productivity improvement to
overcome the limits towards sustainable development and social welfare. For example, European
RTD strategy and the development of pa&uropean infrastructure are conceived to enable long
term possibilities of economic growth. The model is designed to support analysis of structural
features of economic growth related to technology and evaluate the derived economic
implications for competitiveness, employment and the environment.

The model puts emphasis on:

- The analysis of market instruments for energyrelated environmental policy, such as
taxes, subsidies, regulationsgmission permits etc., at a degree of detail that is sufficient
for national, sectoral and Worldwide policy evaluation.

- The assessment of diributional consequences of programmes and policies, including
social equity, employment and cohesion for less developed regions.

- The standard need of the European Commission to periodically produce detailed
economic, energy and environment policy scenas.
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3 The GEME3 Database

3.1 Social Accounting Matrix (SAM)

After F. Quesnays (1759) tableaux economique it was he Leontief input-output tables that

attempted to describe the structural form and the interdependencies among the agents of an
economic system.The need to synthesize the economic and the social dimension ofetie
interdependencies led to theextensionT £ OEA |, AT 1 OEA&AS5O )/ OAAT A ET Ol

Payments (SAM). These matricesare essentially a

- Branches Sector ~ statistical methodological framework that

Intermediate | Final allows the systematic recording of i) the

Branches| Consumption | Demand way that goods and sevices are produced

and consumed and ii)the creation and

Receipts | Revenues Institutional distribution of income amongst the different
from Sectors Transfers economic agents. SAMs are square matrices

Sectors \ 4 of monetary flows that describe all the

[
Surplus or

deficit by agent

money transactions that take place among
the economic agents within a certai period
of time (usually a year).The number of the
agents defines the dimensions of the matrix.

The columns of the matrix represent expenditures and the rows represent receiptSxpenditures
equal receipts for each commodity. By construction the SAMstsdy Walras law (the excess
demand of all economic agents is zero) The SAM on which theGEME3 model is based, is
presented inFigure 3.The GEME3 SAM is expressed at producer pricés The construction of the
SAM is the starting point of the model building work. The SAMs of the world version of the GEM
E3 model are based onhe GTAP database, whereas for the European version, the symmetric
input-output tables and national accounts from EUROSTAT are used.

The SAM ofGEME3 represents flows between production sectors,production factors and
economic agents. The production sectors produce an equal number of distinct goods (or services),
as in an InputOutput table. The SAM distinguishes between intermediate angrimary production
factors. The economic agents, namely hoeolds, firms, government and the foreign sector, are
owners of the primary production factors, so they receive income from labour and capital
rewarding. All inter-institutional transactions amongst the different agents as recorded in the
national accountsare captured by the SAMThe agents useart of their income for consumption
and investment, and form final domestic demand. The foreign sector also makes transactions with
each other sector. These transactions represent imports (as a row) and exports @olumn) of
goods and services. The difference between income and spending (in consumption and
investment) by an economic agent determines his surplusraleficit.

10 Producer prices: all taxes on production are included (VAT and transportation cost are netdluded), purchaser price: Producer
prices + transportation cost.

20



Figure 3: GEME3 Social Accounting Matrix

Total Household Change in Total final
AmXXXXXoX Xidntedngdiate Labour Capital Total consumption Public consumption Firms Investments M Exports Total Demand
) Stocks demand
demand incl. NPISHs)
01 [14)=[91+{1014 1,
10 8 9 HC 10]GC 11] INV 12] STV 13] EXP 15]=[14]+[8]
n [8] [ [10] [11] [12] [13] [1]+{12]+[13] [15]=[14]+(8]
Total intermediate inputs [1]
Operating surplus KA FFASE
Wages and Salaries LA FFASE
Social security contribution SS
Total Value Added [2]
Total supply at basic prices [3]=[1]+2]
Households FSEFA: labour FSEFA:_ income frq FSESE FSESE: (i.e. spcu FSESE FSESE
income operating surplus benefits, pension)
Firms FSEFA: income frd FSESE FSESE FSESE FSESE
operating surplus
VAT TX_VAT*(vat_base)
Subsidies TX_SUB*(sub_base FGRS
FGRS: (i.e.
Direct taxes mcor_ne from FGRS FGRS
direct
taxation)
Social security contributions FGRS
Indirect taxes TX_IT*(it_base) FGRS FGRS
Duties TX_DUT*(dut_base)
Environmental taxes TX_ENV*(env_base
Government - Firms FGRF FGRS FGRS FGRS
Government - Rest of the World FGRS
Total taxes [4]
Total supply at producer prices [5]=[4]+[3]
Imports [6] IMP FSEFA FSEFA FSESE FSESE FSESE
Savings SAVE SAVE SAVE SAVE
Total supply [7]=[5]+[6]
Demand = Supply [71=[19]

FSESE: Transactions from sector to sector
FSEFA: Transactions from factors to sector

FGRF: Government ownerhsip of firms

FGRS: Transactions of government with the other economic agents
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In the GEME3 model firms are modeled to maximizetheir profits , constrained by the physical
capital stock (fixed within the current period) andthe available technology. Producers can change
their physical capital stock over ime through investment. Capital stock data bysector of
production are not availableeither from GTAP orfrom EUROSTAT databases (it is computed in
the calibration phase of the model).

Householdsin the GEME3 SAM are identified as single social group(a single representative
householdis modeled). Householdsnaximizetheir inter -temporal utility under an inter -temporal
budget constraint. The demand functiors are derived by solving the maximization problem, under
general assumptions regarding expectatios and steady state conditions. These demand functions
allocate the expected income of the household, depending on the formulation of the problem,
between consumption goods and future consumptions@vings). This is the default formulation of
ET O O A EdeHaviolrBalternatively household behavior is modeled so that the consumer
allocates its expected incomebetween present, future consumption and leisurefFor household
consumption,the model considers a allocation mechanism. The allocation mechanism considers
durable and nondurable goods. Durable goods include cars, heating systems and electric
appliances, and their use involves demand for nedurable goods, mainly energy (fuels and
electricity).

3.2 Instit utional accounts

The GEME3 model has a detailed representation of all institutional transactions between
economic agentsThe Institutional sectors according to the national accounts classificatiomre
presented in Table 3. The institutional accounts cover all the transactions between the
institutional sectors of the economy.

Table 3: Institutional sectors of the economy

Sectors Description
SS All Sectors
S11 Nonfinancial corporations
S12 Financial corporations
S13 General government
S14 S15 Households; noprofit institutions serving households
S2 Rest of the world
YT 1T OAAO Oi tArddetionsA H86 A A A A Ak ZEFigud=@)itwo sets of tablesare

required: i) The full set of tables for the full sequence of accounts of each institutional sectoy A
matrix presentation of the most important transactions of the system.A matrix presentation
permits each transaction to be represented by a single entry and the nature of transaction to be
inferred from its position.

Table 4: D5 Taxes on Income - Germany

H F G W TOTAL
H 0
F 0
G 217040 34590 O 2430 254060
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\Wi 110 110
TOTAL 217040 34590 110 2430 254170

Each transaction between two institutional sectors is representedby a column and a row pair.
The convention followed is that resources are shown in the rows and uses are shown in the
columns. For instance (se@able 4), taxes on income (D5) are payable by the Households and
received by the government.

The institutional transactions are grouped in two main categories: current account transactions
and accumulation accounts. Theurrent account and its different componeits as defined by the
ESA 9%5are presented below:

The production account which refers to all transactions relatedgmduction (balancing item: Gross
value added).

\ Received (Resources) Paid (Uses)
Output Intermediate consumption
Gross Value Added Taxesless subsidies on products

The generation of income account which shows how the proceeds of the production are allocated to
the various income categories (balancing item: mixed income/gross operating surplus).

| Received (Resources) Paid (Uses) \
Compensation of Employees Net Value Added
Other Taxes on Production Other Subsidies on production

The allocation of primary income account which shows receipts and expenditures related to various
forms of property income such as interestiyidends rents, (balancing item: balance of primary
incomes)

\ Received (Resources) Paid (Uses) \
Property income Net operating surplus
Interest Property income
Distributed income of corporations Interest
Dividends Distributed income of corporations

Withdrawals from income of quast | Dividends

Net balance of primary incomes/Net| Withdrawals from income of quastcorporations
Net balance of primary incomes/Net national
income

The secondary distribution of income account shows how grgnary income of an institutional
sector changes because of current taxes on income and wealth, social contributions and benefits, and
other current transfers. The balancing item is disposable income.

| Received (Resources) Paid (Uses) \
Current taxes on irtcome, wealth, etc. Net balance of primary incomes/Net national
Taxes on income Social contributions
Other current taxes Actual social contributions
Social benefits other than social transfery Employers' actual social contributions
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Other current transfers Other current transfers

Net non-life insurance premiums Net non-life insurance premiums

Non-life insurance claims Non-life insurance claims

Current transfers within  general | Current transfers within general government
Current international cooperation Current international cooperation
Miscellaneous current transfers Miscellaneous current transfers

Net disposable income

The use of disposable income account shows how disposable income is spent on consumption or saved
(The balancing item is saving)

| Received (Resources) Paid (Uses) \
Adjustment for the change in net equity| Net disposable income
Net saving

The external account brings together all transactions involving both euro area residents and non
residents, viewed from the perspective of the rasidents.

\ Received (Resources) Paid (Uses) \
Exports of goods and services Imports of goods and services
External balance of goods and services

The capital accounts an accumulation account. It is divided into a change in net worth due to saving
and capital transfers account and an acquisition of ndimancial assets account. The first adds any
net receipts of capital transfers to net saving. The balancing iterthiss change in net worth due to
transactions. The acquisition of nefinancial assets account records gross fixed capital formation
(investment in nonrfinancial assets), changes in inventories, and any net acquisition of valuables and
other nonproduced, na-financial assets (e.g. land). The balancing item of the capital account is net
lending/net borrowing.

\ Received (Resources) Paid (Uses)
Capital transfers Net saving
Capital taxes Capital transfers
Investment grants Capital taxes
Other capitaltransfers Investment grants
Changes in net worth due to saving and capital transfer| Other capital transfers

In the following we provide the exact computationthrough the national accounts)of the GEME3
transfers. The mainclassifications of the ESMA5 national accounts are presented iTable5.

Table 5: National accounts z institutional transfers categories

B1G Gross value added (at basic prices)

B2G B3G| Gross operating surplus and gross mixed income

B5G Gross national income/Balance of primary incomes, gross
B6G Gross disposable income

B8G Gross saving

B11 External balance of goods and services

B101 Changes in net worth due to saving and capital transfers
B9 Net lending (+) /net borrowing (-)
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P1 Output

P2 Intermediate consumption

P3 Final consumption expenditure

P5 Gross capital formation

P6 Exports of goods and services

P7 Imports of goods and services

D1 Compensation of employees

D2 Taxes on production and imports

D21 Taxes on products

D29 Other taxes on production

D3 Subsidies

D31 Subsidies on products

D39 Other subsidies on production

D4 Property income

D5 Current taxes on income, wealth, etc.

D6 Social contributions and benefits

D61 Social contributions

D62 Social benefits other than social transfers in kind
D63 Social transfers in kind

D7 Other current transfers

D8 Adjustment for the change in net equity of households in pension funds reservg
D9 Capital transfers

K1 Consumption of fixed capital

K2 Acquisitions less disposals of notfinancial non-produced assets

A detailed representation of the arrangement ofational accounts can be found in the Appendix

3.3 Consumption matrix

The consumption matrixdecomposes thedemand per consumer categorie$COICOPthe list of
the GEME3 consumer categoriess found in the ANNEX)into deliveries by sector of production.
These matrices arausuallyreported ET AT T OO1 E&S596 vabaiidh Aohd@pt)i.e. VAT and
margins are included in the price of the delivery anenoreover margins are not considered as a
separate delivery by a service branch. In the GEEB model, ths matrix is transformed in
POl AOAAOS O POEAAOS

To this end, the following procedure is applied:

i) given the VAT rates for the different consumer categories, a consumption matrix
without VAT is computed,

i) the margins included in the deliveries by branch areevaluated as the difference
between the consumption matrix deliveries (without VAT) and the 10 deliveries,

iii) Margins are allocated between the services branches.

Table 6 presents the consumption matrixcoefficients of UK in the GEME3 product classification
(as %sharesin total consumption).
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Table 6: UK Consumption matrix coefficients

FOOD
BEVERAGES
AND TOBACCQ
CLOTHING AN
FOOTWEAR
HOUSIN@ND
WATER
CHARGES
FUELS AND
POWER
HOUSEHOLD
EQUIPMENT
ANID
HEATING AND
COOKING
ADPDI IANICERQ
MEDICAL CAR
AND HEALTH
PURCHASE OF
VEHICLES
OPERATION O
PERSONAL
TRANSPNRT
TRANSPORT
SERVICES
SERVICES
MISCELLANEO
S ®ODS AND
QFRV/ICER
EDUCATION

COMMUNICATI
ON
| RECREATIONA

Agriculture

©
~
o©
=
o
[N}
3

Coal

N
~

Crude Oll

Oil 5.8 55.7

Gas 22.7

Electricity 69.0
supply

Ferrous
metals

Non ferrous 0.6 4.2 1.2 0.1 0.5
metals

Chemical 3.1 11.2 30.2 2.0 0.6 9.3
Products

Paper 1.0 7.4 0.1 13.1
Products

Non metallic 0.3 5.1 0.1
minerals

Electric 20.7 0.1 1.9 34
Goods

Transport 7.0 81.6 3.6
equipment

Other
Equipment
Goods

Consumer
Goods 90.1 98.0 0.9 15.7 2.1 0.6

Industries
Construction 6.3

0.8 225 872 218 6.7 7.1

Transport 42.8
(Air)

Transport 48.9
(Land)

Transport 6.2
(Water)

Market 0.2 2.0 83.8 5.9 115 2.6 184 331 1.4 96.6 10.4 58.2
Services

Non Market 3.3 454 3.5 0.7 78.5 11.0 100.0
Services

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100

In the cases where consumptiommatrices are not available from statistical sources they are
computed through the following way:.
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3.4

The consumption per consumer category (COICOP) is extracted from the
National-Accounts (final consumption of households on the economic territory,
by purpose) and correced for the consumption by tourist,

Given theVAT rates for the different consumer categories, the totalonsumption
per category without VAT is computed,

Total deliveries are taken from the InputOutput tables,

Once the row and columns totals of theonsumption matrix are computed for
each country/region a RAS procedure is applied (the initial coefficients for the
RAS are taken from countries with available consumption matrices).

Investment matrix

The investment matrix decomposes investment by sectorof production into deliveries by
branches. Hence the row total represents the consumption of fixed capital found in the IO tables
and the column total represents the investment each firm performs within a yeabata regarding
investments inpower generation technologies have beerxtracted from JED} and BNEA(2009).

In the GEME3 model investments are computed:

by applying the uniform investment coefficients based on gross fixed capital
formation found in the I0tables and by adding additional data fospecific
branches(where available),

by applying a RAS method in order to ensure that thieavestment shares arein
line with the consumption of the fixed capital.

Table 7: Deliveries of branches to firm investment for selected coun tries

Germany Spain France UK USA  Jpan China India

Agriculture 0.39 0.20 0.14 0.17 0.07 1.21 0.20
Ferrous metals 0.07 2.11
Non ferrous metals 3.05 2.32 1.27 3.38 0.57 0.48 0.90 4.09
Chemical Products 0.15 0.03 0.29 0.12 0.03 1.02
Paper Products 0.17 0.35

Non metallic minerals 0.04 0.01 0.01 0.16 0.01 0.01 0.36
Electric Goods 8.80 5.04 1.24 9.57 6.98 10.50 4.69 3.52

Transport equipment 10.90 9.28 4.72 9.53 12.59 5.06 9.03 7.77

Other Equipment Goods | 23.37 14.34 7.07 16.76 16.62 1452 21.92 24.77
Consumer Goods

Industries 1.09 0.14 0.03 0.30 3.01 0.32 1.12 0.06
Construction 41.04 52.06 58.16 4547 4572 5293 53.46 48.62
Transport (Air) 0.31 0.05 0.29
Transport (Land) 0.08 0.09 0.09 0.43 0.78 0.60 0.19 2.47
Transport (Water) 0.15 0.14 0.04 0.09 0.03
Market Services 9.96 1592 26.37 12.01 13.14 1545 6.97 4.70
Non Market Services 0.88 0.56 0.89 141 0.31

Total 100 100 100 100 100 100 100 100

11 Seehttp://www.nrel.gov/analysis/jedi/about_jedi.html
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From Table 7 it is clear that the investment deliveries are basically made by the branchs of:
Electric Goods, Transport Equipment, Other Equipment Goods IndustrieMarket services and
Construction with the latter having the largest share in the deliveries for investment among all
branches.

3.5 Labour market data

Thefollowing data are essentialfor the modeling of GEME3 labor market:

i.  Skilled and unskilled kbor force (total and by category),
ii.  Unemploymentrate for skilled and unskilled labour force

The GEME3 model adopts the EUROSTAT definition of tHabour force and thus it iscomputed
by multiplying the participation rate to total active population. The databases mainly used to
extract these data areahe EUROSTAT, ILO and WorldBank.

3.6 Bilateral Trade

Regarding foreign trade data, th&GEMES3 model requires déailed bilateral trade matrices for all
regions and commaodities included in the model. GTAP database provides such matrices together
with bilateral duties and transportation costs.For countries that are not identified separately in
GTAP theUN Comtradedatabaseis used in order to extract the relevant data.

3.7 GHG emissions

The GEME3 model coversthe following greenhouse gassesCQ, CH, NO, HFG, P and Sk. In
the model these emissionsare linked to the activity level of the relevant sectors. Thislink is
presented in Table 8. Data on GHG emissions are eacted from the UNFCCC database and
estimates for process related GHBIACCsare taken from"Global mitigation of nonCO2 GHG" EPA
report (2006), and IIASA datalase.

Table 8: GHG emission sources and link with GEM-E3 activities

GHG Sources GEMES3 activity % in total GHG GWP
emissions of
Annex| (2005)

CcQ Burning of fossil fuels Coal, Oil, Gas 0,785 1
Ca Cement productiori? Other energy
) , 0,04 1
intensive

12 Non-energy related CQfrom industry is mainly generated during the production of clinker IPCC suggests an emission factor of
0.5071 tCQ per tone of clinker or 0.4985 tCQ@per tone of cement
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CH Waste management, Gas an Coal, Qil, Gas,

Coal mining, Oil, Animals Agriculture, Public 0,12 24
services

f ot Burning of fossil fuels, Coal, Qil, Gas,
Transport, Production of Transport, Chemical
adipic and nitric acid(nylon),  products, Agriculture 0,057 310
Fertilizers

HFC  CFGsubstitute, Chemical products,
Production of HCFG22, Equipment goods 0,0119 2000
refrigerators

PFC  Production of aluminium, Ferrous and non
semiconductors ferrous metals, 0,002 6800

Equipment goods

Sk Magnesium production, Power supply, Ferrous
power distribution, and non ferrous 0,002 22200
Production of aluminium metals

4 Mathematical model statement

4.1

Household b ehaviour

Householdsreceive income from theér ownership of production factors, from other institutions
and transfers from the rest of the world. Household expenditure is allocated between
consumption, tax payment and savingsThe representative household firstly decideson the
allocation of its income between present and future consumption of goodsAt a2nd stagethe
household allocates its total consumption expenditure between the different consumption
categories availableThe consumption categories are split imon-durable consumption categories
(food, culture etc.) and services from durable goods (cars, heating systems and electric
appliances).The general form that is described above is being depicted with a nestisgheme as
it is appeared below.
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Figure 4: The consumption structure of the GEM-E3 model

Total Income

Consumption Consumption Disposable income
matrix by product Savings

Cosumption by

Consumption

purpose
Ccoicor
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Durable goods Non-durable goods and
services
Non durable
Durable goods
goods
1 Cas Food
| Heating Systems Clothing
T T fI  Electric Appliance Housing

Housing furniture and
operation

Medical care and health
expenses

Purchased transport
Communication

recreation, entrertainment etc.
Other services

Fuels and power

Operation of transports

savings

max Utility
S.t. Income

Aaa-a-a-a -4 -a-a-a-a

Consumption of non-durables
linked to the use of durables

The general specification of thelst stage problem, with atime separable StoneGeary utility
function, can be written as follows:

iAW p i 0K OdQzd TO8 0"Y) W ; [4.11]

where:
HCDTOTV . represents the consumption of goods (in volume),

stper,i: the subjective discount rate of the households, or social time preference,
che i the subsistence quantity of consumption,

bherit: the share of consumption in the disposable income of the householdsuseholds (equal to
unity in the standard version of the GEME3, where no leisure choice is considered)

The maximization is subjectto the following inter-temporal budget constraint, which states that
all available disposable income will be spent either now or sometime in the future:

p i 5 D080"YUHYD S PIAN 5 p i 207YY 0069IN; [4.1.2]

where:

rert: discount rate,

HODTOTe,: total private consumption,
PCl:: consumer price index

YTRy; : total available income of the households from all sources
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The nonwage income is income such as interest payments from assets, share in figpsofits,
social benefits, andemmitances. Based on myopic assumptions about the futurghe household
decides the desired amount of incomeFor a given timet, the hudget constraint becomes:

942, 9%) 30 [4.1.3]
where:
YDISR:; : the disposable income,

Equation [4.1.3] states that at a given period in time the sum of the total income and the value of
the household @me endowment will be equal to the income available for consumption and
savings.Under myopic expectations, the values of the right handide in equation[4.1.2] are
assumed to increase at a constant rate f (say, according to the wage rald)en the r.h.s of the
equation, combined with equation[4.1.3], for a given year (for exampleg=0) becomes:

p il s Op Qp OMO0OYS 06PANE GOOYD 06 QAN ;
p i [4.14]
p 0
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Where:

et the real interest rate. In the GEME3 model it is defined asi i; ‘YO0 "YD 'YAYVY "YOOY
YO YO Y@ 6 Yordhe case in which the country is member of the European Union andi

YO "YOOY O "YD 'Y @ § fob al the other countries.

ICer+: total available income at period t=0.

Equation [4.14] is the present value of the total income of thehousehold. The factor

B : can be approximatedby % , that isthe inverse of the real discount rate (foa T
o)

sufficiently large B : converges to —H).

At an arbitrary year the maximization problemof the household is
iAWy p i 0R OdQfd TO80"YD YO
such that:

p i 5 D086 0"YU'YD 6 QAN p i 5 Op 'Qp J06;
The Lagrangian of the above problem is:

flp ionR 2dQxd 108 0"Y0 YoMy, _Op 1 j 415
206 0OYOR'YD 6 @Ay  p "Qp J08j [4.15]
Taking the first order conditions and the budget constraint[4.1.2], the derived demand function
is obtained:

(I')'Qﬁ

3 . op iy Dé9 m
06 0°Y0 Yo, - P 'f ®

p i OR
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t 06 07YD W § [4.1.6]

p_p i on q&i’Q
_ i )

i
0 '

The value of the Lagrangian multiplied can be derived by summing ughis equation over time,
and substituting the demand functioninto the budget constraintyields:

p i 5 OD060"YGYD S QPIN 5 iﬂidoém p i 5 0069086 0O"YOY GQ

P o . s AP P OB Q5 p
iiﬁOohi p I 5 OJUO ©O= o 1 ¢ 50 iiﬁC}Ooh
. i OF
vop iop odas £ Looosps B LO2A5 P oo,
_ 11y _ iy oQp

Expressing now the equatior{4.1.6]for the current time period (t=0) and using the value of the
multiplier, the demand function used in the models obtained:

Tor

T i Oﬁ ,.\(*)QF\ L ./
o D ETYD YYD Yy OV 0 Y0 Yl psopo © OO ¥Y U0 U5 R0l Docex
06 0O"Y0 Ww i &R &0 ; [1]
. Ty " N e LV e T
o «Q y O YOOV YO Y @b ,ﬁw,chwO OO0 0 6 0y "QQi Qodcux
where:

660 069N ;:the minimum obliged consumption of goods.

Given the fact that the model is calibrated to a base year dataset in which households have a
positive savings rate, the computedtp is less than rr. The savings ratén the aboveequation is

not fixed but rather depends on factorssuch as the social time preference, the real interest rate
and the relative shares of consumption in total disposable income.

In an alternative formulation of the model, household allocates its income between present and
future consumption of goods and leisure. The utility functiortan be written as:

I AW p ion I@Q ;3 TOb0"Y0 YO 0d pd D0 G

where:
LWVert: represents the consumption ofeisure,
bleurt - the respective shares of leisure in the disposable income of the households

The intertemporal budget constraint is now augmentedso as to include the value of the
ET OOAET 1 AOGG OEI A AT AT xi ATO AT A AAT AA xOEOOAT AC
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where:
PLJ::: the price of leisure,
LTOTe,: total available time to households,

Based on myopic assumptions about the future, the household decides the amount of leisure that
wishes to forsake in order to acquire the desired amunt of income (thus also defining labour
supply behaviour). The budget constraint states that at a given period in time the sum of the total
income will be equal to the income available for consumptiarplus savings plus the value of
leisure:

942 O00GDYOFR 9$) 3000 D0 @

Assuming that the total available income increases at a constant rate (as in the standard problem
described above) and solving the maximization problem gives rise to the following firsirder
conditions, namely the demand functions for consumption and leisure:
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With the obliged consumption being now modified as to include the value of the minimum leisure
consumed.

At the second stage, totalconsumption is further decomposed into demand for specific
consumption goods. For this allocation an integrated model of consumer demand for non
AOOAAT AOG AT A AOOAAI Adbn AAOGAT T PAA AU #1171 OAA AT A 3

The rationale behind the distirction between durables and nordurables is that the households
obtain utility from consuming a non-durable good or service and from using a durable good. So
for the latter the consumer has to decide on the desired stock of the durable based not only on the
relative purchase cost of the durable, but also on the cost of those goods that are needed in
connection with the durable (as for example fuels for cars or for heating systems).

The consumer problem can be written as
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under the constraint:

0 "06 "QD6 0w § "0 "TOS § OYH Y6 [4.18]

where:

Uc: the level of utility,

ND: index of non durable goods,

DG: index of durable goods,

HCFV:consumption (in volume),

PHCFV consumption price,

SHINV stock of durables(assumed to be fi,

chcfv: the obliged consumption in volume,

bhcfv: the share parameter per consumption category,

Non-durable goods and services are denoted by the index ND while durables by the index DG.

The Langragian of the problem is

fl 06 "0 65 "QU "Y'O'00 ¢ G5@ QU _0 0 "06 "6 "0 b 06 "TVE G O"Y) Yo

Taking the first order conditions:
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Substituting the above equation inta

34



0 "06 "6 "Ow O 6308 G O YG "Y® 0 "06 "@I0E "Om (@ "QU

(o]

O "OB06 § OYD "Y®O U 08 "CWIB QU

5 T 3 (I,)'gé:) "Ql‘) ’, v 3 Tt . VI 3 ’ Tt \
t v 00 C)L)T 00 "Ow uXo "Qu 0 Y'O00 w oX2o "Qu

I Po

b 06 "TOB 6 O"YG Yo b 06 "W 05 "6

p
B 006 "(Jk?—n—w%ooq o 08 "0 (& "QU B YOO o & "QU

D0 "06 "TOS G 0"YG "Y® 1 06 "TWI® QL
Usingthe value of the multipli er, the demandfunctions to be used in the model are obtained:
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By substituting demand function[2] in the utility function [4.1.7], one can derive the following

expenditure function &£l O T 11T AOOAAI AO j 3AEOEAAO jpwwpq g
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Therefore:
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where HCNDTOT is equal to E, the total expenditure on non durables, whiikies the (minimum)
expenditure on non durables given the stock of durables and the utility level U. By assuming that
the householddecidesthe amount of stock of durables the cost of using a durable is obtained by
differentiating the above expenditure furction with respect to the stock of each of the durables

10 G QU IO § 'O"Y) BY 0 "O8 "0k "QU
1Y'0'00 ® “Y'O'00 @B QU

The cost of operating the durables (i.ehe consumption of linked non durables) is included irthe
user's cost of the durale PDUR
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where:

declhygers: the replacement rate for durable goods
txproperty qg.e.: the property tax for the durables
Ind: the set defining all linked nondurable goods

PUHCFVD(,dgert: the user cost of linked nordurablesincluding the abaement cost,
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MINCONShd,dg.e +: the rate of minimum consumption of the nondurable good that is needed for a
positive service flow to be created,

dispconsnd,dget: the rate of the consumption of the linked nondurable good that is used along
with the durable so as to provide positive service flowThat isthe consumption of non durables
per unit of durable (e.g. consumption of gasoline by a car),

56 BB R
00 OO'GHG, ;

[4]

QQ NOE &R OIRQ § F F‘OG
where:
alphadispnd,dgers: @ ratio coefficient,
etadiSpindnders: aprice elasticity.
PCl:: the price index of private consumption in yeat

The last part of the user cost equation links some nedurable goods to the use of durables. Energy
is the main linked nondurable good. Energy complements the use of durables in order for them
to provide a positive service flow. Consumption of energy does not affect the expenditure of
durables through the change in preferences but rather through the additional burden in the user
cost.To calculate the desired stock levels of the durables, this quantityset equal to the marginal
cost of holding one more unit of durable goods for one period. The desired stock of the durables
is:

6@ QU |,

YOOy 6K QU TOVY ¢ D06 6 'OY§"Y 006 Oy 5B QU f [5]

where:
PHCF\;: the price of private consumption category,

The demand for linked nondurable goods, coupled with the use of the durable is then:

QQ Nwg &k 6QE 0EEF

DOUOVLOG 7+ Q0aa ¢ Q.Jh p

IY'000 ¢ [6]
where:
efi_llndang,ag,e : €fficiency parameter for household.

If there is no need forthe use of thenon-durable good minconSingdg.e.t in the first equation of the
linked non-durables becomesero, and thus:
G5B QY
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investment in durables plus consumption in nordurables usedwith durables.
06 0O"YUr'Y 06 6 O°Y§Y 06 "'Og D 06 Oy 000606 5 06 Ogp [8]

where:
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B 06 O j: represents the changen stocks of durables or in other words, the net investment
that is necessary to move towards the long run equilibrium durable goods levels.

Assuming a rate of replacemendeclh, this investment is equal to:

"Y'O'00 or, 0 &N JY'O0U yoy; N
‘06 "06y R p ‘ h h R 2p QUG ; 0 [9]
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where SHINVygert-1 IS the stock of durable goods of the previous periodwhich is known in the
current period. The demand for consumption categories is then transformed into demand for
products through a consumption transition matrix with fixed technical coefficients:

\,,(D’:)“Qx N

%305 0@ h &

Q [10]
Equation  [10] determines the final consumption expenditure of the householdsThe total
consumption, for all goods, in a country is given by:

06 oy §

'06 0"Y0 Wa 06 6x § [4.1.10
]

The consumption transition matrix is also used to compute the consumption price by function, as
the weighted average of the delivery priceof products to private consumption (PH):
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A costof-living index can be derived as the ratio betweenhe value and the volume of
consumption; it gives the change in the consumer price relative to the numeraire.

+ ... B 0’0085 306 ay f
Lo'® B 08 o 7

[12]

4.2 Firms b ehaviour

Each producer (represented by an activity) is assumed to maxime profits, defined as the
difference betweenthe revenue earned and the cost of factors and intermediate inputs. Profits are
maximized subject toits production technology. Domestic production is defined by branchlt is
assumed that each branch produces a single good which is differentiated from any other good in
the economy.Production functions in GEME3 exhibit a nested separability scheme, involug
capital (K), skilled and unskilled labour (0 , 0 ), energy (E) and materials (M) and are
based on a CES nedassical type of production function. The exact nesting scheme of production
in GEME3 has been selected to match availableconometric data on KLEM substitution
elasticities and the specific features of each activityThe optimal production behaviour can be
represented in the primal orthe dual formulation. Their equivalence, under certain assumptions,
can be verified by the theory of production behaviour and is illustrated with the following
formulations.
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The primal formulation is given by:

M0 Ty M 200
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0 ad'0 B 0 ¢ vy (zero profit condition)
where:

XD: production in volume,

Xi;: production factor,

P:: the output price of domestic production

1ij: scale factors for the production factors (intermediate consumption, energy, capital and
labour),

PX;: the price of the factor |,

A: the elasticity of substitution.

The last factor in the equation reflects the technical progress that is embedded in the production
factors (tpj is the rate of technical progress embedded in productiofactor j ).

The dual formulation is given by:

I o
(A)h w h G(Iﬁ

0 adO B 0 ¢y vy (zero profit condition)

It can be proved, that under constant returs to scale, the two formulations are exactly the same.
In both formulations, an equation for the equality between desired and existing capital is added
and one of the(j+1) equations (j derived demand functions and the zero profit condition) are
redundant:

- Either the demand of capital is redundant and the zero profit condition serves to compute
the rate of return on capital

- Or the zero profit equation is suppressed and the equilibrium on the capitaharket
determines the rate of return on capital.

It is easy to prove that the primal andthe dual formulation to the same solution.

In the model the dual formulation is used and the long run unit cost function is of the nested CES
type with factor-augmenting technical change, i.e. price diminishing technicethange.The firm (at
branch level) decides its supply of goods or services given its selling price and the prices of
production factors. The production technology exhibits constant return of scale. The firm supplies
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its good and selects a production techrogy so as to maximise its profit within the current year,
given the fact that the firm cannot change the stock of productive capital within this period of time.
The firm can change its stock of capital the following year, by investing in the current orgince
the stock of capital is fixed within the current year, the supply curve of domestic goods is upwards
sloping and exhibits decreasing return to scalé.

Figure 5, Figure 6, Figure 7, Figure 8, Figure 9 represent the nesting structure for the different
activities included in the GEME3 model.

Nonenergy sectorsAt the 1st level, production is split into two aggregates, one consisting of
capital, labour, energy bundle (KLE) and the otherconsisting of materials (MA). At the 2d |evel,
(KLE is split in two aggregates, one consisting of capital and labour bund{&L), and the other
consisting of energy ENQ. (MA) is further divided in its component parts (e.g. Agriculture,
Industrial activities, Services etg. At the 3rdlevel (KL) is split into capital and skilled labour
bundle (KL_skld, which is further decomposed at the # level between Capital and skilled Labour
and unskilled labour (L_unskld, whereas ENQ is split in electricity and fuels EN) (Figure 5).

Resource sector&or the sectors whose production is based on natural resourcest the 1st nesting
level production is split betweenfossil fuelresources(REJ and an aggregate bundleansisting of
capital, labour andmaterial-energy (KLEMrg. The latter at the 2d stage is disaggregated in the
material-energy bundle MAENTr9 and the capitatlabour bundle (KL). At the 3 level the capital-
labour bundle (KL) is split in capital and skilled labour (KL_skld) and in unskilled labour. The
material-energy bundle (MAENTr9 is divided into its component parts Finally capital-skilled
labour bundle is spit into capital and skilled labour(Figure 6).

Power supply sectordAt the 1st nesting level of the power supply sector, production is split into
two aggregates, one consisting @ bundle of power producing technologiesTECH and the other
of thetransmission and distribution part (DIST). At the 2d level,all power producing technologies
identified in the modelare in the same nest whereathe (DIST) bundle is disaggregated to capital,
skilled and unskilledlabour and materials(Figure 7).

Power producing technologiesone level production function that includes capital,skilled and
unskilled labour and fuelsis assumed(Figure 8).

Refineries the nesting structure is similar to the norenergy sectors with a change in the top level
of the nest where the two aggregates are novkKLEM and fuels FUEL (Figure 9).

13 This description applies only to the most rigid of the capital mobility assumptions that are available in the model variantghere
capital is assumed immobile across sectors and countries in static terms. When capital is assumed malleable across seamolsr
countries, then the capital stock by sector can adjust even in static terms, but the overall capital resources availabldheo¢conomy
(of the country or the EU as a whole) within each timgeriod are constant.
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Figure 5: Production nesting scheme in the GEM -E3 model z Non energy sectors
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Figure 6: Production nesting scheme in the GEM -E3 model z Resource sectors
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Figure 7: Production nesting scheme in the GEM -E3 model z Electricity supply
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Figure 8: Production nesting scheme in the GEM-E3 model z Power producing technologies
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Figure 9: Production nesting scheme in the GEM-E3 model z Refineries
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Below we provide the derivation of the optimal factor demands and the unit cost function for a
two factor production function. The 1st nest of the production function has the following form
(consider the case othe non-energy sectors):

®O 00§D Wwé § OOMOIHG ; O— M oIH  O—
where:

XDyr: the domestic production,

KLE,: the CapitalLabour-Electricity bundle,

MA:: the Materials bundle in production,

K1: the elasticity of substitution betweeno 0 ‘candd 6

tfp: the total factor productivity ,

tfpexo: the exogenous total factor productivity;

OEA @& andO E A Onp : vplue sharesderived from the base year dataet.
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These value sharesre calibrated using the observed values and volumés the base year
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The dualfunction representing the unit production cost, on he other hand, is expressedh the
following way:
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where:
PDyr ert: the deflator in domestic production,

PKLE, ;. the deflator of CapitatLabour-Electricity bundle,

PMy eri: the deflator of Materials bundle.

Optimal factor demand is derived from Shephardl @mma. The assumption that the stocks of
capital and labour are proportional to the optimal flows (i.e. the capital and labour services
derived through the Shephard IBmma) in volumeis made.

In particular the cost minimization problem (for the 1st nest) is:
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Solving the cost minimization problem and using Bephardd @mma we obtain the following
compensated demandunction:
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Where CQ;.r,: is the cost function at the benchmark year.
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Similar results are obtainedwhen technological progress offactor productivities are included in
one or both factors:
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Similar formulas can be derived foreachlevel of the nesting scheme of the production function,
always linking the demand for a factor at a lower level of the nesting scheme to the bundle to
which it belongs, with different substitution elasticities at each level. This gives finally a cost
minimising demand for each production factor
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where:

ENor ers: the demand for energy

PEyerr: the unit cost ofenergy,

ENLyr.er: the electricity demand by sector,

IOV orer,t: the deliveries between branches,

P1Oy.er,: the input-output delivery price,

ENyrerr: the fuel demand by sector,

PEyort: the aggregate fuel price,

PEUPR: r+: the energy price including abatement cost,

tgeprert: the technical progress on energy,

LAV_sKIgher, LAV_unsklgrer:: the demand for skilled and unskilled labour respectively,
PL_skldyert, PL_unskldyers: the unit cost ofskilled and unskilled labour,
tgl_skdprert, tgl_unskldy er,i: the technical progress oskilled and unskilled labour,
MAy: er 1 the demand for Materials,

PMyrert : the unit cost of materials

tgmyrers: the productivity in materials,

tgeprert : the productivity in energy use.

Equations[25], [26], [27],[28] and [29] represent the demand for intermediate consumption of
commodity br used in the production of sector PR with PlQyer: being the unit cost of the
intermediate good.

Under the above specification, the zero profit condition is always satisfied (and hence not included
in the model text):

G'OHHQI)'OHH 6()[‘)'@53:)0035 Gﬁﬁﬁd‘)aﬁﬁ
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Substituting the demand functions into the production functions the unit cost functions are

derived:
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For the depletable resource sectorgeserves are considered to be a discrete production factor.
The international price of the fossil fuel is calculated so as to balance total supply and total
demand. Reserves are subject to depletion @n exogenousgrowth rate (growth_RES$). The
exogenousgrowth rate is calculated based on the remaining reserves, the reserves consumed at
the previous period, the reverses that are yet to find and the unit cost of the of the fossil fuels.

YO0 Op Qi £0VO0Y YO'Y'Oq [63]
h
O0YOY®; 0®YOYE [64]
Where:

PWRESEF:s,«: the international price of fossil fuel,
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RESFQ,rs.ert0: €X0genougeserves of fossil fuels at the base year

4.3 Bottom z up representation of the electricity sector

CGE models have been criticised for their simplified modelling approach of the energy system.
The usual CGE representation ofhe energy production by meansof aggregate production
functions fails to capture crucial characteristics of the sector reducing the credibility of
simulations related to energy policies and technology dynamics. The bottom up models employed
instead, ignore the feedbacks from the interation of the energy sector with the wider economy
within which it operates.

The development of a modelling framework that encompassete multi market equilibrium of
top down modelswith an engineering consistent representation of power producing technolgies
constitutes a longstanding challenge in applied energy policy analysis since tigbrid CGE model
of Alan Manne (1977}4. Many different approache® have been employed to link bottom up and
top down models and can be classified in two main categories

(1) Hard link approach that is,integrating both bottom-up and top-down featuresin a
consistent modelling framework. Such an integrated framework is provided by the
specification of market equilibrium models as mixed complementarity problems (see
Cottleand Pang [1992], Rutherford [1995]).

(ii) Softlink or decomposition approachvhere bottom-up and top-down models are run
independently of each other (BEhringer & Rutherford (2008), Bergman [1990],
Hudson and Jorgenson [1974] In this case results from onamodel are fed into the
other, and vice versa.

A characteristic example of the first category idn BEhringer (1998) where the electricity
generating technologies are modelled as specific activities within a mathematieptogramming
representation of the electricity sector, which is embedded directly in a computable general
equilibrium model. In particular his approach is based on the complementarity formulation of the
general equilibrium problem while the representation of the electricity producing sectes is based

on Koopmans (1951) activity analysis framework. The standard aggregate production functions
(C.E.S. or CD) used in the model are replaced by a set of discrete Leontief technologies (fixed
input/output vector).

Towards the same direction liesMcFarland et al. (2004) [EPPA model] who suggest a more

flexible format through a C.E.S. representation of energy technologies. Their approach consists of

splitting the energy sector using engineering bottom up d&& AT A OEAT AAI EAOAOQA
smooth production functions on these data. In particular in their approaclhe cost estimates on

capital, labour, and fuel inputs are used directly as the CES share parametétse nesting scheme

of the production function allows for the appropriate input substitution while the control of

technology penetration rate is based on an endogenous quasi fixed factor coefficient introduced

14 ETAZ Macro model where the processnalysis ETA sub model of the U.S. energy system was linked with a one sector mauodel
of the U.S. economy in a non linear optimization framework

15 Jochem 1999, Muller 2000, Kemfert [1])Messner and Schratenholzer, Koopmans and Willem te Velde 20@tikan and
Kumbaroglou 2001.
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at the top level of the C.E.S. production function. Each technology produces electricity through a
C.E.S. aggregation of ifgrimary and secondary inputs (low elasticities of substitution chosen at
this nesting level), while total electricity production results from a CES aggregation of all power
technologies represented in the model (high elasticities of substitution at this rsting level).

A disadvantageof this approach lies in its treatment of investment decisions. That is, investment
is either allocatedto electricity technologies exogenoushor decided at the level of the aggregate
electricity sector and then allocated to each technology using a logit function. This investment
formulation although it allows for multiple technologies with different costs to coexist is not
sufficient to represent the investment behavior of the electricity sector (i.e. each sector should
decide the level of investment as a function of its profit function and then this investment demand
should be translated to demand for investment products produced by other seatg). In addition
the non-smooth (kinked) representation of power supply results in sharp shifts in the technology
mix of electricity production implying unrealistic swift switching between technologies

The second category refers mainly ta decompositicn method that links bottom up models with
top down by combining different mathematical formats z mixed complementarity and
mathematical programming. InBEhringer & Rutherford (2008) mixed complementarity methods
(MCP) are used to solve the toglown economc equilibrium model and quadratic programming
(QP) to solve the underlying bottomup energy supply model. Then they reconcile equilibrium
prices and quantities between both models through an iterative procedureHgure 10) portray
this iterative solution process).

Hybrid Bottom Up Top Down (BUTD CGE models are still rare in the policy modelling literature
due to difficulties arising from the integration of macroeconont and engineering data in a
consistent way. E3MLab hasdesigned and incorporated into the GEME3 modela bottom up top
down module. The motivation for this development was the need for a better representation of
the electricity sector investment decision. Toward this end electricity producing technologies
were treated as separate production sectorsvhile their investment decision is discrete. The
advantage of this approach is that its fully consistent with the general equilibrium framework
while it leads to a full identification of the technologies The rest of this section provides details
on the exact femulation of the newly incorporated electricity producing sectors and on the
reconciliation of engineering and input output economic data.

Figure 10: Iterative decomposition algorithm suggested by B Ehringer & Rutherford (200 8).

E Energy supply. i
. 1
I[-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_T
Top Down model Bottom up model
(formulated as MCP) (formulated as QP)
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The bottom-up representation of the electricity sector extends the work performed withinthe
DYNGEMS project. The development of the database on generation costs, technology market
shares and share of transmission and distribution cost to total cost of electricity production has
been based on the TECHPOL database, the ENERDATA database amdPRIMES model
database’. The technologies incorporated in the GENE3 model are presented inrable 9.

Table 9: Electricity producing t echnologies represented in GEM -E3 model

No | Description No | Description

1 Coal fired 6 | Hydro electric

2 Gas fired 7 | Wind

3 Qil fired 8 | CSP and Photovoltaics
4 Nuclear 9 | Coal CCS

5 Biomass 10 | Gas CCSs

Electricity producing technologies are characterised by different cost structures and conversion
efficiencies. The projections about capital, labour and fuel costs are substantially important since
they influence the degree of use of each technology in pewgeneration.

Generation costs are conceived in three categories) investment costs ii) operating and
maintenance costs andii) fuel costs. Unit cost data and projections to the future for the first two
categories were extracted from the TECHPOL arRRIMES database. The fuel costs depend on
other variables ofthe GEME3. The data for each technology as introduced in the model are
presented inTable 10.

The shares of each technology in power generation in the base year are introduced from energy
balance statistics. Some of the potential technologies that may develop in the future are not used
in the base year. Since the production function for power genation is calibrated to the base year,

it is necessary to introduce artificially small shares even for the non existing technologies in order
to allow for the possibility of their penetration in the future under market conditions.

Table 10: Electricity production cost shares

Coal Gas
fired Oilfired  fired Nuclear Biomass Hydro Wind PV

Agriculture 25.0
Coal 24.3
oil 70.6
Gas 73.2
Chemicals 6.7

Other
Equipment
Goods 5.0 0.5 0.5 0.5 1.5 1.0 9.8 0.8

Construction 3.0 2.0 4.7 1.0 15 3.0 5.8 6.7

16 The Dynamics of Innovation and Investment and its Impact on Policy Design in Energy and Environment for a Sustainable Growth
in Europe, DYNGEMES3.
17 The Primes model database isot availableto the public
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Capital 56.6 22.3 19.3 87.6 67.4 80.3 80.0 83.2
Labour 111 4.7 2.2 4.2 4.6 15.7 4.4 9.2
Total 100 100 100 100 100 100 100 100

Source: Calculations based ohECHPOL and PRIMES databases.

4.4 Input -output and bottom up data reconciliation

The Input-Output tables represent the electricity sector as an aggregate of two activities, the
power generation and the transmission and distribution of electricity. Thigletail is not sufficient
for the development of thebottom up model, so it has beemecessary to split the InputOutput
column and row in different activities, some corresponding to power generation by technology
and the rest corresponding to transmission and disibution of electricity. The split was
performed by combining data from energy balances andompany related economic data on
generation and transmission and distribution activities by country. The aggregate data were
based on Eurostat, IEA and USA DORBtsdtics!e.

In order to disaggregate the power sectoappropriate mapping has beerspecified between the
entries of the Input-Qutput table and the engineering information retrieved from the technical
databasesFor this purposedata on capital cost, fixedperating and maintenance cost, fuel cost
and other variable operating and maintenance costs, related to the energy producing technologies
to be incorporated in the modeffollowing cost elementshave been extracted from the engineering
database

The unit costs have beerassociated with the corresponding cost elements of the Inpt®utput
statistics, according to the following principles:i) annualised capital costs correspond twadly to
operating surpluses, i) fuel costs correspond to the fuel input,iii) fixed operating and
maintenance cost correspond to an-energy inputs (materials), i) variable operating and
maintenance costs are associated with wages and salaries paid to employees in power generation.

Since the entire GEME3 model is calibrated on thesocial accounting matrices the macroeconomic
data have been keptconstant and the market and cost shares of the technologidgve been
appropriately adjusted. The purpose of the calibratiorhas beerto depart as little as possible from
the flows suggesteddy the engineering information while respecting exactly the totals appearing
in the original input output table. For this purpose a cross entropy method has beeapplied?e.

The formulation for the power technologies used in the GEME3 model,(as presentedin the
previous section) allows for no substitution between different power technologies and is
expressed in a Leontief form with constant shares of the power mix

18 For example, the disaggregation shows that the generation cost accounts for over half of total cost and in most E.U. cosrtinigy
account for over 60% while transmission costs range between 5% and 10%

19 This calibration technique cannot be applied unifamly since each country has specificities that must be respected. For example
there are cases where the input output data do not register a flow from agriculture to electricity (biomass fuel), or the @ngering
data suggest such capital allocations thagéd to unrealistic investment to capital ratios by technology. Adjustments of data were made
in order to cope with these difficulties.
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4.5 Investment demand

GEMES3 is a recursive dynamic model (solved sequential over time). Tisequential equilibria are
linked through a motion equation regarding the update of the capital stock. According to the
standard neoclassical approach agents investment decision depends on the rental cost of capital
in the presence of adjustment costs andrpits replacement cost. In GENE3 agents have myopic
expectations Their future planning is based on current prices. It is assumed that investment that
takes place in time t increases the production capacity at time t+1

Figure 11 illustrates the investment decisions of the firm in the GEME3 model. The basic
methodological approaches to investment specification include the accelerator model (AMand
g of Tobin (1969)21.

Figure 11: Investment decision of firms

Investment matrix
(fixed factor coefficient matrix 1 p|
column sums to 1)

Investment by
product

A

Investment by firms

Investment decision
(optimal capital stock)

The law of motion of @pital stockis:
VOWEGRr P Qfppn DOOG 00 o f
where:

KAVG et capital stock by branch,

dprert: depreciation rate,

KAVGrerr-1: Ccapital sbck of the previous period

20 AM assume that optimal demand of capital is a function of the production level 6 &6 ‘ Qb0 . Prices, wage and interest rate
have no effects on the formation of capital demand. Thus since the model assumes immediate adjustment of capital to the @btim
level, investment is also a direct function of the production level'O0 wg 0 0 &G U @d” 000y WOy AN
alternative to this approach regards the norautomatic capital adjustmentO0 we@ _J0 0 W§ UL O WG

21 According to this approach, net investment depends on the relationship beeen the market price of the capital good and its
replacement cost.
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INVVjpr ers: investment byfirm in volume.

T OAOCOI AT O AT OAOO OEA AEAT CA ET /EE.0ding the abdra@el 1 OE Al
Tobind §according to Hayashi (1982) the firmdecides the optimal level of investment according

P R
FRO  h RA
that the firms always replace the depreciated capital O+ ! 6 # ; . Hence the investment
function becomes:

to the rental price of capital andits replacement cost( ). Itis also assumed

005
00 @ 006y D hh

000 @rO1 15 Q5§ PR
This function is modified in order to take into account: i) adjustment/installment investment costs
(a0inv), ii) flexibility to replace capital (sn4), iii) speed of adjustment &1inv), iv) exogenousE O & O
expectations on future profitability (stgr) and v) productivity of capital. The investment function
entering the modelis [65].

3 Goﬁﬁ
CEICQE & 50 8 Gk RO 000 g O'Y0 YD YIOYD "YOROY 0 YD Y& 0 Y b D0 by
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rr p oG P QRO
r QI Q6gx
where:

PKorert: the user ost of capital,

PINVyr ert: the price of investment,

declyerp-1: the depreciation rate of the previous period
stgrurers: the expected growth rate of the sector

alinvyrery @and alinvprery regard capital adjustment and price elasticity respectivelyalinvp e is

the respectivel value of the accelerator model when capital does not adjust immediately).
Investment increases the production potentials of the firm from the following period. Theinit

cost of capital results as the dual price of the equilibrium function of the available and the
demanded capital stock.

&EOIi 60 ET OAOGOI AT O EO OOAT Ol AGAA ET O1 AAIT AT A A& O
rest of the sectors of the economy ttough an investment matrix of constant coefficients

tiNVPVor,or :

05 6B 608 b OV PRE e 66
OOy O 8Ummh3706(}mdaﬁ 0o @ p [66]

The next period capital stockis given by the equation:

P p QAWM (67]

VO WG § P QQxF DO oy j 00 G, JO0 w gk
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Since the capital is fixed within each period, the investment decision of the firms affects their
production frontier only in the next period.

The investment demand of each branch is transformed into a demand by product, through fixed
technical coefficents, derived from an investment matrix by product and ownership branchl'he
investment matrix is computed using the intermediate goods used in the production of capital
goods and datgrovided in the literature on the inputs delivered by the sectors of tle economy to
the investments undertaken by eachsector of production. The standard approach when no
additional data are available is to use the same coefficient structure for each branch. This
approach can be extended when additional information is availab on investment by branch and
on the structure of capital formation.In order to make changes in the investment matrix a simple
procedure is followed. The initial investment matrix (with the same coefficients in each branch)
is updated with the newinvestment shares Thena RASprocedure is followed in order to ensure
that the total of each row and column of the investment matrix remains constant antthat the
model remains balanced.
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4.6 Government b ehaviour

The Governmend Gehaliour is exogenous iIlGEME3. Governmen® fihal demand ((CVprery) by
product is obtained by applying fixed coefficients(tgcvpre) to the exogenous volume of
government consumption(GCTW 1):

00 oy ; OO0 YD "Q(I)p() FQIQ0 06 T [68
"06 @ i
"QQhowo 0ol J06 o ;
[69
5706 5 JO8 Gy 000 05 JO0 00 fp 5 D@ OO0 G 0O J00 G g D ]

Where:
sh_gctver s coefficient that relates government consumption with GDP evolution in case where
swGC switch is activated

INVPVprr brert: iINVestment matrix,

PINVPQ:urer: price of deliveries to investment in the base year,
EXPQercrit: bilateral exports,

PWEDQ.¢r: price of exports in the base year,

IMPyr er: imports,

PIMPQ,r: price of imports in the base year,

PGC@: er: price of government consumption in the base year,
PHCQ,er: price of household consumption in the base year,

br and prr are sets aliased withpr. swGds the switch parameter which allows for endogenous
computation of government consumption.

Public investment, assumedexogenous in the model, iperformed by the branch of nonmarket
services. Transfers to the households are computed as an exogenous rate per head times the
population.

On the receipt side, the model distinguishes between 9 categorie§ receipts namely: i) indirect

taxes,ii) environmental taxes,iii) direct taxes,iv) value added taxesy) production subsidies,vi)

social security contributions,vii) import duties, viii) foreign transfers andviiii) government firms.

These receipts ae coming from product sales (i.e. from branches) and from sectors (i.e. agents).

The receipts from product sales in valueRG, which include indirect taxes, the VAT, subsidies and

duties, are computed from the corresponding receipts in value, given theXdase and the tax rate.

The receipts from agents are computed from the tax base and the tax rate (social security

AT 1 OOEAOOET T Oh AEOAAO OAQAOEI T qh OEAOA 1T &£ Cci 6A0i
income) or exogenous (transfers from ando the ROW).
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4.7 Domestic demand and trade f lows

The demand of products by the consumers, the producers (for intermediate consumption and
investment) and the public sector constitutes the total domestic demand. This total dema#tds
allocated between domestic products and imported products, following the Armington
specification. In this specification, branches and sectors use a composite commodity which
combines domestically produced and imported goods, which are considered as imperfect
substitutes (Armington assumption).

Each country buys and imports at the prices set by the supplying countriésllowing their export
supply behaviour. The buyer of the composite good (domestic) seeks to minimise his total cost
and decides the mix of imported and domestic products so that the marginal rate of substitution
eqguals the ratio of domestic to imported product prices.

Figure12: Trade matrix for EU and the rest of the world

Composite good
(Armington mix
through relative

prices)
*
| |
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Bilateral trade matrix — produced goods
(country and sector of [ (re ‘i)on a) for domestic
origin) 9 consumption
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453
Exports
.
Domestic
production
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r
Domestically produced
goods for domestic
consumption (region a)
GEM%o Ai DI TUO A TAOGOAA ATi i1 AEOU A CQoaidendatudsl 1

modelled as demand for a composite good or quantity inde¥ (Figure 12) which is defined over
demand for the domestically produced varian{XXDB) and the aggregate import good(IMP)). At a
next level, demand forimports is allocated across imported goods by country of origirfFigure
13). Bilateral trade flows are thus treated endogenously in GEHE3.

22In the GEM%o [ 1 AAl EO EO AOOOI AA OEAO OEA AOUAOBO AAAEOEIT EO
specification is applied at the level of total domestic demand farach sectot
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Figure 13: Domestic demand and trade flows nesting scheme
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The minimum unit cost of the composite good determines its selling price. This is formulated
through a CET unit cost function, involving the selling price of the domestic good, which is
determined by goods market equilibrium, and the price of importedyoods, which is taken from
thedi AGAT 1 OI ET COI 18 "U APDIUET ¢ 3EADEAOAGSO 1 AII 4
goods and for imported goodss derived.

In particular the cost minimization problem (for the 1stlevel) is:

I E® 5 00O R AOO0R 5 000§  JO0 05 j

where:

PXDy ert: price of domestically produced good

XXDyr ert: production for domestic use

PIMPpr,er,t: |mp0rt prICe,

IMPpr er t: imports.

such that

h h h h h R

DOpr 00RO ﬁﬁ:ﬂ)(b'Oﬁﬁﬁﬁ P 1 mH O'Oi‘)ﬁﬁﬁﬁﬁ

where:
Yorer - COMposite good

AGy ey Scale parameterin the Armington function,

1prert: Shareparameter estimated from the base year data related with the value sharesXXDy e ¢
and IMPy; e in the demand for composite goodpr e,

K> the Armington elasticity between imported and domestically produced goods.
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where:
IMPGr ert: the competitive imports by branch
PYorert: the unit cost for the composite good
0 h h

p FoRR o~ s % R BOR o~ FoR AT .,,[72

5520 hh DOURETTO P T R D OO ; FEORIE @iRR O G ]
000 § 5 QTN GQO LN
0 h h
[73]

500G 0 000y 00f D oi Q@#ﬁ)ﬁ@@ Lo s ORI Gi B0 BT

where:
PIMR,: the price of imported goodPRcomputed as an averagef the overall trading partners,

rtxd prert: the parameter indicating the share of imports in total domestic demand of non traded
goods

txsubyr ez the subsidy rate

brt: traded branches,

brnt: non-traded branches

theta_dkav e : value shareof capital in the aggregate (KLskld) bundle or in the production.

Equations [71], [71] derive from the Armington equation, i.e. the assumption on imperfect

substitution of domestic and imported goods, and thereby refer only to tradable goods. The term
OOOAAAAT A6 EO 11T x OOAA O A@DbOAOGO OEAOQ gbdaA ! Oi EI
AT A ATAO 110 1 AAT OEAdnt)&ie Aot idpoitetl or Expoktdd but mdieadCT T A O |
that they are not considered as substitutes to domestic goods.

where:

Total imports by branch in volume terms are given as follows:

00 0r O00GR ODODURR for pr=brt [74]
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Equation [74] indicates that imports of tradable goods are the sum ofompetitive imports,
deriving from the Armington equationand the non competitive imports Non competitive imports
by branch aregiven as a fixed share of domestic production

O000py 10Oy AIBMDAOO [75]
00 O 1 00 sy AIBID AORDBE MOAA &x [76]
00 Of ¢ D o 000 G i EIKDAOT&@@EAACE&A@[ [77]
where:

rtncprer - the share (fixed) of non competitive imports per unit of production

The equationaboveindicates that imports of non tradable goods are a fixed share of total domestic
demand, while imports of non tradable goods that are not domestically produced (i.e
theta_dkaw0) must be equal to total domesticsupply and to total exports of the good.

At the 2nd level, import demand is allocated across countries of origin using again a CET funntb
form.

00D § § HQO @ 1" "D @@ O § A [78]

where:
PIMP,: or1: the price of total imports of gopodPRdemanded by countryER

betayr ercrt: the share parameter for Armington
sigmayr er; - the elasticity of substitution,

PWXQ ercri: denotes import price of goodpr for country EUoriginating from country cr :

5o on T ey, hy Ny, rooN 06"@
VWWUrah VLWORE OWQOWERS

¥ 506 6v0 O DD OTA R DYY R [79]

where:
PWE ;. the export price in international currency,
cif_vtwr i prest: the demand share for transport marging

PTRunt .. the international transport margin price.

The GEME3 model distinguishes between three types of transport services, namely water, air and
inland. The international transport margin price is determined by the following equation:
0 YY g D6 B0 i  Fh B [80]
Lwa
Where:
thetavstim,err: measures the share of each country in total international transport margins the
base yearThe activity level of each type of transport is defined as
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DY ODOQ OO0 G AQVD O if | F [81]
(N
vtagun, : the output per type of transport in the international pool in the base year

Exports of transport services are given by
- OO0 G dAD VIR rrr DOYEDVOOR [82]
h h

The bilateral import price equals the export price of the exporter in case of tradable services, while
in case of merchandise sectors the bilateral import price is given by the export price plus the
bilateral cif/ffob margins.

Thereby, the equation to estimate bilateral imports derives from the second level of the CET
function taking into account the bilateral import prices in order to estimate the optimum bundle
of imports originating from each country.

In particular, for computing IMPQy cr cst:

hbh "0 10y 1 00é an o 00D Qg
RoR R R R

where:

IMPQyr o cst: denotesimports of good pr demanded by countryeufrom country co.
0 00 § f hoh
0 OAO0R §

000 G 5 O0 O f O DQO K5 f [83]
Bilateral exportsare then given in orderto satisfy the Walras law by equating the exports

of sectorpr of country coto country er with the imports of sector pr of country er from
country co.

Export of services from countrycr to country cswill be equal tothe bilateral import of services of
country csfrom cr. The model ensures analytically that, under the above assumptions, the balance
of trade matrix in value and the global Walras law is verified in all cases. A trade flow from one
country to another country matches, by construction, the inverse flow. The model ensures this
symmetry in volume, value and deflatorThus the model guarantees (in any scenario run) all
balance conditions applied to the world trade matrix, as well as the Walras law at the level bkt
planet.

4.8 Current account instruments

The model allows for a free variation of the balance of payments, while the real interest rate is
kept fixed. An alternative approach, implemented in the GE3 model as an option, is to set the
current account of a ountry or of the total EU with the rest of the world (RoW) to a prespecified
value, in fact a timeseries set of values, expressed as percentage of GDP. This value is obtained
either as a result from the baseline scenario or is given by the modeller asfzare of GDP through

the parametershare caer: . As a shadow price of this constraint, a shift of the real interest rate at
the level of the EU is endogenously computed. This shift is proportionally applied to the real
interest rates of each membeistate.
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This mechanism enables a robust comparison between scenarios since the modeller does not
allow for additional borrowing/lending (in GEME-E3 borrowing/lending is in real terms the
balance of trade) of the country due to scenario policies but instead allower an endogenous
change of the real interest rate of the country/region. For example, in a climate policy scenario
with a fixed current account as a share of GDP (fixed in baseline levels), the country/region under
constraint cannot increase its importsas a reaction to increased unit cost of energy and thereby
sustain levels of consumption and welfare but instead has to face an increased real interest rate.

The option of a constant current account as a percentage of GDP is activated in the model by a
switch parameter. In order to sustain the current account as a share of GDP in baseline levels for
a country, the respective switch parameter to be activated swvoncay; , while in order to achieve

the same constraint for the aggregate EU the respective switch parametersg/oncaey. The
respective equations arg85], [86] while equation [85] is to be activated in order to obtain a pre
assumed share of curent account to GDP (equal tshare ca.r;). The switch parameter for this
equation isswoncafixr; .

YYYOp (@QOO YR | QO 0¢ & OGQRAD [84]
YYYOHr § 01 a0 isiaxdgn i QR véE dGQa [85]

YYYODE |61 Ra0iaNed | QORI Qochk U éE bGQa (86]
where,

SURPLe;: the surplus of the country with the rest of the world (namely the balance of trade)
surplwrrffx ¢t: the share of current account in gross value added in the baseline scenario.

surplwrrffxeu ers: the share of current accounbn the EUregionin gross value added in the baseline
scenario.

VU the gross value added of the countrys given by:

®"Yi @0 [ Fh [87]

4.9 Institutional t ransfers

The only direct transfers and value flowsbetween branches and sectors in the model, refer to
government revenue/expenditures through taxes/subsidies and world revenue/expenditures

through imports/exports. Flows considered as revenues of branches (in fact product demand)
coming from sectors are deiled in: final consumption of products by sector in value, which
includes exports, investment by product and sector in value and stock variation in value.

The following equation describes all tax revenues and subsidy expenditure of the government
disaggregated by government revenue categories:
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where:
txdutoprercrr: bilateral duty rate,
txsubprert: the subsidy rate,

tXit prere: the indirect tax rate,
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PYorert: the price of domestic demand,

HCWrert: the deliveries toprivate consumption.

IMAT_FLOW urer - investment matrix for building the energy saving equipment
EFFI FLOW Her+: Household expenditure on energy saving

nrgeffi_bcap_bh:: Building materials for energy saving

PINVRy.ert: the price of deliveries toinvestment,

txvatprer: VAT rate per branch,

TXENV.eri: the environmental tax,

EMMBRo1 prer,c the emissions by branches,

SWONPOrpoe1prer: the switch for club participation,

BUSATo1,prert the expenditures or receipts on permits,

shauctbryer prers: the share of auctioned permits,

SALERo1 prere: the value of endowment in permits.

tx_effixoo1,orert: the energy tax rate imposed on firms

tx_effi_hgrerithe energy tax rate imposed on household

PCL.: the price index for privateconsumption,

PCIBASE:.: the private consumption price in the base year,

thcfvpr inp errthe share of branch in the delivery of private consumption,
TXENVHDGo1 pc er;Tthe environmental tax,

EMMHLNDyo1,ind,dg.eri the emissions of household for dowable and linked nordurable.:

4.9.1 Transfers between sectors
The transfers between sectors include income flows as described in the Social Accounting Matrix
and are described by the following equations in GEM3 model. These transfers formulate the
disposableincome of the households. The most important of these transfers include:

- The dividends the firms pay to the households, which is proportional to the net revenues
of the firms [97]

- The social benefits that the government pays to the households, which depends on the
number of employees by branch and the rate of government payments to the unemployed
[98]

- The direct taxes on the firms which is again proportional to the net revenues of the firms
(now excluding dividends) and the households, where the tax is proportional to their
disposable incane [102]

- The payments of individuals to the government for social security101]
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where:

txdividh ¢ the rate of dividend from firms to household
FSEFA:seri the payments by factors to the sectors,
FSESE sreri the transfers between sectors,

FG:ert: the consumption by sector,

txsocbenh. . social benefits rate

06§ i

™

TRHOUSG : the increase in social benefit transfers (scenarios),

actp_tr«: the active population.
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Firms pay/
households

receive [97]
(se:=h),

(sr:=1)

Government
pays/
households
receive
(se:=h),
(sr:=0)

[98]

Government
pays/Govern

ment receives [99]
(se:=g),

(sr:=q)

Government
pays/World
receives
(se:=w),
(sr:=g)
Household
pays social
security
(gvs:=ss),
(se:=h),
(fa:=l)

[100]

[101]

Firm pays
direct taxes
(gvs:=dt),
(se:=f)

[102]



SHAUCTHe1er,i: the share of auctioned permits per household,
SALEPK1nders the value of endowment opermits for households,
SALERu1 et the value of endowment of permits for firms,

BUSATo1,brerc the expenditure of firms for buying permits

BUSATHo10rer: the expenditure of households for buying permits

FGR&s se.eri the payments by sectors to public sector expenditure categories,
txfssprert: the social security rate

IDEA.r+: the endogenous reduction in sociaecurity rates (scenarios)
txdirtaxfert: the rate of direct taxes on firms

The transfers between factors of production and the economic sectors as given in the Social
Accounting Matrix are described in the equations below. The most important of these transfers
include:

- Revenues of sectors coming from factors , e.g. labour income of householB®ws
considered as revenues of factors coming from branches represent thalue added, in
value

- Flows from factors to factors and from factors to branches are equal to zero

- Factor payments to sectors are coming from value added and distributed according to an
exogenous structure

Value added
from labour

factor [103]
(fa=0 & )

WO rpr ODOGADORR 0DOGH DOk k

WO frRr UVOGHRFAOF p Y00 Y6 Y Y i
Value added
Y6 0 0P 5 & from labour
factor (fa:=k)

[104]

WO R R R YOYGur D YOG, Value added
from resources
factor (fa:=r)

[105]

OYOO& ¥ WO ok Total payment of
factors [106]
(fa:=l,k, 1)

. . o Factor payments 107
OYOQrpr Owi 0WOKREDEWD f § ¢ to government [ ]
(se:=qg)
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Labour factor
payment to
"OYO'Qh i OYO'OKY ~ OYO'QHj i household [108]
(se:=h), (fa:=I),
j OOEE(Q
Labour factor
OYO'Qp s OO0k Y OO ¢ payment to
household
(se:=f), (fa:=k,r,
i OOE £Q
Capital factor
OYO'GHr ;0 0QI @YD W0 [ §h payment to [110]
household
(se:=h), (fa:=kr)

[109]

No labour

income transfers [111]
to firms

(se:=f), (fa:=l)

OYO'Qh ;T

No factor income
transfers to [112]
world

(se:=w)

OYOQhrp T

where:
FGRRE.a.ert the payments by factors to public sector expenditure categories,

txstateownseri: the parameter indicating the share of the government to capital income (as
calculatedin base year)

KAV,rert: the capital stock,

PKorert: the user cost of capital,

RESFV er: volume of reserves

PRESE: «r.:price of reserves

FSEFAT. oo the total payments by factors,
SHAUCTBR 1 prert: Share of auctioned permits pehousehold

txfsefahke: the parameter indicating the share of household to capital income (as calculated in
base year):

In a general equilibrium context, total savings of a country equal total investments as implied by
the Law of Walras.

Final consunption of the sectors of the economy is given in equati@below:

08k 06 OYURY se=h [113]
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se=f [114]

06§ 0 "085 { J06 Gk se=¢g [115]

06 i 0 ©O0r 0 Va0 G /7 06OF[WOYOY s se=w  [116]
where:

PGGr.err: the price of delivery to domesticconsumption.

The savings of each sector, which if summed up on all economic sectors are equal to total
investments, are given below and are computed as the difference between revenues which
consists of the receipts from the branches plus income from facteand sectors) and expenditures
(which include final consumption and transfers to factors and sectors):

YO 0®r OO0OYD 06 0"YURY se=h [117]
YO 0Q i "O'YO'QPf & "OYOQ r OO0 i "OYO™Q se=f [118]
YO 0R 5 "O0Y&G § i "O°YO"QPp & "OYO™NQ 006§ i
se=¢g [119]
YOG,
YO 0R 5 0 WO0; ;5 JO00 & 5 "OYO"QPy, &
OYOYQ n @ 55 "OYOYG se=w [120]

where :
YDISR:( T OOAET 1 A6 O AEODI éyhabfidnBelow1 AT I A CEOAT AU
M'0"0"Y0 OYO'§ § "OYO"¥Q, | "OYO"YG, | se=h [121]

From the equations described above and the surplus/deficit equation of each secfdr20], which
is evaluated by subtracting investment and stock variation from gross savings, engs that total
sector savings equal total sector investments (this equality does not hold on a sector level).

YYYOHr YO wRR O0ar YVYO 0P [122]
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where:

SAVE: .« tthe savings by sector,

INVse er,t the investments in value,

TXSTOCKS.ri the share of sectors in stock variation,
TRCAR. er; the transfer of capital by sector

4.10 Numeraire

In the world version of GEME3 numeraire is computed according to thequantitative theory of
money, y o 0 3 where Mis money,Vis the transactionsvelocity of money, Pis the price and
Qthe total outlay.

Equation [123] describes total outlays on primary production factors as a function of the base
year outlays and the money numdé EA AOA1 DOEAA 1T £ OEEO ANOAOEI T A
rate (RLTLRVORLE) and consists one of thelternative methods of closure of the model. This

eguation consists one of the alternative methods of closure of the model and determines the
x| Ol AGG EIROARMOBID. OAOA |

BB O00rp00wrp 00 hnd0dahh 0D0rRRDO@A 0YOEGO
[123]
YOY'Qey, & 0 a0 Dy TUQ0 QONYDE R @0 Q
Where :
£ 060 COTOUGIQ RO 600 B B NOUsr00wry AORRDOGE HORAD
D8 h 1'YOQ OYO"YQuy
Price_index: : the world price index

gdp_growthratad, OEA x wtbdatd 06 COI
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4.11 Derived prices z Firms pricing

Derived prices are those depending on leading prices, which are derived from market equilibrium.

On derived pricesappropriate taxation is applied, to form prices as perceived by consumers. The

main leading price is that of the composite good. Depending on the destination of a commaodity,
differentiated taxation may be applied, as for example indirect taxation or VAT.

4.11.1 Derived prices equations
The prices of goods at intermediate consumption are given i124], while the prices of goods in
final consumption are computed through 125] for households and 126] for government. Finally,
[127] defines the prices of goods used to build investent.

5w - 3 ANRY’ S U 6 "@ 5 o
000y i O WQG 508 6F;‘Y'OU W{H kR [124]
5 08- - S ob Ba D or - b 0" ., L08'® S e =) 125
0O8hs P 00OQG DOrR O @AM\ O gmggay® O8N o5 570 [129]
where:
txvatprer,: : the rate of value added tax imposed on ga@bPR
5 "O"V o 3 Ry N L 3’3 o . . 3 N \v 6 6 "@ 126
008 P OMULGR D Orr O QO 5506 6Y0 [126]
- A 3w N e 6 6 '@ o~ T Y T oy
cwPp 0L GG W D ooosaqai)ﬁ.é)ﬁ)l WE |
3w e U0 00o0RY
0 00 o .. 569 [127]
> 0 WRG > 0 Or i QW1 D&

o G 606 6570
The unit cost of investment by sector of destination (owner) depends on its composition in
investment goods (by sector of origin). This structure is represented by a set of fixed technical

coefficients tinvpVprprer.:

;:;’f') Oy O 000 @by B QE VNDE QQ 0 QE O T

000 @r . . [128]
0 Otmer Q6 Q¢ VMR T

4.11.2 Firms pricing
Firms address their products to three market segments namely to the domestic market, to the
other EU countries and to the rest of the world. Prices are derived through demand/supply
interactions. In any iteration of the model run and beforeglobal equilibrium is achieved,
producers face demand for their products. To this demand they respond with a price. For the PC
sectors, since these operate under constant returns to scale and the number of firrmsery large,
this price depends only on heir marginal cost of production.

The producer is assumed not to differentiate his price according to the market to which he sells
his products. He therefore sells his products at the same price (equal to his marginal cost reduced
by the amount of producton subsidies that he receives).
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where:
PXDr.er,t: the (domestic) supply price addressed to domestic demand
PWEer: the (domestic) supply price addessed to exports

txsubprers: the rate of subsidies

4.12 Equilibrium of the r eal part

The equilibrium of the real part is achieved simultaneously in the goods market and in the labour
market. In the goods market a distinction is made between tradable anabn tradable goods. For
the tradable goods the equilibrium condition refers to the equality between the supply of the
composite good, related to the Armington equation, and the domestic demand for the composite
good. This equilibrium combined with the sale identity, guarantees that total resource and total
use in value for each good are identical. For the non tradable, there is no Armington assumption
and the good is homogeneous.The equilibrium condition serves then to determine domestic
production.

OO O f OO0 G f QDI DO 0
DO0§ j B [131]

RYA N OMO0 G rp OOYOYr 000 Qi Oi £06

Equation [132] describes that the total supply of goods (domestically produced and imported)
expended to intermediate consumption, private and public consumptio and investments.

(AR 00 Bk pr O 0 O0r 1 O0 wWOmr 5 00000 Oy 5 OB ox f
[132]
"V0br 000V 6 W ;1 QR

In the dual version, this equation determines the total production, the dual price equation gives
the production price and the equilibrium condition on the capital market determines the rate of
return of capital.

Three alternative choices for the capital mobility are assumed in the model:

i) Capital is immobile between sectors and between regions.

0B Gr R 0O O ¢ [133]
i) Mobility across sectors but not across regions.
0O oy f VO f [134]
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i) Full mobility across sectors and regions.

00wy f VO WG § [135]

where:
KAVGrert: the total amountof capital stock available, fixed within the time period.

Depending on the capital mobility choice, through the switch parameteswonkm(rtime) (i.e. O
for no mobility, 1 for mobility between sectors, 2 for full mobility and 3 for mobility between
specific sectors), the dual price of the capitaPKyer, results fromequation[133],[134],[135], as
PKNOKM ert, PKNAKM errand PKEUKM e crespectively.

In particular:

OVOOVRFQWOE 6O
00U /& DEOQUFDVEOVPFAL 6™ QWO 6 0 p [136]

Where anakmy e is acalibrated parameter andXKNUM, XKNUM{;; are used in order to ensure
that the computation of anakmyert, aeUkmyry, , iS consistent with unit cost of capital of sectors
both in the baseline and the scenario.

. 0O Wy f
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[137]

Similarly, XKNUMLer; , &G0 0 Y@ and @0 0 YO are used in order to ensure that the
computation of 0 ar rand 0 ar r is consistent with unit cost of labour of sectors both in the

baseline and the scenario
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4.13 The labour market

In the standard version of the GEME3 model labourmarket is perfect in the sense that wages
adjust until there is no excess labour supply and hence unemployment. The model considers the
notion of voluntary unemployment through the choice of household for leisurgvhen the
alternative version of labour market is used) In the standard version the representation of
involuntary unemployment is based onthe efficiency wages approach by Shapiro and Stiglitz
(1984). In the remainder of this section the main labour market imperfections leading to
involuntary unemployment are presented followed by the mathematical description of the labour
market extension incorporated into the GEME3 CGEmodel.

4.13.1 Skilled and unskilled labour

The model distinguishes labour between skilled and unskilled labour. Capital and skilledblaur
substitute each other(except for power generation technologies, where capital and skilled labour
complement each other), at the 4" level of production, while capital and skilled labour bundle are
substitutes with unskilled labour at the 34 level ofthe production. Equilibrium unemployment is
modeled for both skilled and unskilled labour and the adequate procedure is described in the
section below.

4.13.2 lllustration of equilibrium unemployment

The formulation of the labour market adopted in the GEME3 assumes the presence of
imperfections and rigidities which shift the exogenous labour supply (in the alternative version
the utility -derived labour supply), to the left and upwardsWages drive thebalancing of the shifted
labour supply with labour demand. Thus involuntary unemployment arises as a result of the
distorted labour market equilibrium.

It is assumed that, due to labour market imperfections and frictions, the employees enjoy a wage
premium (a wage rent) on top of the wage rate that would correspond to equilibrium between
potential labour supply and labour demand.

The wage rate premium leads to a displacement to the left of the potential labour supply curve.
The displaced supply curve coresponds to effective labour supply.
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Figure 14: lllustration of equilibrium unemployment
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The wage rate premium is endogenous in the model and is assumed to be the consequence of the
existence of PrincipatAgent relations: the frms are obliged to pay a wage premium to induce
employees not to shirk; as a result effective labour supply is determined through efficiency wages.

The balancing of labour demand with effective, rather than potential, labour supply implies that
equilibrium unemployment is determined as the difference between potential and effective
labour.

This is illustrated in Figure 14, which shows unemploymentU as difference between potential
equilibrium labour LPand effective labour equilibrium LS corresponding to wage rate w* which
includes the wage rent reflecting market imperfections.

4.13.3 Efficiency wages

An approach for simulating involuntary unemployment relatesto the assumption that there is a
negative correlation between wages and unemployment. This approach is consistent with the
efficiency wages theory of Shapiro & Stiglitz (1984) which states that productivity/quality of
labour has a positive correlation wih wages. In periods with high unemployment firms are not
motivated to offer high wages to attract higher quality labour or to increase productivity of
existing workers. On the other hand, at low unemployment rates it is efficient for firms to offer
wagesabove their equilibrium level, because they seek for increases in labour productivity and
for reducing the probability of someone quitting the job and hence reducing costs from the
recruitment of new personnel; see Phelps (1994), Campbell and Orszag (1998)

In the GEME3 model the efficiency wage approach was finally selected to be the default option
for representing involuntary (equilibrium) unemployment. This modelling approach was
preferred because of its empirical validation, by using for exampl8lanchflower and Oswald
(1994), its simplicity, and the fact that it is parsimonious in parameters. The specification of
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efficiency wages in GEME3 is shown below and it is based on Shapiro & Stiglitz and Annabi (2003)
approaches.The procedure is identi@l both for skilled and unskilled labour.

The utility function of a "shirker" worker Us, either skilled or unskilled,is defined as:
idy 06 5 ©27% 7Y

where qis the probability of getting caughtshirking, b the exogenous probability toquit from job,
r the social time preferencerate, w the wage andU, the utility function of the unemployed. The
utility function of a "non shirker" is:

idy 0 Q @Y 7Y
where'Q Ttis the disutility from working (for the "shirker"is ‘Q ). The utility function of the
unemployed is:
idy o0i ©OY 7Y
Where U iis the unemployment benefit anda the probability to get a job.

A worker decides not to be productive wherlY  "Y. This is the efficiency condition. Replacing
the utility functions of the shirker and non shirker the efficiency condition can be rewritten as:

QG @ i
n
Thus efficiency wage is an increasing function of quit rate, the probability of finding a job, the

interest rate and the unemployment [enefit. In equilibrium the number of workers that are
unemployed should equal the number of workers that fill a vacancy

0 0i Q

oD O30 YD
The unemployment rate is defined as

0°YD0
0"y

Thus the efficiency condition (unemployment wage functionspecomes:
O UvI Q -0+ |
n o
The efficiency condition is the labour supply function in the modified version of GEH®3. The
condition was adjustedby using the consumer price indexPCl, SO as to incorporate real wages.

@YD 00 06 Q
vROh N Tadai @
QQQE & O
208 O QOO 0
0 & Wik En Or] WO Q [140]
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where:
WRMEAN_skle;, WRMEAN_unskKlg,: the wage rate of skilled and unskilled labour respectively,
unben_skld:, unben_unskld,:: unemployment benefit ofskilled labour and unskilled labour,

effort_sklder, effort_unskldy: disutility of effort of skilled and unskilled labour as proportion to
the wage rate,

UNRT_skld:;, UNRT_unsklg : unemployment rate of skilled and unskilled labour,

pquit_sklder:, pquit_unskld,:: exogenous probability to quit of skilled and unskilled labour,
calibrated to base year data ,

edelta_skld.;, edelta_unskld.: natural rate of unemployment,

pcaught_skld,:, pcaught_unskld ;: probability of getting caught shirking for skilled and unskilled
labour.

The implementation of involuntary unemployment in the GEME3 model requires additional data
(i.e. unemployment levels, minimum wages etc.) thare extracted mainly from the CESifoDICE
and EUROSTAT databases.

Equations [142] and [143] serve to compute the unemployment rate while the equilibrium
conditions [140] and [141] in the labour market serve to compute the wage rate, which is the
average nomiral wage rate used to derive the labour cogif skilled and unskilled labourd 0

and0 0 23
B 00wwhsk
B 00w
YOYYh P [143]

23 Other model variants include a Philips curve, fixed labour supply and fixed wages.
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POPV_sklg: the skilled population of each region
POPV_unsklg: the unskilled population of each region

TotLabFrc_skid,:, TotLabFrc_unsklid.: is the total labour force of skilled and unskilled labour
respectively, measured in million hours, drawn from WIOD databas&he unit cost of skilled and
unskilled labour is computed according tothe average wage ratelerived from the equilibrium of

the labour market.

O0ar R VYD OO0 G A0 U Yk

P OO E QD [146]

O0r hADYD OO O 200 0 “YOR
VO Rn 8
P OO E QD [147]

In the alternative version of GEME3, when leisure is included in the model, the average wage
rate and the equilibrium unemployment are compuéd from the following equations

D 0bE S0 R S mar oo o222 8, o 0o Ro
©YOOON Franarw 0% ti o ama 00 wuvy
. B 06 a5
YOYTY p Uk h

O000¢ 000, DEO60ORAQ
where:

POR; . the population of each region

tottime «+: the total available time for leisure or labour.
Then the unit cost of labour and the unit cost of leisure can be computed as:
o O 05 F YD 06 §AD 0 7Y@

P 0 wWNQiixz "QQAQW
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txhsser,t: the personal social contribution rate.

4.14 Energy efficiency

4.14.1 Introduction and i mplementation
This section shows how the firms and thehouseholds perform energy efficiency improving
investments. Inthe previous versions of the model energy efficiency improvementaere realized
either exogenously without cost or endogenously through factor substitutionln the new setup
the option to impose energy efficiency standards has been added. Towards this end energy
efficiency cost curves have been addedhe energy efficiency cost curves have been calibrated to
estimates extracted from EMF(25) and from theelevant literature (i.e. Jakob, 200%

In the efficiency module developed for GEME3 model households and firms invest to improve
efficiency of energy use which means that the economy substitute materials (equipment,
insulation, etc.) and services (e.g. provided by technicians for installatiorfor energy. The
economic agents that undertake energy saving investments are théZ representative firms (as
depicted below) and one representative household in each region.

Table 11: GEMES activities that undertake energy effici ency measures

No. Economic Activity No. Economic Activity

1 Agriculture 9 Other Equipment Goods

2 Ferrous metals 10  Consumer Goods Industries
3 Non ferrous metals 11  Construction

4 Chemical Products 12  Transport (Air)

5 Paper Products 13  Transport (Land)

6 Non metallic minerals 14  Transport (Water)

7 Electric Goods 15  Market Services

8 Transport equipment 16  Non Market Services

The amount of investment on energy saving technology is exogenous. It is assumed that the
investment expenditure produce results one period after it takes place and continuously for a
period of at least 20 years. The purpose of the investment concerns othe reduction of the unit
consumption of energy in the sector or energy use of households, in which the investment takes
place. That isjn the new setup agents use part of their income to acquire goods and services that
are used to improve their energy #iciency. These goods and services accumulate to an energy
saving capital stock that provides permanent energy efficiency improvements (with a
declining/depreciation rate). The investment of a firm in energy saving equipment/capital
increases energy effiency and reduces its energy bill but it does not increase its productive
capacity (i.e. it does not add to the capital stock of the firm). Energy efficiency improvement
translates to additional demand for goods and services such as equipment goods, elieetrgoods,
construction, market services (in fixed proportions). Similarly for households the expenditures
on goods and services to improve their energy efficiency do not increase directly their utility, only

24 Energy and electricity sectors are excluded.
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indirectly through the energy bill reductions. Hence tere are no direct effects on productive
capacities or the consumption of other commodities. Of course indirect effects do exist and are
quantified through the model.Finally it should be noted that the energy efficiency improvements
are modeled soas to exhibit decreasing marginal returns (saturation effect).

To enforce the energy saving scheme to be implemented by firms and households the following
methodology was adopted: The government raises an energy tax (proportional to the energy
consumption of each economic agent). It imposes that rate of taxation to all consumers (firms and
households) of energy, which is exactly necessary for collecting revenues equal to the amount of

the energy saving expenditure. These revenuggiven byequation[4.14.11], arethen used by the
government to finance the energy saving expenditures, ensuring public budget neutrality.
Essentially the Government is used in the model teeallocate firms and households funds from
OEAEO O1I bOEI Oi 6 bl AAAIT AT O ET OEA OAZEAOAT AA AAOA

The revenues from the energy tax are

U 1 - J SNV - - SR
A TETETS (N L I e R (FR TR el [4.14.11]

The introduction of energy efficiency cost curves into the GEA3 model involves three tasks:

i) specification of the energy efficiency cost curve,
i) calibration of the curve,
iii) Implementation within the current GEM-E3 model setup.

4.14.2 Specification of the energy e fficiency cost curve

The main features of the energy efficiency cost curve are:

i) It is upper bounded (i.e. maximum energy efficiency improvement should be ~ 50%)
i) The first available options for energy efficiency improvements are low cost
iii) Saturation effect(decreasing marginal returns)

The functional form that represents best the features of the energy efficiency cost curve is the logit
function. The specific energy efficiency cost curve incorporated in the GEHEB model is given by
[148] for firms and by[149] for households.

. h h
000, ; 6/ NQIQWG Op z B R R R (148)
Qo
where:
EFFI Foer,i: the energy efficiency improvement rate (variable)

upper_effi_frere: the upper bound of efficiency improvement level (calibrated parameter on
extraneous data)

EFFI STOCKrer,i the stock of the energy efficiency level (variable)

speed_effi f er: peed going to the inflexion point (calibrated paraeter),
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effi_f_yQ:er: firms base year energy efficiency level (calibrated parametey)
effi_f xQ: e firms base year energy efficiency level (calibrated parametey)

[OVpretorer,t: the intermediate demand for energy products (variable)

000 67RO z ® "B AR R Q QW6

where:
EFFI Hert: the householdsenergy efficiencyimprovement rate (variable),

upper_effi_hr: the upper bound of efficiency improvement level (calibrated parameter on
extraneous data)

EFFI STOCKHe:: the stock of the energy efficiency level (variable)
speed_effi_k: the speed going to the inflexdn point (calibrated parameter),

effi_h_yQ:: the parameter related to households base year energy efficiency level (calibrated
parameter),

LLNDGug,prer,t: the consumption of linked non-durable goods.

The base year energy efficiency level parameters acemputed from[4.14.21],[4.14.22]
A s OF ACAAI [4.14.21]

where

by eel: is the base year energy efficiency level (this is derived from extraneous data sources, the
values used in the current version of the model are presented in trRNNEXof this report).

uf: the upper level of energy efficiency parameter

L. QERQa
Fe =3 [4.14.22]

o)

A e

Data on energy efficiency

Energy efficiency cost estimates from Jacobi (2006) and EMF(25) have been used ineortb
calibrate the GEMES3 energy efficiency cost cun&. The energy efficiency cost curves derived
from the EMF(25) include both the commercial and the residential sector. The report provides
market shares and efficiency levels for a number of electricajoods (Table 12) but not for
buildings.

Table 12: Main categories of electrical goods covered by EMF (25)

No.  Commercial - No. Residential

2 The two studies refer to energy efficiency costs computed for USA (EMF(25¢lectrical goods in commercidand residential
sector) and Switzerland (Jakob(2006) buildings).
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Refrigerated beverage vending machines

Refrigerators

Refrigeration equipment

Waterheaters

Unitary ac

Furnances and boilers

A WNPE

Terminal air conditioners and heat pumps

Cooking products

Clothes washers

Waterheater & boiler

Distribution transformers

O ~NOOL A~ WNE

Small electricmotors

The available information from EMF(25) allows to compute the % price increase for each % saved

in Kwh .

Table 13: Energy efficiency cost curve (electrical goods)

% Energy saved in Kwh Increase in price
5% 0,57%
10% 1,60%
18% 5,01%
23% 8,24%

Source: Computations from EMF (25).

Data on energy efficiency measures for buildings (incl. estimates for d@nefits) have been

extracted from Jakob (2006).

Figure 15: Marginal cost curve case study with oil heating
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Source: Jakol§2006).

4.14.3 Energy efficiency in GEM-E3

The first step to incorporate the energy efficiency cost curve in the GEEB setup is to introduce
an additional factor namely the stock of energy saving technology. The stock of energyisg
capital EFFI STOCKert, EFFISTOCKH er,¢ IS created by the accumulation of the goods on energy
savings ([153],[154]for firms and households respectively) The expenditure of firms and
households on energy effi@ncy is given from equationd150],[151]. This expenditure depends
on the erergy tax imposed by the governmentix_effixrer: and tx_effi_Brer: for firms and

households respectively.

0'00m U 6y s D Olkoy 1 0 QARG B
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where:

PINVZ:r er+ Price of investment goods used in energy efficiengy

nrgeffi_bcap_b.ori: the fixed factor coefficient of materials and services required to build the
energy saving equipment (for the households)

Expenditure of firms on energy efficiency technologies is transformed into demand for goods of
specific sectors according to the following equation:

VOO0 O oy OOCW O oy R ET QQRDD, [152]
where:

nrgeffi_bcapyor,e: the fixedfactor coefficient of materials and services required to build the energy
saving equipment (in the model the coefficient is identical by industry)

Equations[153],[154] provide the motion equationof the energy saving capitabtock (for firms
and households respetively):

P p QUéirk
Qa € ik [153]
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whered,

ERFI_STOCHK er, EFFI STOCKHr er1: the stock of energy saving technology,

dlossurert: the decay parameter for the energy efficiency improvements,

PERIODthe time between two GEME3 runs (usually five).

Then energy productivity (tge) is formulated as a positive function of thestock of energy saving
technology.

0 "QQO "QNQ QWQ [4.14.31]

It is assumed that there is a time lag between the expenditure and the readtion of the efficiency
gains. Currently this is modeledas a one period lag. The expenditure on energy efficiency, either
from Households or Firms is translated to demand for certain goods and services in fixed factor
proportions (the exact shares for each category are presented frable 14).
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Table 14: Sector contribution to energy efficiency investment

Expenditure, in percent of total
Electric Goods 20%
Construction 70%
Market Services 10%

Accordingly the price of the investment good igjiven below.

0 'Ol wf 0 00 oxdr X 1 "QQDRRDY ; [155]

The energy efficiency investmenis financed througha tax neutral instrument. That is a tax on
energy consumption is imposed in households and firms. Then government uses these revenues
so as to perform the energy efficiency investment and provide households and firms with the
respective energy efficiencyimprovement. Hence the household price and the firm@iser cost of

energy become
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where:

TXENGR: srert: the energy tax per sector,

TXENWoem,or.er,t the environmental tax,

becCpoave breri the emission coefficient per monetary unit.
aeryorert: the share of ergy consumption with emission.

Investment now becomes:
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where:

tcinvprers: the share of each institutional sector in total investment.

5 The Financial module

Thefirst publication of a CGEnodel with an explicit representation of thefinancial sectorwas the
one by F. Bourguignon, W. H. Branson & J. de Melo (1988ich has been further extended by
Fargeix & Sadoulet (1990)nd Capros & Karadeloglou (1994Yhe basic idea is thathe demand
for finance is driven by agents in deficitthat seek to receive aloan from domestic or/and
international capital marketsand the supply of finance is driven by profit maximising agents (in
surplus) that own a portfolio of financial products with different reaturns and risks. This loan
accumulatesto debt and has to beepaid in aspecifiedtime period at a market clearing interest
rate.

A CGE model without the representation of th&nancial sectorimplicitly assumes that

i) Debt accumulation does not have an impact on the real economy as in realitia the
adjustment of interest rates

ii) Depending on the closure rule the financing of an investment project takes place in one
period (at the period where the investment products are constructed) and can be financed
from the sector, country or abroad.

i) In a given year/period alternative investment projects compete for the same capital
resources (crowding out effect)

The inclusion of the financial sector in a CGE model provides the following features:
1. Agents financing is subject to their financial positior{surplus z deficit).

2. Detailed representation of financial products and detailed accounting of the financial
position of each economic agent. Book keeping of stock/flow relationships on debt
accounting (domestic and external Private and Public debt)

3. Endogenous computation of interest rates for alternative uses of financial resources
(deposits, bonds etc.) Use of the endogenous interest rates for rationing financing
decisions
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4. Allow for the existence of versatile financing schemes that expand through sectors
countries and time.

5. The option to create payback schedules that span over many periods moderates
considerably the crowding out effect

The implementation of the financial sector in GEME3 involves the representation ofsix agents:
Households, Firms, Pulit Sector, External SectqmNational Banksand a World Bank The financial
assets that are modelled are i) Public Bonds, ii) Corporate bonds, iii) Household loansy)
Deposits, v) Time Deposits, andi) Corporate shares

A world bank is included thatcollects the savings from the economic agents and issues loans at
interest rates that clear the market while taking into account the debt position of each agent.
Governments and firms issue bonds to cover their deficits while households receive loaMoney
supply can either be fixed with endogenously determined interest rates (money multiplier theory)
or be adjustable (endogenous theory money) at given interest rate (i.e. bank reserves adjust as
needed to accommodate loan demand at prevailing interest ragg The market for financial assets
can be domestic, international or mixThe financial behavioris based on optimal portfolio theory
(expected return, risk, duration etc)and no secondary capital marketis assumed. The ineterst
rates arenow separated nto two categories: i) Current interest rates that clears the market on
this year financial products and ii) Average interest rate of debt which is composed of the
weighted average of previous years interest rates

Figure 16: Agents modelling behaviour
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