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CGE Modelling: A training material

Introduction

Computable General Equilibrium (CGE) modelling is attempt to use general
equilibrium theory as an operational tool in enually oriented analyses of resource
allocation and income distribution issues. Econotheory helps to understand conceptually
the linkages between trade, income generation, @mmnt, and the effect of government
policies.

The distinguishing features of general equilibriomdelling derive from the Walrasian
general economic equilibrium theory that considieeseconomy as a set of agents, interacting
in several markets for an equal number of commeslitunder a given set of initial
endowments and income distribution. Each agenndsfindividually his supply or demand
behaviour by optimizing his own utility, profit @ost objectives. His decision yields a set of
excess supply functions that fulfil the Walras law,, the global identity of incomes and
expenditures. Arrow and Debreu (1954), McKenzies@)%and others have proved that under
some general conditions, there exists a set ofegribat bring supply and demand into
equilibrium.

Computable general equilibrium (CGE) models turnbe above theory into an
operational model to be used for comparative statalysis. CGE models determine
simultaneously changes in quantities of goods seg@nd demanded, and their prices, in an
aggregated multi-sectoral and multi-agent setupilided by the explicit representation of
markets, the CGE models have been often extendexhtieéhe original Walrasian framework
to model market imperfections and other economichaeisms that deviate from the original
general equilibrium paradigm. For this and simd#rer reasons, some authors used the term
“generalized equilibrium modelling” (Nesbitt, 198d) “general equilibrium programming”
(Zalai, 1982a) to underline the flexibility of tkemputable general equilibrium models.

Salient CGE models

CGE models have grown out of and combine diffeneodelling traditions. The first CGE
model, L. Johansen’s Multisectoral Growth (MSG) mlo{Johansen, 1960) was built for
Norway. The MSG model was a combination of the dyisalLeontief-type (input-output)
model with macroeconomic production and consumgfiimations, thus extending the input-
output model with relative price driven substitatipossibilities. Many models followed or
were inspired later by Johansen’s pioneering waitk In Norway (see, for example, Longva,
Lorentsen and Olsen, 1985) and elsewhere (seexfonple, the ORANI model in Australia,
Dixon et al, 1982).

In a related but somewhat different approach Dgelmson and his associates combined
the input-output model with macro functions basedle econometric tradition (see, Hudson
and Jorgenson, 1974 and 1977, Jorgenson, 1984ndonmy and Wilcoxen, 1990a and 1990b).
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The work of Jorgenson has also inspired many miodeléfforts, in which particular

emphasis has been put to issues related to enedggrevironmental policy (see, for example,
Bergman, 1988 and 1990, Capros and Ladoux, 1985 (QBCD, 1994 GREEN model,
Conrad and Henseler-Unger, 1986).

The 1970s and the 1980s witnessed a widespreadf B6E models for the analysis of
economic development problems of the developingntas (see, e.g., Adelman and
Robinson, 1978, Dervis, De Melo and Robinson, 198@yarajan, Lewis and Robinson,
1987). These models have enriched the CGE moddlatlition extending the focus of the
previous models with elaborate treatment of foreigule, income distribution and various
policy instruments. Many of these models have &riheparted from the Walrasian concept
by including “structuralist” features into the gealeequilibrium framework (see, for example
Taylor and Black, 1974, Taylor and Lysy, 1979). Mibekrs associated with the World Bank
have animated a large number of modelling projediseir work contributed to the
standardization of the CGE approach: data baseemhtaround the Social Accounting
Matrix (see, Decaluwe and Martens, 1988) and coerpsbftware packages for handling
CGE models such as like GAMS, HERCULES, MPS/CGE.

A significant source of inspiration for CGE modedii was the competitive general
equilibrium interpretation of the primal-dual seduts to linear programming (LP) models of
nation-wide resource allocation. LP models weremsitzely used in the 1960s and 1970s for
economic policy analysis, both in the developingl d@me centrally planned economies. A
distinct method that developed from that traditveas the activity analysis approach to CGE
models (Ginsburgh and Waelbroeck, 1981). The deweémt of the HUMUS model family
has also taken this point of departure, interpget@GE models as natural “general
equilibrium” extensions of the LP programming-plargymodels (see, Zalai, 1984a).

Harberger’s (1962) early numerical two-sector maelyzing the incidence of taxation
and the pioneering work of Scarf (1973) presentihg first constructive method for
computing fixed points initiated another distinctrtd of general equilibrium modelling. It
oriented chiefly towards the study of tax policydamternational trade (see, for example,
Shoven and Whalley, 1972 and 1984, Scarf and Shad84, Fullerton, King, Shoven and
Whalley, 1981, Pereira and Shoven, 1988). ShovenVihalley provided a state-of-the-art
methodology for model calibration and formulatingultanational market clearing
mechanisms in a general equilibrium framework.

A more recent trend in computable general equiliori modelling consists in
incorporating an 1S-LM mechanism (termed also mamicro integration) which has been
traditionally used in Keynesian models. Bourguign@manson and De Melo (1989) and
others have proposed the ensuing hybrid modelsselheodels often incorporate additional
features that enhance their short or medium teralysis features, such as, for example,
financial and monetary constraints and rigiditiesvage setting.

Another recent development was the incorporationecdnomies of scale and non-
competitive (oligopolistic) market structures intee CGE framework, in order to model the
effects of trade liberalization and integration micro efficiency. The forerunner of these
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models is a Harris’s (1984) pioneering work and plhetial equilibrium model of Smith and
Venables (1988). In the 1990s several models chftgher this line of research, including
Harrison, Rutherford and Tarr (1994), Willenbock@994), Burniaux and Wealbroeck
(1992), Caprosat al. (1997).

Thus, in the last 20 years or so, an enormous nuwibgractically useful CGE models
have been developed to study a wide range of pdai®as in which simpler, partial
equilibrium tools would not be satisfactory. Eqoiilum models have been used to study a
variety of policy issues, including tax policiesgvelopment plans, agricultural programs,
international trade, energy and environmental pedi@and so on. A range of mathematical
formulations and model solution techniques has hessd in these modelling experiences.
The practice of model building itself became insiegly systematized, as reflected for
instance, in the increasing use of standard ahergowerful packages such as GAMS.

The advantages of computable general equilibriundetsofor policy analysis compared
to traditional macro-economic models are now widatimitted. The general equilibrium
models allow for consistent comparative analysipalicy scenarios by standardizing their
outcome around the concept of an equilibrium pdinfilling the same consistency criteria.
In addition, the computable general equilibrium msd incorporate micro-economic
mechanisms and institutional features within a test macro-economic framework, and
avoid the representation of behaviour in reducadthfolhis allows analysis of structural
change under a variety of assumptions.

Several surveys are available in various handbaokkjournals from different points of
time and focusing on models developed for one loerospecific purpose. We call attention to
a few of them. A Bibliography of CGE Models Applied to Environnanssues by Adkins
and Garbaccio (1992) contains most of the relelt@nature up to the beginning of 1990s. In
their conceptual, theoretical reviewCGE Modeling of Environmental Policy and Resource
ManagemeritBergman and Henrekson (2003) provide a more ugate account on the area
that is of special concern of our study: analy$ithe interrelation of energy, environment and
economy. Table 1 lists the models and their masraitteristics they have covered in their
review. It provides a useful quick orientation bétmost known modelling experiments and
their characteristics for the interested readeer&hand Toman (2003) have also put together
a very informative summary of 15 models in theipg@a 'Modeling Challenges in Analyzing
Greenhouse Gas Tradihg(see Table 2). Finally, Francois and Reinert d€97/98)
annually update their table contained pplied Methods for Trade Policy Analysis: A
Handbook, the last update (2004) of their summary tablailable on the WEB is
reproduced as Table 3.
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TABLE 1: KEY CHARACTERISTICS OF SELECTED GLOBAL AND REGIOEA. CGEMODELS(BERGMAN AND HENREKSON, 2003)

Model Reference Regiong Sectors per Dynamics Energy sector Backstop| Technological| Environmental
region technology change benefits

WW Whalley and Wigle (1991) 6 3 Static Top-down No None Yes

GREEN Burniaux et.al. (1992) 12 11 Quasi- Top-down Yes AEEI No
dynamic

Global 2100 Manne and Richels (1992) 5 2 Fully Bottom-up Yes AEEI No
dynamic

12RT Manne (1993) 12 2 Fully Bottom-up Yes AEEI No
dynamic

CRTM Rutherford (1992) 5 3 Quasi- Bottom-up Yes AEEI No
dynamic

G-Cubed McKibbin et.al. (1995) 8 12 Fully Top-down No None No
dynamic

MIT-EPPA Yang et.al. (1996) 12 8 Quasi- Top-down Yes AEEI No
dynamic

RICE Nordhaus and Yang (1996) 13 1 Fully | Energy a single Yes AEEI Yes
dynamic prod. sector

1AM Harrison and Rutherford (1997) 5 2 Fully Top down No None No
dynamic

UR Babiker et.al. (1997) 26 13 Static Top down No None No




MS-MRT Bernstein et.al. (1999) 10 6 Fully Top down Yes AEEI No
dynamic
AIM Kainuma et.al. (1999) 21 11 Quasi- Top-down No AEEI No
dynamic
WorldScan Bollen et.al. (1999) 13 11 Quasi-| Top-down No None No
dynamic
GEM-E3 Capros et.al (1995) 15 18 Quasi- | Top-down No AEEI Yes
(14 EU Member States and ROW) dynamic
BFR Bohringer et.al. (1998) 7 23 Static Top-down No - No
(Germany, France, UK, Italy, Spaijn,
Denmark and ROW)
HRW Harrison et.al. (1989) 11 6 Static Top-down No - Yes
(US, Japan, France, Italy, UK,
Ireland  Germany, Netherlands,
Belgium, Denmark, and ROW)
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Table 2: Summary of Various Models (Ghersi and Toman,

Appendix)

Goulder EPPA (version 1.6) Yang et al. (1996) Jacoby et aIMARKAL-MACRO
Goulder (1995) (1999) Hamilton et al. (1992)
Equity issues regions 1(U.S) 12 (global) 1(U.S)
sectors 13 (6 energy-related) 1 infinitely-lived10 (7 energy-related) 1 myopic representative hoalse infinitely-lived  single
households representative household agent economy
other n.a. n.a. bottom-up energy
module
Technical in energy carbon liquid backstop, available 2010  carbon liquid backstop, available 2000 ¢ carb@ef AEElI  differing in
change electric backstop, av. 2000 ¢ global constant AEE&ll  energy demands
non-energy sectors
« global constant efficiency improvement for oildagas
supplies
other n.a. n.a. n.a.
Carbon trade modeling as a carbon tax (Bovenberg et al., 2000) n.a. as a carbon tax
market powers n.a. n.a. n.a.
supplementarity  n.a. n.a. n.a.
geographic n.a. no trading, Annex 1 n.a.
restrictions
CDM n.a. n.a. n.a.
International Trade » Armington specification for all goods ept®il « Armington specification for all goods except aild gas n.a.
linkage and gas Heckscher-Ohlin ¢ zero balance constraiteckscher-Ohlin ¢ zero balance constraint afteedopls
every period
Finance n.a. n.a. n.a.



MERGE SGM G-CUBED
Manne et al. (1995, 1999), http://www.stanford.gdoip/MERGE/ MacCracken et al. (1999) Edmond#$/cKibbin et al. (1995, 1999)
(1995)
Equity issues  regions 5 (global), 9 (global) in MERGE 3.0 12 (global) 8 (global)
sectors infinitely-lived single agent economy 13 (11 energlated) 1 myopic (?) 12 (5 energy-related) 1 hybrid
households representative household representative household
other 9 electric, 9 non-electric energy supplesnergy module n.a. n.a.
Technical in energy » 2 carbon-free electric backstops, av. 2010 (lostcand 2020 (higt sector-specific exogenous growth in global constant AEEI < region-
change cost) * carbon liquid backstop (high price) « glbbanstant AEEI in total productivity rate for energyspecific exogenous growth in total
the aggregated sector sectors productivity rate for energy sectors
other n.a. sector-specific exogenous growth imegion-specific exogenous growth in
total productivity rate total productivity rate
Carbon trade  modeling regional endowments are traded on an interregimaaket as a carbon tax harmonized withimegional endowments are auctioned
trading limits then traded on an interregional
market
market  powers buyer's and seller's market cap on trade (33%rgétad reductions for seller's market cap on trade (10% af.a. n.a.

International
linkage

supplementarity

geographic
restrictions
CDM

net buyers) targeted reductions for net buyers,

exact compensation in actual
domestic efforts for net sellers)

no trading, Annex 1, global trading no tradingudie bubble, Annex 1, no trading, double bubble, Annex 1,

global trading global trading

supplies an exogenous 15% of observed global adamsactions global trading is provided as a limitn.a.

of its benefits

Trade

Finance

« oil, gas, coal, and the single outputspémergy-intensive goodss all goods perfectly substitutableArmington specification for all

(EIG) in MERGE 3.0 are perfectly substitutable sbam permits are except distributed gas nontradable goods, with sensitivity analysis on
perfectly substitutable « zero balance constraimerg period < possibility of fixed quantities or the elasticities global investment
international transport priced ¢« S/D ratio of dotie<€lG provide prices ¢ zero balance constrainiarket, perfect in OECD, constrained
elsewhere

assessment of trade impacts n.a. after a few periods n.a.

n.a. n.a. n.a.



RICE-99 FUND (version 1.6) GRAPE
Nordhaus et al. (19994, b) Tol (1999) Kurosawa et al. (1999)
Equity issues regions 13 (global) 9 (global) 10 (global)

Technical
change

Carbon trade

International
linkage

sectors households

infinitely-lived single agectnomy  non-overlapping generations single ageori@my  infinitely-lived single agent economy

other n.a. n.a. bottom-up energy module

in energy » carbon-free energy backstop (hit « global AEEI in the aggregated sector ¢ global A AEEI in the aggregated sector ¢ oil
price) e region-specific A Carbon E Carbon El in the aggregated sector substitutes in transports av. 2010 ¢ nuclear
in the aggregated sectors substitute available 2050

other region-specific exogenous growth in.a. n.a.
total factor productivity in the
aggregated sector

modeling as a carbon tax harmonized with as cooperation in a game-theoretic sense: suneofdls a carbon tax harmonized within trading
trading limits welfares of the trading regions is maximized withimits, with a constant unit transaction

actual regional reductions as control variables  cost of 1990$10 a ton
market powers n.a.n.a. n.a.cap on trade (10% of targeted rezhgfior net n.a. n.a.

supplementarity

buyers, for net sellers, and for both jointly)

geographic no trading, OECD, Annex 1, globalno trading, double bubble, Annex 1, Annex 1 amb trading, Annex 1, global trading

restrictions trading Asia, global trading

CDM n.a. n.a. global trading has emissions outside
Annex 1 constrained to their no-trading
level; CDM is not explicitly mentioned

trade n.a. except single output im.a. « in single output « in energy products in

compensation of permits the bottom-up energy module
finance n.a. n.a. n.a.



WORLDSCAN
Bollen et al.
http://www.cpb.nl/nl/pub/pubs/bijzonder_20/

AlM
(1999), Kainuma et al. (1999)
http://www-cger.nies.go.jp/ipcc/aim/

MS-MRT
Bernstein et al. (1999)

Equity issues

Technical
change

Carbon trade

International
linkage

regions
sectors

households

other?

13 (global)
11 (4 energy-related)

overlapping generations

« high and low-skilled labour ¢ region-cifie unformal

(low-productivity) sectors

21 (global)
11 (7 energy-related)

1 myopic representative household

n.a.

10 (global)
6 (4 energy-related)

1 infinitelyetiv representative
household

n.a.

in energy other

n.a. region- and sector-specKimgenous growth in factorse

productivity rate

constant AEEl -
constant A Carbon El n.a.

global

globale carbon-free backstop (high price) -
AEEI growth in total factor productivity,

endogenous returns on capital

modeling
market powers
supplementarity

geographic restrictions

as a carbon tax harmonized within trading limits

n.a.cap on trade (10, 15 and 25% of targeted rihsctor

net buyers, and for net sellers)

no trading, double bupAtmex 1, global trading

regional endowments are traded on aegional endowments are traded on an

interregional market
n.a.n.a.

interregional market
seller's market « cap on trade ¢ ban on
"hot air"

no trading, double behbAnnex 1, no trading, Annex 1, global trading

global trading

CDM + financing of retrofit projects following a cosebefit as global trading with emissions outsidsupplies an exogenous 15% of observed
analysis with additionality constraint (cf. textexogenous Annex 1 constrained to their BAU levelglobal trading transactions
5% of targeted reductions
trade Armington specification for all goods tumito Heckscher- « all  foreign goods  perfectly « Armington specification for all goods
Ohlin in the long-run substitutable ¢« Armington specificationexcept oil, electricity nontradable ¢ trade
for domestic and aggregated foreigbalanced over time horizon « study of
goods terms-of-trade variations
finance Imperfect global investment market petrégobal investment market » zeroed on the grop#th « perfect

mobility of capital
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Equity issues

Technical
change

Carbon trade

International
linkage

GTEM OXFORD CETA
Tulpulé et al. (1999) Cooper et al. (1999) Peck and Teisberg (1992, 1999)
http://www.abare.gov.au/pdf/gtem.doc

i 18 (global) 22 (mostly OECD), key macro variables foR (global)
AR 50 more
sectors 16 (5 energy-related) 1 myopic reF)resentat“i/r?finitely-lived single agent economy Infinitelj#ed single agent economy
households households
other saving decisions (forward-looking) are6 energy supplies, 4 energy demands i electric, 5 nonelectric energy supplies
disaggregated in age groups energy module for 8 regions in energy module
* nonelectric and electric carbon-free
in energy endogenous n.a. backstops (high prices) ¢ global constant
AEEI in aggregated sector
region-specific growth in total factor
other endogenous productivity, exogenous trend corrected bg.a.
energy prices ("crowding-out wise")
setti as a carbon tax harmonized within tradi as a carbon tax harmonized within tradinRegional endowments are traded on an
limits, with impact on GNP limits, with impact on GNP interregional market
market powers ~ n-a. n.a. n.a.
supplementarity n.a. n.a. n.a.

geographic
restrictions

) no trading, double bubble without trade in )
no trading, double bubble, Annex 1 Annex 1, global trading
the EU, Annex 1

CDM n.a. n.a. n.a.
< Armington specification for all goods e¢Armington specification for the single output  Cambpermits, the nonenergy good, oil
trade international transport priced and gas, and synthetic fuel are perfectly
substitutable
finance imperfect global investment market petrfgobal investment market n.a.



-11 -

Table 3: Calibration-based numerical trade poli@deis (Francois and Reiner, 2004)

Description

Partial equilibrium models

The GSIM model: (Global SIMulation model) includied
the World Bank's WITS package for tariff and trade
analysis, along with a short background techrpegler
from Francois and Hall (2002). This is a globaliltin
region, partial-equilibrium model.

? GSIM4x4.XLS (a compact example model with ug to
regions, and only import tariffs)

? GSIM25x25.XLS (a large template, for up to 2§ioas,
with tariffs, export taxes/subsidies, and productio
subsidies).

Perfect substitutes trade model: from FrancoisHat]
Chapter 5 in Applied Methods for Trade Policy Arsady A
Handbook, J.F. Francois and K.A. Reinert, Cambridge
University Press, 1997-1998.

Imperfect substitutes trade model: from Francois ldall,
Chapter 5 in Applied Methods for Trade Policy Arsady A
Handbook, J.F. Francois and K.A. Reinert, Cambridge
University Press, 1997-1998.

Anti-Dumping &tc: The USITC’s set of COMPAS models

(including some documentation on the spreadshEe¢se
are used (or have been and sometimes are, dependthg
political relevance of economics for any given faade
investigation) for antidumping and countervailingyd
investigations, for assessment of injury.

SWOPSIM: from Chapter 8 in Applied Methods for Tead
Policy Analysis: A Handbook, J.F. Francois and K.A.
Reinert, Cambridge University Press, 1997-1998.

General equilibrium Excel® models

123 Model: Excel implementation Devarajan et 87,9
Chapter 6 in Applied Methods for Trade Policy Arsady A
Handbook, J.F. Francois and K.A. Reinert, Cambridge
University Press, 1997-1998.

123 model for Egypt: Excel implementation with Bggn
data for 1998, J. Francois (2001).

123 model in steady-state: a steady-state extension
(combining Chapters 6 and 12 from Applied Methaats f
Trade Policy Analysis: A Handbook, J.F. Francoid KnA.
Reinert, Cambridge University Press, 1997-1998.

GE Armington model: General equilibrium extensidrhz
Imperfect substitutes trade model from Francoistdal]

Software
required

Excel

Excel

Excel

Excel

Excel

Excel

Excel

Excel

Excel

Partial or
general
equilibrium

PE

PE

PE

PE

PE

GE

GE

GE

GE

Single
or
multi-
region

MR

SR

SR

SR

MR

SR

SR

SR

SR
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with a short background technical paper from Fosnand

Hall (1998).

Shipping model: International trade with imperfect Excel
competition in shipping, from Francois and Woo2001),
“Market Structure, Trade Liberalization, and thaT®,”

European Journal of Political Economy.

GTAP: Dominique van der Mennsbrugghe’s spreadsheet Excel
implementation of the GTAP model.

General equilibrium models in GAMS® and GAUSS®

GTAP-E: A GAMS implementation of a model of GAMS
international trade that includes carbon emissi¥ios. will

need access to the GTAP database (not providell fidie

version is for GTAP4, which is benchmarked to 1995.

IFPRI standard model: This is the standard modetidped GAMS
by Sherman Robinscgt al when at IFRPI.

123 Model: GAMS implementation of the 123 modehiro GAMS
Devarajaret al 1997, Chapter 6 in Applied Methods for

Trade Policy Analysis: A Handbook, J.F. Francoid KnA.

Reinert, Cambridge University Press, 1997-1998

Single region U.S. CGE model: (from Chapter 7 Bf J. GAMS
Francois and K.A. Reinert, Cambridge Universityd3re
1997-1998.)

Transition dynamics: a model of the Austrian ecopdrom GAUSS
Chapter 13 in Applied Methods for Trade Policy Arsid: A
Handbook, J.F. Francois and K.A. Reinert, Cambridge
University Press, 1997-1998.

Labor markets in GE: from Chapter 14 in Applied Mets GAMS
for Trade Policy Analysis: A Handbook, J.F. Frasand

K.A. Reinert, Cambridge University Press, 1997-1998

The Small model: a 3-region model implemented in GAMS
MPSGE. This is the same aggregation used for the

“SIMPLE” model below. HTML-based documentation is
available.

The Large Model: a multi-region, MPSGE-based madeld GAMS
while | was at the GATT/WTO to assess the UruguayrRi
agreements. This model is SAM-based (our global S&M
included). This was published, in various formg,e.

Francois, J.F. B.J. McDonald, and H. Nordstrom )99

"The Uruguay Round: A Numerically Based Qualitative
Assessment,” in W. Martin and A Winters, eds., The

Uruguay Round and Developing Countries, Cambridge
Univesity Press.

This includes a number of features that were intiogdor

CGE models once upon a time: (1) explicit quotasl@ided

in the file), (2) global monopolistic competiticand (3)
steady-state investment effects (included in ilbednd

called “numeric ballistics” by Glenn Harrison whiea first
commented back in 1993).

GE

GE

GE

GE

GE

GE

GE

GE

GE

GE

MR

MR

MR

SR

SR

SR

SR

SR

SR

MR
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General equilibrium models in GEMPACK®

GTAP model (old version): from Chapter 9 in Applied GEMPACK  GE MR
Methods for Trade Policy Analysis: A Handbook, J.F.

Francois and K.A. Reinert, Cambridge Universityd8re

1997-1998.

This is a multi-region CGE model. Further documgaotais

available from

Chapter 2 of Hertel, T. (1996), Global Trade Angys

Cambridge University Press.

Steady-state investment effects: from Chapter Bpiplied GEMPACK  GE MR
Methods for Trade Policy Analysis: A Handbook, J.F.

Francois and K.A. Reinert, Cambridge Universityd3re

1997-1998.

Imperfect competition in GTAP: from J. Francoisatgc GEMPACK GE MR
Economies and Imperfect Competition in the GTAP klod

GTAP Technical Paper No. 14, 1998.

Capital accumulation in GTAP: from J. Francois, B. GEMPACK GE MR
McDonald, and H. Nordstrom, , Liberalization ando@al

Accumulation in the GTAP Model, GTAP Technical Pape

No. 07, 1996.

The SIMPLE model: GEMPACK GE MR
This is a self-contained (i.e. executable) somewlaatd

version of the GTAP model. It includes scale ecoesm

imperfect competition, nested- and non-nested itpor

demand, rigid wages, and some capital mobilityttneat.

The idea is to follow a single experiment acro$fednt

model features. HTML-based documentation is avkglab

These examples are built on the same dataset &Srtted!”

model in GAMS/MPSGE linked above.

Purpose and organization of the monograph

This monograph is part of the effort to increase ¢apacity to apply multisectoral models
for economic policy analysis, especially lackingtire New EU Member States, where such
models have been missing from both university cuta and practice. As a result, there are
hardly any experts in these countries knowledgeabtxperienced in multisectoral modelling
methodology widely used in a variety of areas @neenic policy analysis in other parts of the
world. The proper use of CGE models requires satiataknowledge and skills in several
fields, including economic theory, statistics amanputation techniques. The monograph was
tailored first of all to the needs of studentsessh assistants and modellers coming from this
environment, but might be useful additional readimgother interested beginners in the field
elsewhere too. The monograph is supplemented hgusacomputer programmes to provide
numerical illustration and models to the themesg@méed.

This training material has been organized into trapand sections as follows. The first
chapter reviews and deepens the reader's knowledgthe theoretical and methodical
foundations of general equilibrium models necesdarythe proper understanding of the
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strengths and weaknesses of general equilibriurtysisalt is especially designed for those
who have not studied in a systematic fashion magsiieal economics and the history of
economic thoughts.

It starts with two abstract models developed byratato explain concepts such as Walras
law, price homogeneity, counting equations and oratosure that reappear in the CGE
models. The use of simpler models facilitates theeustanding of those concepts and provides
a useful introduction to the art of CGE model bumigd We also touch upon the issue of the use
of weak inequalities and complementary restrictionthe market clearing conditions as well
as the structural and reduced forms of the modeisvnking the Cassel and Schlesinger-Wald
variants of the first model of Walras.

The models presented above were stylized theokratiodels not intended for practical
application. Unlike those models Leontief develoghd first applied general equilibrium
model for policy analysis, the model of interindigdtor input-output analysis. In the third
section the basic concepts and equilibrium conafitiof Leontief's model are introduced and
discussed.

The early models of general equilibrium were haljsthacroeconomic models, not using
any behavioural explanation for the determinatibthe choice of technology or final use. The
pioneering works of Hicks and Samuelson filled tgep by merging the holistic, macro-
economic framework with the neoclassical theoriedirms and consumers. That approach
became the framework of modern applied generallibgqum models. Section 1.4 describes
the main components and conditions of general ibguin in a model based on micro-
economic foundations (differentiable production atitity functions).

The functions used in the neoclassical GE modeleveware not easy to estimate in the
practice. Modellers therefore had to circumvenemfthe problem by using an alternative
representation of technology and preferences basdtle use of fixed coefficients and linear
relationships. Koopmans and Kantorovich were awdfde laying down the theoretical and
methodological foundations of applied linear ecormmodels. In section 1.5 we discuss the
basic concepts and theorems of linear activity yaeal, which form the basis of the linear
programming (LP) approach used extensively in thalysis of resource allocation. The
nation-wide LP models can be interpreted as lie@gr model. We illustrate that point by
presenting a Koopmans—Kantorovich type model ofeganequilibrium that is the linear
equivalent of the Hicks—Samuelson GE model presdntéhe previous section.

In section 1.6 we pave further the way leading tmdern CGE models by presenting a
stylized version of the first applied general eduilim model developed by Leif Johansen.
This model is a combination of Leontief-type inmuttput model with macroeconomic
production and consumption functions, thus an wgquiput model extended with relative price
driven substitution possibilities. Many models dolled or were inspired later by Johansen's
pioneering work and retained its original structureorder to keep the model transparent, we
present a prototype version of the model with neifm trade and taxes, and with no income
redistribution.



-15 -

Finally, the last section summarizes the modelsemted and discussed in order to ease
their survey and comparison.

The chapter is accompanied by two numerical exasnghel exercise package. The first is
an Excel realization of the Cassel-model assumifag®@rs and 3 products (Cassel-2x3.xIs and
Cassel-2x3.doc). This exercise illustrates how rtbeclassical theory works in practice and
how the equilibrium solution depends on the paramsedf the model. The second is an Excel
illustration of the simplified Johansen CGE modébhansen-DinLeo.xls). This program
demonstrates also how simpler CGE models can beeddby iterating only with a few
variables and repeatedly solving a set of simuttaseequations.

In the second chapter the main variants of appiedtisectoral models macroeconomic
models, the input-output, linear programming anchgotable general equilibrium approach
discussed and compared with each other. Speciaha&sigis laid on their close similarity and
features which link them together. The systematiew and discussion of the alternative
macroeconomic multisectoral models reveals themmon features and differences. The
comparative analysis of the various model typesasucial step in the explanation of the CGE
approach especially for modellers coming from themer socialist countries. It enables the
reader (student) to understand better the gendrigdspphy lying behind the computable
general equilibrium approach and models. In thaittg seminar we could see that it was
considered to be very useful even for students dv@ acquired already some experience in
building and running CGE models.

In the first section the basic concept and conétite statistical input-output tables (one of
the main data source of the CGE models), and tk&ition to Leontief's static input-output
model are reviewed. Next we discuss the alternatrags in which foreign trade can be
represented in the I-O tables. The partial clogossibilities and possible extensions of the
input-output models prepare the ground for the eortzdion of complex volume and price
models, which reappear as product balance and ilgunh pricing conditions in the
computable general equilibrium models as well,ardy un the pure input-output models.

The second section deals with the optimal resoalloeation models taking the form of a
linear or nonlinear programming problem and basedo input-output technology. By means
of simple models we discuss in brief how optimaorce allocation models can be used for
economic policy analysis. We point out to the bgsioblem of the linear programming
approach, namely that these models tend to produlistic overspecialized solutions. The
only way to constrain overspecialization in a linegdel is the introduction of ad hoc bounds
on certain groups of variables, which in turn distoehe shadow prices of the commodities and
resources on the other hand.

We demonstrate next that the use of rigid bounasjisvalent to assume less then perfect
substitution between certain pairs of commoditresise or production represented by piece-
wise linear isoquants or indifference curves. Swiitg to smooth, differentiable curves one
can arrive at a nonlinear version of the same regoallocation problem that uses ‘flexible’
rather than rigid bounds to constrain specializatithe nonlinear model produces much more
meaningful prices for the commodities and resouaggeearing in the model.
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It is pointed out that the first order necessarpditions of the optimal solutions of a
nonlinear resource allocation model — using appatgrfunctional forms — resemble the
conditions of general equilibrium. There can beyamlfew conditions which will have to be
revised and changed in order to get the conditiohs perfect competitive equilibrium.
Introducing taxes and subsidies in appropriategsacto the set of equilibrium conditions one
can arrive at a stylized CGE model.

In the third section the main building blocks ok tGE models are introduced and
discussed: the commodity structure, representatidachnology and production decisions, the
representation of exports and imports, income itigtion and final demand (consumption and
investment), and market clearing equilibrium coiodis. We close the section and the chapter
by discussing the CES functional forms typicallyedisn CGE models, and their calibration
procedure.

This chapter is also accompanied by exercise pnogies and materials. To facilitate the
understanding of the characteristics of the prognarg models we developed an Excel
program (LP-2x2-6eset-CES.xls), which computesgmghically displays the feasible set, the
main functions and the optimal solution. The usa @ES welfare function helps also the user
to understand the nature and role of CES functionsCGE-models. The program also
illustrates the sensitivity analysis of the mulktiggal macroeconomic models.

Another exercise possibility is provided by a GAM®del that distinguishes 3 sectors and
10 household groups, and was calibrated using Hiarwgadata for 1998 (MultHH-opt-
scen.GMS). The model, by setting appropriatelyviikeie of certain parameters, can be used
for the solution of both an NLP and CGE variantied same problem and for the comparison
of their behaviour. We have also developed an Extetface for this GAMS program, which
can present and compare the results of up to 7laiimm runs in a transparent Excel format.
The GAMS code of this program provides thus a Usefercise that teaches the user how to
present model results in Excel.

Having prepared the ground in this way, in chaptere turn to the detailed presentation of
the specific features of a typical GEM-E3 modethe third chapter. We go through one by
one the issues related to the assumed househdidiss and government's behaviour,
domestic demand and trade flows, the equilibriuncipy identities, the representation of
income distribution and redistribution, the mar&letaring conditions. We pay special attention
to the issues related to model calibration andmugeonomic policy analysis.

Extensions of the GEM-E3 model include the geneasibn of the household utility
function to take into account of the geographicietsgr of consumer goods, imperfect
competition, the financial module determining thengral price level, etc. In the training
material we presented only the environmental modahel discussed the possibility of
representing private consumption and income geioeratith multiple households.

Chapter 4 describes two important extensions o&B&-E3 model. In the first section the
environment module is introduced, which represehes effects of different environmental
policies on the economy and the state of the enmemt. It concentrates on three important
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environmental problemsi)( global warming i{) problems related to the deposition of
acidifying emissions, andii() ambient air quality.

Next, the three components of the environmentaluledre described in details. Namely,
the “behavioural” module representing the effects of different poliogtruments on the
behaviour of the economic agents,'state of the environmentimodule, and the “policy-
support component”, including the policy instrungerglated to environmental policy.

The three mechanisms that affect the level of detmssions in the modelt) (end-of-pipe
abatement technologies)(Substitution of fuels, andii() production or demand restructuring
between sectors and countries are also explainsohne details.

The presentation of the GEM-E3 model’s environmentadule was accompanied by a
model developed for Hungary, which was based on élkéension of the GEM-E3
environmental module.

The second section describes the problems thag, avisen multiple households and their
relationships with the labour market and incoméridhstion are represented in a CGE model.
After discussing the various socio-economic groonpAaation criteria, we present a
neoclassical quasi-dynamic CGE-model. The model wabbrated for Hungary and
distinguishes 3 sectors and 10 household groupsLITWH.GMS program). The model
contains group specific human capital (accumuléethe “productive” use of the household
expenditure) and group specific financial wealtiETcabour supply functions and alternative
closures rules increase the flexibility of the mladepolicy analysis. This program allows also
for useful practical exercises.

The fifth chapter is devoted to the issues relébetthe statistical background of the GEM-
E3 models. In order to calibrate the parametersa GEM-E3 model one has to compile
benchmark year data on the production technologgl.(iemission of air pollutants),
consumption patterns, taxes, income distributiamirggs and final demands. These data can be
derived from various sources. The following dakeirt availability and method of estimation
or derivation is discussed in details in this ckapt

— |-O tables and their supplementary tables, the mnpatrix and the matrix of indirect taxes
and subsidies, import duty matrix;

— foreign trade matrices (exports and imports by caaiity groups and partner countries);

— consumption transformation matrix;

— investment matrix;

— income distribution data, such as like the valudealdand its primary distribution /wages,
social security, production taxes, production gties, operating surplus, income-
expenditure balance sheets;

— environmental data needed for GEM-E3, for exameirission coefficients per type of
activity for the pollutants considered in the modehrginal abatement cost functions for
some of the pollutants, coefficients representingllupants’ transformation and
transportation between countries, damage per poliind its monetary valuation;
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— auxiliary data, such as like factor endowment dagrest rates, inflation rate in the base
year, demographic data, foreign tourists domestiasemption expenditure by supplier
branches and the related VAT and consumption ta@gy balance sheets, energy taxes,
stocks of energy consuming durable goods, shagasifline and gas-oil within motor-fuel
demand, share of non-energetic use of the energgrsa etc.

The GEM-E3 model distinguishes 18 branches, 13 waopson categories, the list of
which and their content can be seen in the taliésppendix 1 of the training material. The
method of reclassification (aggregation) from thigioal break-downs to the desired break-
downs can be found in Appendix 2. Since most ofgheve data enter into a SAM (Social
Accounting Matrix) scheme, designed specially fie GEM-E3 model, this chapter gives a
detailed description of the SAM and instructionsvto fill it with the available data.

A separate appendix contains an extract of the SM9A8 volume’s method for the
compilation of the Input-Output tables from thecatled ‘Make’ and ‘Use’ tables. To illustrate
this method in a simplified case, in this chapterpresent an Excel-worksheet (MakeUse.XLS
file) elaborated for the Hungarian CGE model. Salvepecial programmes developed for
these purposes of estimating missing data, reeogaind aggregating the available data (e.g.,
the flexible and general aggregation-reclassificaprogram or the ‘additive-RAS’ algorithm)
are also presented.

Chapter 6 describes step by step and in greatslatav the Hungarian data were compiled
for the GEM-E3 model in order to illustrate the wprocess. The compilation of the income
distribution block of the SAM is discussed in threajest detail, drawing useful conclusions for
a similar process for other countries. This spemmphasis is justified by the fact that the data
availability and methodology of the income disttibu is rather different across countries, so
it is important to demonstrate how we can overcéhese problems especially in new EU-
countries where income distributional data ardélast accurate and detailed.

Chapter 7 outlines the model implementation pracéle latest versions of the GEM-E3
model involve systems of about 60,000 non-linearatigns per time period. The GEM-E3
model has been successfully transformed into a ancanplementarity model and solved in
GAMS using the PATH solver. Previous attempts tévesahe model in other solution
algorithms (as with MINOS and CONOPT) have beerugosssful mainly due to the model’'s
large size and complexity. The PATH solver on thleeohand, has been successful in solving
very large scale models and through the complemgn@pproach that it uses, enables the
expansion of GEM-ES3 to include inequalities an@pasate optimisation energy sub-module.

Thewww.gams.conwebsite contains the documentation and the syftesof the GAMS
package. The GAMS is a rather efficient and modelder friendly software to handle and
solve large nonlinear models with 'well-behavingvice differentiable, etc.) functions in its
equations. Several sample programs are used ta@iexahd illustrate the structure of the
GAMS programmes and highlight the main syntactleswhich are important from the point
of view of the GEM-E3 model’s program.
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1. Salient models of general equilibrium

1.1. The static Walras—Cassel model of general equilibim

Walras modelled the exchange of commodities at enbmrel, as if it would take place
only between two agents, one representing the holdgand the other the firms (producers).
The exchange taking place between various housshmidproducers is thus left out of
consideration. Households own all stocks and ressurincluding the factors of production,
and demand produced goods for consumption. At engset of product and production factor
prices they decide on the supply of factors anddismand for goods. Walras assumes that
their choice can be represented by two sets of déraad-supply functionglemandunctions
for the produced goodsi(p, r), i =1, 2,...,n andsupply function®f the factors of production,
sdp, r), k=1, 2,...,s. The nomenclature used is the followimgis the number of products
(final goods)sis the number of primary resourcess (p;) andr = (ry) are the price vectors of
products and primary resources, respectively.

Walras assumes that the household’s demand andysiumgtions arehomogeneousf

degree zero (only price ratios matter) and alwayfd the budget constraintthat is, the total
value of demand equals that of supply (the so d&llalras’s law:

Yi pili(p, 1) =Xk rS(p, 1)

Firms possess nothing, but merely organize prodnctly demanding factors from
households and supplying produced goods. Produtticimology is represented by fixeg
coefficients, which indicate how much factois used (on average) to produce one unit of final
outputj. At any given set of prices, firms produce onlgge commodities, the prices of which
cover or exceed their cost of production. Walrasuases that no profit can be earned in
perfectly competitive equilibrium, for any profitowld lead to bidding up the prices of some
factors of production. In equilibrium, thereforeiges have to meet the requirements of the so-
callednon-profitpricing rule:

Pj = r1-dy +ra-dy +...+ rs-ds;, 1=1,2,..n (WS-1)
where the variables are
pi unit price of product (i =1, 2,...,n),
rx unit price of factok (k=1, 2,...,9).
The further conditions of general equilibriumthe static Walras model are the supply-
demand equations on the product markets:
vi(p, 1) =i, i=1,2,...n, (WS-2)
wherey; is the (final) output of product(i = 1, 2,...,n),
and on the factor markets:
Gayr +deyo +...+ dinrYn = Sdp, 1), k=1,2,...5 (WS-3)

The three sets of equations contaim 2>s variables (unknowns). However, because of the
assumechomogeneityof the demand and supply functions and the preceéation rule, the
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price level is left undetermined by the above s$etquations. It can be assigned any positive
value, e.g., by selecting some commoditynamerairegood and setting its price to one. The
total number of equations seems to exceed thahkifiawns, and the model over-determined
therefore.

We can however remove one equation by Walras's Muitiplying the equations with
their complementing variabley,, pi andr, respectively and summing them up, after some
rearrangement we get:

i Pili(p, r) =Yk risd(p, 1),

which is the above introduced Walras’s Law? In ptherds: if all markets clear but one, then
that last one will have to clear too. Thus, we deoyp one of the market-clearing conditions out
of the model. Thus, the number of equations becatses2x + s— 1, equal to the number of

the unknowns.

Although the equality of the number of equationd aariables is neither necessary, nor
sufficient condition for solution to exist, for Wak and his contemporaries this guaranteed that
the model was consistent with the concept of douulm. This type okquation countingvas
not meant to prove the existence of equilibriumit & often falsely interpreted nowadays, but
enough to prepare the ground for parametricisiryciibrating the model in such a way that
its solution would replicate the observed statthefeconomy concerned.

CASSELS VARIANT OF THE STATN/ALRAS MODEL

The Swedish economist, Cassel (1918) illustrateith wimost the same set of equations the
concept of general equilibrium as Walras, appayemiiependently from him. He ignored
factor supply functions and assumed that all faceme supplied inelastically by agents, or
better to say, by nature (primary resources). Tihal fdemand for produced goods in his
formulation was function of their prices alone:

Pj =ry-Oy +ro-dy +...+ rsdgj, j=1,2,...n (C-1)
Yi(P) =i, i=1,2,...n, (C-2)
Ok1-y1 + dio Yo +...+ Ok Y = S k=1,2,...5s (C-3)

This set of conditions can be derived from a madeisisting of equations (C-1), (C-2'),
(C-3) and (C-4), where

¥i(p, €) =y, i=1,2,...n (C-2)
€=k NS (C-4)

wheree is the expenditure (income) of the housholds dedyi(p, € demand functions are
homogeneous of degree zero and satisfy a genetdbme of Walras’s law} i pili(p, €) = e.
Settinge = 1 as numaraire, and dropping (C-4) we arrivéassel’'s form.

This model can easily be reduced further. Equat{@4) define they product prices as
functions of the factor prices. Substituting fhevariables with the resulting(r) functions in
equation (C-2) we can express wgllas functions ofr. Finally, substitutingy; variables in
equation (C-3) by the resulting(r) functions the demand for factors can be expressed
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functions of their own pricesk(r). As a result, the conditions of equilibrium canreduced to
the market clearing equations of the productiomofacalone:
di(ra, ra, ...rg =S

Cassel's model played crucial role in the lateradegment of general equilibrium models.
For a mathematician it was clear that the existafcslution of the above equation systems
was far from a trivial mathematical problem thatulco be checked simply by counting
equations. The examination of this problem madeesdfiennese scholars interested in this
problem, and it was a variant of Cassel’'s modealppsed byschlesingef1935), within which
Wald (1935) proved rigorously for the first time thestgnce of general equilibrium. In order
to overcome some mathematical problems (negatist®rfgrices) they used inequalities and
complementary slackness conditions instead of thginal equations in prescribing the
equilibrium conditions on the factor markets:

Oa-yr + A2 +...+ OknYn < Se, k=1,2,...5 (C-3a)
i.e., in equilibrium there can be no excess demant,

e (Oka-y1 + die Yo +...+ Ak Vi) = Mk Sa k=1,2,...5s (C-3b)
the price of the oversupplied factor must be zeute (of free goods).

Using matrix algebraic notatiom,= (r¢), D = (dy) and so on, we can rewrite the general
equilibrium conditions of the Schlesinger—Wald micakefollows:

r20, p=p(y), p=rD, Dyss, rDy =rs.

1.2. The periodic model of Walras with capital goods

Decreasing the level of abstraction Walras intredudiscrete time intervals and capital
goods in the second version of his general equilibrmodel. The formulation of that model
gave rise to th@roblem of closurea problem which is present in the typical CGE pisds
well. We will present a slightly more generalizeztsion of this model. The goods serving for
final consumption and investment will not necedgdre distinct commodities in our model.
There will be three kinds of goods in our model:

— final products(goods produced but used only for consumptiomeestment in the given
time period),
— capital stocks(final goods accumulated in the previous periqusysically the same as
their currently produced counterparts) and
— primary (non-producedjactors of production
Let us decompose final usg)(into consumption\) and investmentz), and introduce, in
addition to the variables and parameters of thicstaodel the following ones:
by the input coefficients of the capital goods,
kioc the accumulated stock of capital gadthe supply of capital goods),
g the unit price (cost) of capital good
r? the rate of amortization of capital goiod
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71 the net rate of return on capital gaod

Following Walras, we can formulate the necessanditmns of general equilibrium in this
model as follows:

G = ([ + 71)-p, i=1,2,...n, (WP-1)
P =rody +r2:0y +...+reds +Quby + Qb +... 4 o'y,  j=1,2,...00, (WP-2)
vi(p, g, 1) +z =Y, i=1,2,...n, (WP-3)
Gayr +deys +...+ dinrYn =Sdp, 9, 1), k=1,2,...5, (WP-4)
bi1-y1 + biz-y2 +...+ bin-yn = Kio, i=1,2,..,n, (WP-5)

wherevi(p, g, r) is the consumers’ demand function for gapdnds(p, q, r) is the supply
function of thekth primary factor of production, ampl= (p;), q = () andr = (ry).

Introducing appropriate vectors and matrices werearmite the entire system as

q=p<r®+ 1> (WP-1a)
p=rD +qB (WP-2a)
v(p,q,r)+z=y (WP-3a)
Dy =s(p, q. 1) (WP-4a)
By =ko (WP-5a)

The first condition, (WP-1) is simply the definitiaf what is called nhowadays tN¢alras
cost of capitallamortization plus the net rate of return). Thetsanaking up the price of the
produced goods include now the cost of capital goasl well, as seen in (WP-2). Equations
(WP-3) — (WP-1) represent the demand-supply equilib conditions on the markets of
currently produced goods, primary factors of prdaucand accumulated capital goods.

The number of the unknowng,(z, p;, ;, 77, rv) in the above system of equations ia {5
s), whereas the number of the equations iis44). The system is thus underdetermined as yet,
havingn degrees of freedom. At the same time, investmentathd has yet not been specified
and the equality of the net rates of return ontehpias not been postulated yet either that must
be fulfilled in equilibrium. There are thus two cpeting sets of additional equations to make
the model mathematically well determined. Choosing of them would let the values of the
other set of variables determined by the modelrariy (as residuals), and not in accordance
with the theoretical assumptions.

Walras was perfectly aware of the fact that theaétyuof the rates of return would require
the harmonization of the accumulation of capitatks with the demand for them. If he chose
to close the model by prescribing the equalityhef tates of return, nothing would ensure the
above harmony. If, on the other hand, he specified investment demand in one way or
another, then nothing would guarantee the unifornoit the rates of return. The formal
(mathematical) closure of the model leaves thus rttwalel essentially open ended. This
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problem became to be known #@® issue of macro-closyrgvhich is present in any similar,
finite period model with investment variabfes.

Walras chose to close his model by prescribingeheality of the rates of return, i.e.,
substituting the equations (WP-1) with

G ="+ 7p;, i=1,2,...n (WP-1")

and getting rid of the variableg. This reduces the number of unknowns and the degfe
freedom to one, which can be eliminated by the maire i.e. by fixing the price level
(assuming, as usual, demand and supply functiomofeneous of degree zero). Walras left it
simply for conviction that investments would adjussuch a way that maintained equilibrium
on longer run and the equality of the rates ofrretdvalras’s model with capital goods was
essentially a static representation of long-termildgium. This is exactly the reason why the
problem of macro-closure emerged in it.

1.3.The circularity of production and Leontief’'s model of general equilibrium

The models discussed above did not take into at¢cthen fact that ‘commodities are
produced by means of commoditieSréffa 1960). In any given period a significant part of
the total demand for produced goods is generatettidproduction itself. Not only by future
production (through accumulation, as in the seamodel of Walras), but also and mainly by
current production. The mutual interdependencehef arious branches, tharcularity of
productioncreates in an economy a set of equilibrium cood#iand linkages, which were
neglected in the models discussed above.

It is easy to make up for this deficiency and idtroe the intermediate use of the produced
goods into the above models. L&t denote the material input coefficients, the amooint
produced good used to produce one unit of gojpdndx; the total production (output) of good
J. (We will usey; to denote total final demand, as before.)

The conditions of demand-supply equilibrium on fireduced commodity markets will
change as follows:

X =ajiXtapX t...tanX)ty, wherey =w(p,q,r) +z
and the cost-of-production pricing rule will be nifaetl accordingly too
B =Pray+ ... +ppan troedy + .+ redg+ gy + .t oDy

The rest of the equilibrium conditions remain picalty the same as before, except that
factor demand depends now on totgl dnd not just final outputy]. Rewriting the conditions
of equilibrium of the previous model we get thddaling set of equations:

q=p<r®+ 771> (WL-1a)
p=pA+rD +qgB (WL-2a)
Ax +v(p,q,r) +z=Xx (WL-3a)

! The issue of macro-closure has been discussdtkititérature on computable general equilibrium eisdfor example,
by Dewatripont and Michel (1987) and Taylor et(2B79).
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Dx =9s(p,q,r) (WL-4a)
Bx =ko (WL-5a)

The modified set of the WL-equations yields nothimgt the theoretical framework of
Leontiefs (1928, 1941) statimput-outputmodel Leontief's method of input-output analysis
was designed for practical application and focusedhe intersectoral linkages represented by
the a;, input coefficients. Instead of using demand angpblufunctions he turned his model
into a partial equilibrium model, in whiciinal demandandvalue addedbecame exogenous
variables. Leontief’s static input-output model si@its of two sets of equations only:

X = @j1-Xy t @2’ X2 ...+ Qin"Xn Y, =1, 2,...,n (L-1)
B = P1-ay + p2ray +...+ Prray + G, j=1,2,...n, (L-2)

wheregc; is the coefficient of value-added, which — unlikehe previous models — in addition
to the cost of primary factors may contain purefipas well. Rewriting the above equations
into matrix algebraic forms one can see their pedeality:

X=AX +y (L-1a)
P=pA+c (L-2a)

Under normal conditiods(l — A)™ exists and is non-negative, and the above twesyst
of equations can thus be rearranged and uniquelgagor thex; andp; unknowns:

x=(1-A)"y, (L-3)
p=c(l —-A)Y (L-4)

wherel stands for the identity matrix, and< A)™ is the so called Leontief-inverse of matrix
A.

The Leontief-inverse matrix acts like a multiplierthe above equations, expanding and
distributing the effect of any exogenous changédinal demand and/or value added among
various sectors. Unlike the model of Cassel, whicltompletely supply-driven (the given
amounts of primary resources determine the levedcoihomic activity), Leontief’'s model is
fully demand-driven (the level of final demand detaes the level of production). Its basic
assumption is that the economy operates at less fthiacapacity and the changes in total
output are not constrained by the availability afmary resources (labour and capital stocks).
These seemingly simple forms can be developedantariety of input-output models as we
will illustrate it later.

1.4.The Paretian—Hicksian system of general equilibrium

The basic structure of the Paretian system is amtd the static Walras—Cassel model.
Unlike, however, Walras and Cassehreto (1906) represented the choice of consumers and
producers not by demand and supply functions, jubdiimal decisions derived from well-
behaved (differentiable, strictly concave) utilagd profit functions. Given a set of output and

2 They are usually referred to as the Simon—Haw&insroductivity conditions.
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factor prices, households are assumed to choosedéttaand for produced goods and supply
of factors via the unique solution of a utility-mamzation problem, and firms to set their
demand for factors and supply of produced goods\peofit-maximization problem. The rest
of the model followed as in Walras’s static model.

In the 1930s and 1940s this approach was furthegldeed. The most influential among
the contributors waslicks (1939). Whereas the models of Walras and Cassel hasically
macroeconomic, holistic constructs, their Paretifioksian version is based on microecono-
mic foundations, due to the assumption of optingzsconomic agents. This reformulation put
the emphasis on efficiency of resource allocatioth @xhibits, as we will see, close similarity
to the nation-wide models of optimal resource altam.

Let us assume that there andirms and the technology of firjncan be represented by the
following differentiable production function:

Fit?) =Ftd, t, .. td, ... t)) =0 (=12, ..,m), (1.4-1)

wheret? = () is the vector of net outputs, positive if outpéitgoodi exceeds its use, zero or
negative otherwise.

Adapting this notational convention, the profit {riecome) of production activity?
earned at prices = (p;) can be expressed by the following scalar product:

ptV = pit) +portd + L o+piet! + L Pt (1.4-2)

The profit-maximization problem of firfconsists of the maximization of function (1.4-2)
subject to the constraint given by (1.4-1). Accoglithe classical Lagrange method, the
optimal solution must be a stationary point of ibléowing Lagrange-function:

Li(t?, 4) = pt¥ - - Ft?).

Setting the
o, _ . 0F
ot PTG

partial derivatives of the Lagrangian function dqumazero and replacingd; with its value
given by the last equation,

oF,

ot '’

n

Ai =pn:

the necessary first order conditions for profit inaxm can be expressed by the following set
of equations:

F.
T B i=1,2,..n-1),
an pn
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oF. . . . L . F.
where F; :?J! is theith partial derivative of functiorr;, and —3—;”:—" represents the
i i jn

marginal rate of transformation between commodigndi, which in optimum is equal to the
ratio of their prices (the so called tangency cbod).

Let us denote the utility function of ti¢h (h = 1,2, ... K) household by

Un(Y®) = Un(ys", y2", oo YY),
and his disposable income gy(p).

Household faces the following optimization problem:

maxun(y™), s.t. e(p) =py™ = pays" + pay” + ... +pyi" + .. +Poyn’.

The first order conditions for utility maximum cdie expressed by the following set of
equations:

where u,, :% is theith partial derivative of function, the marginal utility of good and
h
- 3y”h =t represent the marginal rates of substitution betweommodityn andi in the
yi uhn
case of household, which must be equal to the ratio of their pri¢asother set of tangency
conditions).

Let us denote the vector of initial endowments aivbg the households by vectar The
suma + ¥; t9 defines the vectamet supplyof different goods. According to Walras's law the
total value of this net supply, the sum of proéitel the value of the endowments must be equal
to the value of the net demand of the consumers:

ep) =p(a+3;t?) =pyn y™ = Then(p).

The fulfilment of this law can be secured if we assithat the net income of households is
always equal to a given fraction of the total peeshmet supplye,(p) = anlé(p) = anp(a + t),
whereay, = 0 andy ), an = 1 represent the distributions share parameters.

Summing up: a general equilibrium is achieved If mhrkets clear, which means that
prices are such that the demand for each good ®thebkupply of each good, i.e. there is a set
of pricesp = (p1, P2, .- ,Pi, .- ,Pn) SUch that:

PH(a): optimal producers’ decisiong<£ 1, 2, ..., m, nxm equations):

Fj(tlja tzj, ---,tij, ...,tnj) =0,

=i P (=12 ..n-1),
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PH(b): optimal consumers’ decisions € 1,2, ... k, nxk equations):

Py + Py + Py oy = anP(a+y; t(j))
_dyn :ﬁ:&, (i:]_’ 2’ n_l)’

HS(c): the demand for each good equals its sufiplquations):
a P+ L Ay Y Ly K (=12, ..n).

Thus we haven(m + k +1) number of equations. Let us now turn to th@aldshing the
number of unknowns. From firijts optimization problem the unknowns &fdor each good
=1,...,n. As we haven firms, then we havaexm unknowns from the production side. Thus, as
many unknowns as many equations characterize thienapproducers’ decisions. From
households’ optimization problem the unknownsygréor each good and each household, that
is nxk unknowns all together. Again, the number of unknswnatches number of equations in
this exercise. And finally, each market-clearingi@ipn can be matched by one commodity
price. Thus, for the entire system there are equlber of unknowns and equations.

It is easy to check that the equations characteyizquilibrium depend only of the price
ratios, their level can be set arbitrarily. We tlams set, say, the price of the last commodity to
one (i.e.pn, = 1), whereby one of the unknowns will be elimethtThus the total number of
equations seems to exceed that of the unknownswBushould not forget Walras’s law.
Summing up the households’ budget constraints akitid into account thgt, a, = 1, after
some rearrangement we get:

pa+pt® +pt@ + . +pt¥ + L +pt™ = py® + py@ + L +py® + L +py¥,

wich is the same as the eqation we would get ifonass-multiplied each market-clearing
equation by the price of the corresponding good amdmed up them over commodities. We
can thus remove one equation by Walras's law. Tte# tmmber of equations is therefore
equal to the total number of unknowns.

We should note that the above equations are firderonecessary but not sufficient
conditions for equilibrium in general and the edyabf the numbers of unknowns and
equations does not guaranty in general the existensolutions. In any numerical exercise
one has to make sure that the concrete forms opribéuction and utility functions are such
that guaranty the fulfilment of the second ordendittons of optima as well. The equality of
the numbers of unknowns and equations is normaiiyuired for the local uniqueness and
stability of the solution.

As we have seen, if we consider prices as parameterthe agents’ maximization
exercises, than the first order necessary conditafnoptimum will define regular equation
systems, seBH(a) andPH(b). Choosing well-behaving functional forms one express the
optimal solutions as functions of pricest?(p) net supply and §)(p) net demand functions.
Substituting these functions into the market-clegequations we can reduce the conditions of
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general equilibrium to the equality of total nepply and total net demand on each good’s
market:

a+tA(p) +tPp) + ... +tM(p) =yD(p) +y¥(p) + ... +y¥(p)

These are formally nothing but the conditions aifilgrium used in the models of Walras
and Cassel, in which the supply and demand funstame no longea priori given macro-
functions to be estimated, but the aggregates efstpply and demand functions of the
individual agents, derived from their assumed ogtitnehaviour. As we will see later, in
applied general equilibrium models we use thisefaftpproach rather than econometrically
estimated supply and demand functions, which &sk impossible in most cases.

EQUILIBRIUM, EFFICIENCY AND OPTIMALITY

As noted earlier, the significant novelty of therd&®@mn—Hicksian version of general
equilibrium was the explicit introduction of optimig economic agents. This made it possible
to investigate the problems of efficiency and optlity within the framework of the general
equilibrium model, not just the equality of supm@pd demand. Pareto introduced his well
known concept of efficiengywhich stated that a given allocation of econoneisources is
efficient if and only if there is no other feasilakocation such that would yield higher level of
utility for at least one household and not lowarday one else.

In the case of the above model this can be intexgrand characterize as follows. The
feasible set of allocations in our case means sabtections of the variableB = ('), Y = (yih)
andu = (uy) that satisfy the following resource and technwalconstraints:

Yoy -2t =4 (i=1,...n; (FA-1)
FtY) =0 (=1,...m); (FA-2)

Each feasible allocation can be evaluated in teomthe utility levels,u, = un(y™) it
provides for the various households. From the defmof Pareto efficiency it follows that if a
feasible allocationT® Y® resulting in utility levelsu® is efficient thant'® andy™ satisfy
constraints (FA-1) and (FA-2), and in addition thé no such allocatiory andy;" that would
satisfy these constrains and at the same tifie un(y™) weak inequality would hold for af,
andur® < un(y™) relation for at least orfe

Consider now the following constrained optimizatigroblem (we put in parentheses on
the left margin the assigned Lagrange multipliers):

maxuy(y™)
st. () Yhyi' -t =a (i=1,..n);
A) Rt =o0 (=1, ..m;
(77n) un® = un(y™) = 0 =2 .. Kk;

From the definition of Pareto efficiency it follovisatt;'® andy;™ is a feasible and in fact
an optimal solution of the above maximization el cthe Lagrangian function of which is
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L(T, Y, p, A ) = ia(y™) - 3 pilln v - 35t — &) = 3 A(tY) - Z un? = un(y™)).

Therefore they will satisfy the following first aed conditions of constrained maximum:

oL/ot: p = AlF; (=1, ..nj=1,..m;
oL/oy,™ Ugi = i (i=1,..n);
oL/ay:™ N = p i=1,..nh=2, .. K);

As one can easily check these resource allocagasilfility and optimality constraints
(more precisely, once the Lagrange multipliers elnminated) are entailed by the necessary
conditions of equilibrium, therefore, competitivgudibrium provides by force an efficient of
allocation of the resources. This is the firstestagnt of the well known theorem of welfare
economics.

In the case of one (representative) househokd 1) the conditions become simpler and at
the same time the (single) utility functiay) provides a measure for nation-wide optimality
or welfare, by which we can compare different akians. In the case of multiple houshold
one has to define an appropriate welfare functioaggregate (comeasure) the utility levels of
the various households (household groups). In batfes we can express gains and losses in
utility in terms of money, using either the Mardi@ga consumers’ surplusr the Hicksian
equivalentand/orcompesating income variatidarmula, as we often do in applied models.

Using the welfare function approach we can re-distalthe above statement of welfare
economics. The maximization problem in this casesifollows:

maxW(uz, Uz, ... ,Uy)

st 6) Yhyt =Yt =a (i=1,..n);
A) Rt =0 (=1,..m);
() uh — u(y") = 0 h=1,..K);

The Lagrangian function of this problem takes tleWing form:
L(T, Y, u,p, A ;) =W(U) = X plEn v = Xyt - &) =
%5 AT(EY) = 2 Anlun — un(y™)),

which yield the following set of first order conigins:

oL/ot: p = nH; (=1 ...mj=1,..m);
oL/ay;™ AnDni = py i=1,..nh=1, .. K;
aL/ouy: Wo = A h=1, .. k):

The first two sets of these conditions are the sadéhe necessary conditions of the
previous maximization problem and their solutiorfed only in terms of the numeraire.
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1.5. A Koopmans—Kantorovich variant: a linear model basé on fixed coefficients

ALTERNATIVE REPRESENTATIONS OF TECHNOLOGY

The early models of general equilibrium using fixedut coefficients represented production
in anex postmanner, treating them simply as given averagetiopefficients, which could be

observed once equilibrium is reached. Walras ntitatithey were in fact variables, depending
on prices, but considered this fact a negligiblehtécal detail, which can be ignored in an
abstract model. In a later edition of his book ke\ed them from the marginal conditions of
cost minimization. As for Leontief the use of fixegbut coefficients was a pragmatic necessity
dictated by the availability of statistical dataveesl as computational techniques and facilities.

It was, however, not so much the use of fixed coeffts that raised theoretical concerns,
but rather the neglect of technological choice jamt production, the proper representation of
the technology. Smooth classical production fumdjoallowing for substitutability between
pairs of inputs and outputs in a wide range, offema alternative and they became standard
tools in neoclassical microeconomic theovan Neumanr(1937), on the other hand, in his
model of equilibrium growth demonstrated that tkeehnhology allowing for technological
choice and joint production can be representedgusied input-output coefficients.

It wasKoopmang1951) who laid down the axiomatic foundationgpadduction theory, in
general and the linear activity model, in particuor Koopmans the choice between smooth,
differentiable production functions or fixed coeféints was not a theoretical, but a practical
problem, which should be governed by the purposethaf model (pure or applied),
mathematical and computational algorithms and tegckas, the availability of statistical data
and so on.

In applied models of optimal resource allocatiord ahoice of techniques, based on
detailed representation of technology, the linedivily model combined with the method of
linear programming proved to offer a more suitabfgproach than the models based on
smooth, differentiable production functions. Thenier can be based on the knowledge of
discrete technological variants, whereas the esittimaof production functions is severely
constrained in practice. The linear input-outputgpamming approach dominated for many
years the applied macroeconomic modelling for yadicalysis.

The linear activity model rests on the assumpti@i the technology can be represented as
the nonnegative combinations of finite number adnedntary activities. Let us denote by
vectorg; 00 R" the unit net input-output coefficients of tjt elementary activity, wher@; is
positive if the output of goodexceeds its input, negative if its input is larggn its output,
zero otherwise. Let us denote kRy= (x) the vector the (nonnegative) levels of the vasiou
elementary activities. The technology defined bgéir activity model is the following:

T:{t:t=ix,-[§,- =Ax, x 2 0},

whereA is the (unit) input-output coefficient matrix, wieethe unit levels of the elementary
activities, and thus that of the unit coefficierdan be chosen arbitrarily.
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The production set generated by the set of the@vatlg input-output coefficient matrix
(two inputs and one output, four elementary agésitis illustrated on Figure 1.1 and 1.2.

.02 -03 -04 -05
A=|.04 -02 -03 -01
1,0 10 10 1,0

Figure 1.1
The technological set defined by a mathix

the input requirement set at unit
level of outpu

The assumptions of proportionality and additivityply constant returns to scale and lack
of production externalities, and that the techngl@®ya convex polyhedral cone (see Figure
1.2). The production set generated by the linetivigcmodel is a piecewise linear variant of
the one defined as follows:

T={t:t=3t9 F9) =0},
j=1
where F; are the production functions used in the Parelfdgcksian system of general
equilibrium, and they are all homogenous of degere.

Figure 1.2
The input requirement set and the unit isoquant
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A KOOPMANS-KANTOROVICH MODEL OF GENERAL EQUILIBRIUM

We will present now a completely linear varianttoé Paretian—Hicksian system of general
equilibrium based on the linear activity descriptiof technology. As we will show it in the
next chapter, we can easily solve this model bynaed a linear programming problem.

The necessary conditions of equilibrium are aved!:
(EO) feasible activity levels and prices:
X,y,pz0,
(E1) producers maximize profit:
a)pA <0, but b)pAx =0
(E2) consumers’ choice and Walras'’s law:
a)y =y(p, e) = eld/ps’, where
b)e = pa,
(E3) all commodity markets are clearing:
a)a+Ax 2y, but b)pa + pAx = py.

The commodity composition of consumptios() (is considered to be fixed in order to
maintain the linearity of the equilibrium condit®nas much as possible. The notable
exceptions are the so-called complementarity canditE1l/b and E3/b, which state that the
profit is maximal (zero) in the case of activitiesed in equilibrium and that the price of the
commodities in excess supply is zero in equilibrium

Consumption is modelled here as if consumers’ &wiguld be the outcome of an optimal
decision in the case of a Leontief-type utility ¢tion:

U(y1; y2| LR ,yn) = mln{(yllsly) yZ/SZy) e yYn/Sny}-
Condition E2/a is so far nonlinear, but we candnmee it by choosing the unit basket of
consumption as numeraire, by setting its valuen® that is’ = 1, when we get
Yi(p, € =els.
It can be easily seen that the equilibrium condgiare equivalent to the optimality
conditions of the following Kantorovich-type linegrogramming problem:

Primal problem Dual problem
xz0,yz0 p=0
(p) a+Axzys pA<0 (x)
ps'21 (\))
y - max! pa - min!

wherey = e/ ps’ is the level of consumption.

Thus, we have again demonstrated the close coonetitat exists between the models of
nation-wide optimal resource allocation and the nmawcodels of general equilibrium. As we
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will show it in the next chapter that close concaptsimilarity led modellers for policy
analysis to switch to computable general equiliiaristom linear programming models in the
second half of the 1990s.

1.6. A step towards computable models: Johansen’s modet general equilibrium

In the previous section we illustrated the formiolatof a general equilibrium model based
on productions and utility functions, and the asgtiom of optimizing agents. For illustrative
purposes we chose a rather general and abstrastraon In this section we will present a
much more concrete specification, a model such tisals parameters, which one can be
relatively easily estimated on the basis of avé@labacro-statistical data.

As a matter of fact, we will construct a model vesiynilar to the first CGE model,
developed by Leif Johansen (1960) for Norway. Thilel is a combination of Leontief-type
input-output model with macroeconomic productiod aonsumption functions, thus an input-
output model extended with relative price driverbsiiution possibilities. Many models
followed or were inspired later by Johansen's peoing work and retained its original
structure. In order to keep the model simple, wk eansider astatic and closed economy
with no foreign trade.

THE REPRESENTATION OF PRODUCTION

There will be two types of commodities: outputsnokinds of production sectors, and two
kinds of primary resources (labour and capital)hvekogenously given supplizo and Ko).
Each productions sector will be modelled as a sprative firm. They use sectoral outputs in
fixed proportions &; unit input coefficients, as in the case of Ledrgienodel) and primary
resources with variablenit input coefficientgl;, k). The feasible combinations of these latter
ones are defined by the following type of equations

fil k) =1
where eacHj(l;, k) is a linear homogeneous (constant return to pgateduction function.
Denoting in sectoy the level ofoutputby X;, and the amount dabour and capitaby L; and
Kj, respectively and the amount ofaterials originating from sector by X; the complete

specification of the production function of secjowill be the following, so-callethested
production function of Johansen-type

X.. X X .
X :min(—l’;--, —L e, —F ’fj(Lj’ K,-)j-
alj aij anj

fi(L;, K)) is the partial capacity defined hyamount of labour anl; amount of capital and
its value can be interpreted as a measureaoingposite factgrmade up by them. Because of
the linear homogeneity of functiofp, their minimal cost per unit of output)X will be
independent of the level of and it can be determined by solving the followo@imizing
problem:

w-lj + g-kj — min! fi(l;, k) =1,
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wherew and g is the unit cost (price) of labour and capitalspectively. The first order
necessary conditions of this cost minimum can bivee from the following

L, K, A) =wlj + aks = AT, k) — 1)
Lagrange-function and they will be the following:

of of

W:/].—j, :/].—j,
F] ok

fillj k) = 1.
Because of the linear homogeneity of functipand by virtue of Euler's Law we have

of. of.
A —]|-+—Jk-J:/1j:W-|j+q-kj:Cj.
'(ah' ok,

The value of the Lagrange-multiplidy is in fact equal to the marginal composite cost of
labour and capital, which in this case is the sas¢heir average as well as their unit cost. In
the case of well-behavefd functions the value of the three unknowns can X@essed as
functions of the factor prices:

I =1j(w, 0, ki =ki(w, ), ¢ =4 =A(w, g),
which are equivalent representations of the firstkeo necessary conditions. One can indeed
choose among several alternative representatiotiseofame conditions. Later, for example,
we will use the following ones (two unit factor dana functions and their combined cost):
lj =1j(w, q), ki =ki(w, q), G =w-lj +ak.
If all factor prices, including sectoral goods, ailé positive, than in a cost minimizing
solution we will have

Xy = aqilX, Xy =aglX;, ..., Xoj = anlX, Ly =lj(w, )X andk; = ki(w, q)IX;,
thus the ratio ok; andK;| is determined by the unit cost minimization proible

In equilibrium the prices of the produced commeaditand the composite labour-capital
factor will be equal to their minimal cost. The qaiequal-cost definition is not only the
reflection of the neoclassical convention, but als® only prices, which are compatible with
the assumption of constant returns to scale (lipdermogeneous) production functions.

In the case of sectoral outguits unit price,p; can be determined by any of the following
forms:

=2 pray Wl + ok =2 pray +g,
which is formally the same as the price equatioheantief's static model. Here, however, the

unit value addedg; is no longer exogenous but endogenous variable,itanvalue reflects
changes in both the composition of labour and ejpnd their relative scarcity.

Thus, the equilibrium values of the labour and Edmoefficients as well as the prices of
the sectoral commodities can be determined ondene® the factor prices as follows:

(E1) I; =l;(w, 9), i=1,2,..,n,
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(E2) Kk =ki(w, ), ji=1,2,...n,
(E3) p=2ipi-a +w:l; + gk, i=1,2,..,n.
which contain 8 unknowns and equations in addition to factor prieandq.

The level of the sectoral output can be adjustethe¢csize of demand, since the profit will
be maximal (zero) at any production level at thevaprices.

THE REPRESENTATION OF CONSUMPTION

Let us turn now our attention to the problem o&fidemand, which in our static model can be
seen as household consumption. We will represamuwoption as the decision of one agent,
whose preferences can be represented by a so-&tled—Geary-typatility function, which
leads to a linear expenditure system. The utilitgction of this type will be illustrated on
Figure 1.3 in the case of two commodities.

The problemStone(1954) faced was that in the case of the CES {anh<lasticity of
substitution) utility functions typically used ipplied models the price elasticity of the various
goods was uniform. He wanted to stay with the sasiplpossible form (Cobb-Douglas
function) and still apply different price elasties. In order to achieve that he assumed for each
commodity that part of the consumptionofhmitted consumptipnis fixed at a certain
(realistically given) levelsg’ andc,’) and only the expenditure left after their purehéhe
variable or excess expendituey = e - p;-¢;° — po-c) is allocated between various goods
according to a utility function. In other wordsethtility function is defined only over the set
of excess (variable) consumption’ € y; — ¢).

Let us denote the utility function given in termSwvariable consumption bw,(y1’, y2").
Given thep; and p, commodity prices and excess expenditake the conditional utility
maximization problem will be the following:

W(y:’, y2") — max! Pry:’ +p2y2’ =ev.
The corresponding Lagrangian function:

L(yr", ¥2', Ao) = U(y2", ¥2") = Acllpr-yr’ + p-y2’ — ev).

Figure 1.3

Optimal choice in the case of committed and vaeaansumption

\\Dyoptimal choice

Yoo [Tttt Y1
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The first order necessary conditions of optimumthtes

aux = APy, aux
oy, ay,
where the optimal value of the Lagrange multipHeis the marginal utility of money anm,
= 1/Ac is nothing but the minimal cost of reaching anitoliglal unit of utility u,. If the utility
function is homogeneous of degree one, as we ysasdume, it is the same as the average or
unit utility of money. This means that in the opdinsolutionuy(y1’, y2") = A8y, as it can be
seen from the following identities (the first ideyis implied by Euler's Law again):

ou,

ay;

In the case of homogeneous utility function theiropt structure of excess consumption
will be independent of its level, so we may arr@teghe optimal solution in a different way too.

First we can determine the optimal structure ofesgcconsumption by solving first the
following utility maximization problem:

= AP, Py +p2y2 =ev,

dJu
B oy B2 =V = A+ perys) = AR
2

p1-C1’ + P2-C’ — min! v(cy', c') =1,

the Lagrange multiplier of which — assuming thalitytfunction is homogeneous of degree
one — will bepe, = 1/A;, which is the minimal cost at which a consumptomdle &', "),
yielding one unit of utility, can be purchased.

The cost minimizing bundles{’, ;") can be interpreted as a composite good wortmef o
unit of utility, whose price iPc. eVpey thus gives us the maximal level of utility thahdae
achieved from expenditurev. Multiplying this by the above determined coefficients, we
can calculate the optimal level of the goods puseha addition to committed consumption

Yiv = Sv@\/pcv = SVSV-

Following this route we have arrived at the demaydtem implied by the assumed
preferences:

¥ (P, P2, €Y = 5"(P1, P2)BV/ Peu(pr, P2),
or alternatively
Yi(P1, P2, €) = ¢i° + 5" (p1, P2) e~ pr-Ci° — Po-C2’)/ Pe(Pr, Po)-
Let us now assume that the utility function is fibkowing Cobb—Douglas type function:

vai vaz

u =y "y

where a1 + a» = 1, as Stone and Geary did. In such a case thieenndemand system will be
yi =c’ + a-evip,

from which we get
Py =pic’ + aey,

thus, the expenditure structure is linear. Thidaxg the origin of the terrhinear Expenditure
System But of course one must not insist on using Coldudias type function and can
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generalized the Stone—Geary approach. If, for el@ampne uses a Leontief-type utility
function, which entails fixed" proportions, he will arrive at

yi =G+ Gy,
a form that is often used in linear models of natiade optimal resource allocation.

We have not discussed yet the issue of the detatimmof consumers’ expendituee In
order to fulfil the requirements of Walras’s lawe wiill assume here too that the households
spend always as much at given prices as much the wéthe initial endowments (labour and
capital in this case) and the optimal level of finsf(zero in this case). Thus

e=w-Lo + g-Ko or alternativelyev=w-Lo+ g-Ko = pr-¢1° — po-C,°.
After all, the consumers’ decisions can be repregsem a compact way via the derived
excess demand system
(E5) v’ =¥i'(p1, P2, .. » P, €Y), i=1,2,..,n, where
(E4) ev=w-Lo+q-Ko— X pi-c,

which precedes in logical order the previous ofiégse conditions ada + 1 new unknowns
and equations to their already existing sets.

The above sets of equations fully describe thenmgtichoices of the representative
economic agents and the formation of supply andatheinThe market-clearing equations for
sectoral outputs and primary inputs few unknowns ana + 2 additional equations) will
make the set of necessary conditions of generalilegum complete:

(E6) x =2 aj-x +¢° +Vi", i=1,2, ..n,
(E7) Z; Ij-% = Lo,

The market-clearing equations (E6) given for thet@al outputs are again the same as
those of the static Leontief model, except for faetly endogenous specification of final
demand.

Table 1.4: Summary of the equations and vargable

(E1) 1j=liw, g I n
(E2) Kk =k(w,q) K n
(E3) p=2ipia +wlj+ak X n
(E4) ev=w-Lo+ g-Ko—Z; pi-c° ev 1
(ES) ¥ =¥"(Pr, P2 -, Pn €Y v’ n

(E6) x =Zjajx+c +y pi n
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(E7) Z] |]XJ =Lo w 1
(E8) Zj k- =Ko q 1

In Table 1.4 we have summarized the equations amidbles of the Johansen model of
general equilibrium. To each equation we assignedriable (see in the third column) and in
the last column we put the number of the correspanequation and variable kind. It makes it
easy to check that the total number of equatioesgjigl to the total number of unknowns,+5
3. One can also show that from equations (E3), {EEB) we can derive (E4) by Walras's law,
therefore we can eliminate one equation as befGme. the other hand, all terms are
homogeneous of degree zero in the prices and vatoes, we can thus remove one unknown
as well by setting the price level.

We can do the following. We remove the variableesditure by setting its level equal to
one, that iev= 1. If the level of the committed consumption avatl zero, than the demand
function gained in this way;'(ps, p2, ... , pn) would be the same as in Cassel's model. Let us
eliminate, on the other hand equation (E4), whiefingd ev. In this way we arrive at a
generalized version of the Cassel model, in whigre are two primary factors with variable
input cooefficients, the produced goods enter mbg bnal consumption but also as factors of
production with fixed input cooefficients.

Table 1.5: A solution scheme of the model

Equation Calculate

W=W, =0

lj =1j(w, g) I
ki =ki(w, ) K
P = 2i pira + Wil + -k P
¥i' =¥i'(P1, P2 - s Pn) Y’
X =2 a;x + 6o +y" X
La =2 1j-x = Lo Lg
Ka =2 k- =Ko Ka
Lg ??Lo, Kg ??Ko (if necessary, Wes1, Ofst

adjust factor prices and continue)

We present the corrected system of equations ifeTlab and indicate a possible algorithm
to solve the system. The algorithm does in factcedhe solution of the model to the markets
of the primary factors, as we have shown this faggi while discussing Cassel's model. We
start the algorithm with some estimated primarydaprices { andq), we solve sequentially
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for equilibrium in a recursive manner until we aeriat the calculation of factor demand. Then
we check if their demand matches their supply,iancease or decrease their prices depending
on the sign of their difference. If the case ofiviiehaved production and utility functions, one
can design a simple heuristic iteration procegstbthe equilibrium value of the factor prices.

To show the close similarity of the Johansen ands€lamodel we reduce further the
equations to those of Cassel’s.

X =2 a5 + ¢’ + (P, Pas .. ,Pn),s
2 li(w, g)-% = Lo,
Z; ki(w, g)-x; =Ko,
P =2 piray +w-li(w, g) +gq-k(w, g).
THE OPTIMAL RESOURCE ALLOCATION EQUIVALENT OF TIHBEHANSEN MODEL

The equilibrium conditions of the Johansen model ba also easily reproduced from the
necessary conditions of the following welfare maxing resource allocation problem (on the
left margin we put in parentheses the assigneddragy multipliers again):

maxysy
st @) agx+cl+y’=x (i=1,2 .,n),
(©) X = fi(Ly, K)) (=1,2,..n),
(w) 2 Lj = Lo,
(@ 2 Kj =Ko,

(Pe) W =Wlyr', Y2 oY)
The Lagrangian function of the above problem ifoflews:
L=y - Zip{Zax+c’+y -x} -Zo{ x- fil K} -
w{Z L~ Lo} —a{Z K- Ko} —por{ w— W, y2's - .y}
The partial derivatives provide as usual the furttenditions of maximum:
oL/oy,:  pev=1,

of.
oLioL: ¢-—-=w({=1,2,..,n),
oL,

oL/IOK;: ? =q(G=12 ..n),

oL/dx: pj =2 pira + G i=1,2,..,n),

oL/dy":  pev- ay§ =pi(i=1,2,..,n).
oy,
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One can easily verify that the necessary conditadriee above optimal resource allocation
problem are equivalent to those of equilibrium. €ldar, for example, the case of production.
The second and the third set of the first orderddmns are nothing but the necessary
conditions of cost minimization. Because of thesinhomogeneity of the production functions
and Euler’s theorem the following identities hold:

of, of,
Ci'a—l_j'Lj +Cj'a—Kj'Kj =G =w-Lj +g-Kj (=e),
from which, dividing both sides of the second amdditequation by;, we get
G =wlj + gk

Thus, the fourth set of the first order conditicstates that the prices of the sectoral
commodities are equal to their cost of producthjch means that production choices are
maximizing the profit at pricgs. In the same way we can show that

C]XJ :W.|_j +qj'Kj = Zi pi-yi =€,
thus, Walras’s law holds. Also, because of Eul#r&rem
0
azz Vi = poryy = Zi pryi’ (Fey).

Pev: Zi

This together with the last set of the first ordenditions is nothing but the necessary
conditions of utility maximization. Dividing bothdes of the second and third equation in the
above relation by., we get

P =2 p™-s",

indicating thatp., can be interpreted as the cost-price of the coitgposnsumption gooct{’,
¢, ...,c), w(c', ¢, ... ,cy) = 1, and this composite good plays the role efrtameraire in
the above solution.

1.7.Summarizing the models presented

In Table 1.6 we present the models discussed ierdodease their survey and comparison.
Wherever it was possible we used matrix algebratation for brevity, and omitted the lists of
variables and potential sign restrictions.

Table 1.6: Comparing the various general equiliormodels

Walras |I. Cassel Schlesinger—Wald
(x=)y=v(p,r) x=)y =y(p) (x=)p =p(y)

Dy =5(p, r) Dy =s Dy<sr=0,derDy =rs
p-rD =0 p-rD =0 p-rD =0

price level: free price levelrs =1 price levelrs =1



Walras L.
(x=)y=v(p,q,r) +z
Dy =s(p, q, )

By =ko
p-rD-gB=0

q =p<r®+ 71>

price level: free

Paretian—Hicksian
a+yt0 =y, y®

F?) =0

d' _F, _p
dt’ F,
py™ = anp(a+3;tV)

dynh _Ui _ B

dy" Uy P,

price level: freeff, = 1)
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Walras—Leontief

(v, z, r andTtexogenous)

(I -Ax=v+z

p(l —-A)-rD -gB=0
q=p<ri+me

price level: free
Koopmans—Kantorovich

Leontief (static model)
(y andc exogenous)
(I -Ax=y

p(l —A)-c=0

price level: set by
Johansen

y =y +eld’
e=pa

a+Ax 2y, but

pa + pAx = py

pA <0, but

pAx =0

price level:pc’ =1

y =y +y'(p)

(I -Ax=y

|(w, g)x = Lo,

k(w, g)x =Ko

p(l —A) —wilw, g) -
olk(w, ) =0

price level.ev=p(a-y°) =1

We want add one final general remark to the presentodels. Except for the models

named after Schlesinger—Wald and Koopmans—Kantdipwe assumed that all variables take
positive values in equilibrium and therefore theimplity and equilibrium conditions can be
given in the form as equation. In a more genertingewe should have used inequalities with
complementarity restrictions.

1.8. lllustrative programs

The special programs accompanying this trainingere contain a numerical example for
the Cassel-model with 2 factors and 3 productsxoeE(Cassel2x3.xIs and its description in
Cassel-2x3.doc), which can be solved both by thi-ibuSOLVER dialog box explicitly as a
root of a one-variable polynomial equation of deg8e This illustrates how neoclassical theory
can be put to work and how the equilibrium solutidepends on the choice of model
parameters. It may also dissolve aversions abauthlack-box” nature of the more complex
CGE-models and the “mysterious” nature of theiugoh.

Interested reader may also find an illustrativedbprogram developed for the Johansen-
type of CGE model_(Johansen-DinLeo.xlIs). This paogrdemonstrates how models can be
solved by simple, heuristic iteration methods, gnly a few iterandus (in our case only one
factor price).




-42 -

2. Applied multisectoral models: a comparative review
2.1. Applied input-output models

2.1.1. The input-output table and Leontief’s static model

The statistical data base of input-output analysighe input-output table, a macro-
economic accounting framework, which combines twts 0f inter-sectoral balances (see
Table 2.1). In the rows of the upper part of tHedane finds a set of balances, which describe
the sources and uses of sectoral outputs of a giednd of time (typically a year). Each row
corresponds to a particular sector (industry, coditgyagroup), whereas the columns list the
main areas of use, among them the sectors themssdllie intermediate uses of the sectoral
outputs ki, 1, = 1, ... ,n) are arranged into a quadratic matrix, and firsgsuinto a rectangular
one. Typical areas of final usg;) are private and public consumption, investme(rst)
exports and change in stocks.

Table 2.1: The general scheme of the I-O tables

Intermediate use (sectors) Final use Total
1 A n|1 2 .. r | source

1 | X1 X2 ... Xy .o Xin Y11 Y12 o Vi X1
2 Xo1 Xoo ... ij e Xon [ Y21 Y22 e Yo X2
o[ X1 X2 o Xj e X YL Yi2o o Vi Xi
N [ X1 X2 . X -+ X |Yr Y2 -+ VYo Xn
1 |hi hp hyj hin
2 hz]_ h22 ven hzj e hzn

X1 X2 oo X Xn

The first set of balances requirements state tleastm of the elements in a row (the total
use) has to be equal to the total amount availdide s,

X =X1+ X2+ oo tXin FYin FYi2 + .. Y (i=1,2,..n). (2.1-1)

Ex post in a statistical table, this identity is alwaysfifled by force, since the change in
stocks creates balance between total source andhuseex anteanalysis this set of equations
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becomes an equilibrium condition. Total sourceiiker the total domestic output in the given
period of time or the sum of domestic output andants, depending on how one takes foreign
trade into account (we will come back to this iskuer).

Table 2.2: The I-O table in block form

Sectors , Final use Total
(as users) source

Sectors
(as producers)

X=06) 1 Y=00) | x=00

Value added | H = (hy)

The value
distributed

Looking at the columns of the sectors one will fthé second set of accounting identities,
which describe the composition of the cost of ddrmgwoduction, adding to the cost of the
consumed sectoral commodities (materials) varidbsracost and income components, so that
the sum of the column will be equal to the valu¢hef produced output:

X =X X+ . Xt h]_j + hzj + ... +hmj (j =1, 2, .. n). (2.1-2)

Typical components of the value addéxg)(are amortization, the cost of labour and net
operating surplus, and direct or indirect taxepetieling on the convention used. It is useful to
remember the blocks of a typical I-O table (seeldab.2) and the matrix algebraic
representation of the two sets of balances.

X=X1+Y1 (2.1-3)
Xx=1X +1H (2.1-4)
wherel is a vector with elements all 1 (the summationmgc

Dividing the elements in the various columns by tberesponding column sum one can
calculate the average input coefficients, for exianp

A= ()= X<X>'1, C=(c = H<X>'1' S=(s1) = Y<y0>'1'

which can be arranged in similar tablg® € 1Y, wherel is the summation vector, all ones and
<a> denotes a diagonal matrix made up by veatpr

A S

C
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The basic equations can be rewritten, using theealerived input coefficients, as follows:

X=AX+Y1=Ax+y (2.1-3)

1=1A+1C=1A+c (2.1-4a)

The interpretation of the first equation is straigiward. As we can see, it is nothing but
the equilibrium requirement related to the sectpralduct balance in Leontief's static model.
It is less clear, but the second equation canladsmterpreted in terms of Leontief’'s model of
general equilibrium. In a comparative static exe¥dhe elements of the summation vedtor
can be interpreted as the base priges (). Better to say, they are the base price indexes o
the various sectoral commodities, assuming thatotheerved data represent an economy in
equilibrium. We can thus rewrite this equation afgo the form it has appeared in Leontief’s
model:

p=pA+c=pA+1C (2.1-5)

Introducing the equivalent counterparts of the ettéht indicators measured in physical
units, for exampleg for x, v fory, R for A, we can present their equivalence in a tabulanfor
(see Table 2.3). The terms in equal position intWeetables are equal, for examplg>R<qg>
= A<x>, <p>q = X. In rewriting the value added we have borrowedtions and concept from
the previous chapter, thus matiix contains the input coefficients of primary factwb
production, vector their prices, vector™ the coefficients of the net operating surplus fjsp

Table 2.3: Input-output tables based on value drydipal units

<p>R<g> | <p>Vv || <p>q X=A<x> | vy X
<r>D<qg>
= H =C<x>
c'<q>
p<q> X

From the above table one can also see the reaspthetelements of vectqrin equation
(2.1.5) represent price indexes and not their aibsaelalues.

2.1.2. Representation of foreign trade in the I-O tables

So far we have been dealing with closed econommes dad not bother with exports,
imports and the balance of trade. We can do thahiabstract model, but in applied models
one can not ignore them. We will use the follommggation:

 index of home origit, index of foreign origin (importn,

thus, for example, the intermediate use of theosalctommodities X) can be split up into
domestically producedX(’) and imported part{™). We will use similarly theA, A" and A™
input coefficient matrices.
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* index of domestic us& index of terms related to export or foreign ese

for example, total final use can be split up intomestic use and exporty: = y? + z.

Distinguishing final use with respect to originwasll we can writey™ andy™, wherey" = y"
+z.

Total use of imported goods in production and tigiut coefficients can thus be defined
asx™ = 1X™ anda™ = 1A™. Total import of various sectoral commodities, the other hand,
will be denoted by vectamn, wherem = X™1 +y™ and their sum isn = 1m. If we combine
the two sources, domestic production and imporésywil denote their total by =x +m.

The above examples illustrate the notation to bedu$ut their meaning will become
clearer from the position they will hold in the wars 1-O tables which will be presented
bellow. We will present four possible ways in whicieign trade can be incorporated into the

scheme of an input-output table, without violatitegbasic convention, whereby the sectoral
row and column totals must be equal.

In the first arrangement (I/O table of type A) weat imports as if all imported
commodities were perfect substitutes for their dstimesectoral output. Therefore, domestic
production and imports are presented togetherarugiper part of the input-output table. Thus,
the total amounts of the distributed sectoral comiities equal tox + m = X.

I/O table of type A

I-O table I-O coefficients
X vz | & A g ¢
h c
(x) Yo Z 3" 1 1
m M
X X 1

In order to make the sectoral column sums to balegutheir row equivalent the amounts
of imported commoditiesnf) had to be added to the domestic outpiitat the end of each
column. At first glance this looks to be an extrgmartificial and meaningless correction,

especially the coefficients calculated from theabtable. It can be shown, however, that this
solution is not meaningless at all.

Let us write up first the commodity balance equagiwith the coefficients gained from I/O
table of type A:

K =A% +y? +z

by means of which we could estimate the likely effef a change in final demand on the
supply of sectoral commodities. This equation isiegjent the following two:
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x=<">(Ax +y?+2) = Alx + §"d+ 2"
m=<S">(Ax +y? +2) =AM + ™+ 2™

whereA = X<x>"1 AM= <">A, A™ = <s™>A and so on.

From this transformation it turns out that the imjplassumption behind such calculation
would be that share of domestic producti@h &nd imports§™) would remain the same after
the changes take place, and this same compositaidvwrevail in every area of use, including
the exports as well. Notice that import would beeoandogenously determined in such a
model.

As far as the pricing equation implied by the abtal#e is concerned, i.e., equation
p=pA+p,E"+¢,
it is easy to see that it can also be rearrangéukifollowing two sets of equations:
p =p"<s"> + p, A"
ph:dﬁh+pdan+q
where p" can be interpreted as the price index of the dtiosdly produced sectoral

commodities,p, the average or general price index of the impats]a™ = 1A™ = §"A.
Vector p can thus be interpreted as an average userspdostof the sectoral commodities.

The second arrangement (I/O table of type B) restihe opposite assumption: imports are
perfect complements to the domestic output of #reessectoral origin. The upper part of the
table contains only the commodity balances of ddimgsoduction. The import used in
production x™ = 1X™) or in final consumptiony,) are represented in a separate row.

I/O table of type B

I-O table I-O coefficients
X" y' ooz | x A" g ¢
x™ Ym 0 |m a" Sn O
h c
X Vd z 1 1 1

Let us write up again the commodity balance equatiwith the coefficients gained from
I/O table of type B:

x =AM +y"d+z,
to which we can immediately add the following twguations:
m=a"x + Ym,

m =AM +y"™
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The first equation can be used to estimate thdyli&Hect of a change in the final demand
for domestically produced sectoral commodities beirt output. The second and the third
equations will show the repercussive effect ofdheve change on the imports, where the use
of imports in production is endogenously determinied.

The interpretation of the
p'=p"A" +pr@" +c

price equation is straightforward. It can be usedtfacing through the likely changes of the
sectoral prices of domestically produced commaslitessulting from an exogenous change in
the cost of imports or some elements of value added

A third version (1/O table of type C) is aimed atrecting the criticized problem of type A,
that is, adding imports to domestic output to reghe equality of the last row and column in
the table. Instead of that they propose to subinagorts from final demand, and make the sum
of rows be equal to domestic production. In effécstead of the exports the table contains
only net exportszZ— m).

I/O table of type C

[-O table I-O coefficients
X |y* z-m]| x A 53
h 0 0
X Yd

As a result both exports and imports will be examyen variables in the input-output
analysis based on the coefficients gained fromtdde of type C, as can be seen from the
basic equations:

X=Ax +y* +z-m,
p=pA +cC.

These equations are the straightforward extensibrise forms we got in the case of the
closed model. It suffers, however, from the problbat imported goods are considered to be
completely the same in all respect (quality, preg)heir domestic counterparts. It provides no
explanation for the size of foreign trade.

And finally, a fourth version (I/O table of type as been designed exactly with the
purpose of making foreign trade, both exports amgarts endogenous variables in the
otherwise conventional input-output multiplier aysas$. It is achieved by the introduction of an
additional ‘extern trade’ sector, which purchasa®ifyn currency by means of exports, which
in turn finances imports. The total value of imgogh = x™1 + y,,)) as a rule differs from the
total value of exportsz(= 12). Their difference, the balance of trade- z = d;) can be placed
in different positions of the revised I-O table. Wl show two possible arrangements here.
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Both solutions are based on sound economic logith lare meant to make up for the
difference of produced and realized national incothecan be shown that using the first
solution (D1), in which the balance of trad#)(appears as part of the value added, one
assumes implicitly that the ratio of the balancetrafle to total imports, that ise = dJ/m,
remains constant in the analysis. In the case @fsdtond its absolute value should be set
exogenously.

I/O table of type D

D1: I-O table I-O coefficients
xh . yhd X A 2| g
X" 0l ym | m a” 0| sm
X ml Yq 1 1] 1

D2: I-O table I-O coefficients
X"z oy | x A L
X" 0 lym-de| z a" 0] sn—Swe
h 0 0 h C 0 0
X z Vh 1 1 1

The basic equation of the conventional input-outputtiplier analysis, assuming change
in final domestic demand, takes the following famthe case of D1:

Ax) (A" rF)Ax) (Ay™
e lan(er)
decomposing the equation we get:
Ax = A"AX +r%.Am + Ay

Am = a"AX + Ay,

These equations reveal the nature of this solutf@change in domestic final demand will
not only directly effect domestic production, bodirectly too. It is assumed that export will
change too, in order to restore the balance oktvaltich is upset by the change in imports. As
a matter of fact, the change in the exports wilpbgportional to the change in the import, as
can be seen from the first equation.
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We can eliminatéAm by substituting its value with the expression diag on the right
hand side of the second equation. In this way wg deaive the condensed form equivalent of
the augmented input-output model equation:

AX = (A" + r%aMAX + r2Aym + Ay = AZAX + 12 Ay, + Ay™.
wherer®a™ denotes the dyadic product of the two vectors. fagrix A* = (A" + r%a™ is
now of the same size as matA®, containing larger elements. Thus if the chandfests only

the final demand for domestic goods, its impactiomestic output can be estimited by solving
the equation

Ax = A*Ax + Ay,

which looks exactly like the basic equation, bwg thput-output coefficient matrix contains
now elements that transmit the indirect effecthaf thanging export as well.

This modification of the input-output system witifluence the form and content of the
price multiplier associated with it too. On the isasf the above augmented input-output
coefficient matrix we get the following price form:

A r
B p)=0p" pe)(

et
a 0

which can be decomposed as follows:

h z

p"=p"A" + pea™ +c,
Pe =P + Ce,

wherec, denotes the balance of trade coefficient, whidbriggs to the column of the exports in
the value added part of the modified input-outpibie.

In the definition of the domestic price indexeslikenin its open version, the cost of import
(@™ is revaluated by the price indgx. The value of this latter index, given by the s&to
equation, reflects changes in the domestic cosaofing foreign exchange via exports.

2.1.3. Partial closure and extensions of the input-outpaidels

The solution followed above is callgdrtial closurein the input-output literature, which
can be applied to other initially exogenous paftthe model, not accounted for in the chain of
repercussion initiated by some external changee Tak example amortization, which is part
of the exogenously given value added. One may wanéke it into account that if output
increases it will automatically generate an inceeiasinvestments proportional the increase of
amortization, which represents the value of reptesr® investment. One may, thus, augment
the model in the following way:

oy P el o4

where ¢® is the row vector of the amortization coefficigng§ the exogenous part of final
demand,Ax” the sectoral level of amortization generated by thange in the level of
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production, andB the matrix of investment coefficients (use of eeat commodities for
investments in different sectors). The meanindghefform becomes clearer if we decompose it:

AX = AAX + BAX® + Ay®,
AXP = <cB>AX,

from which we can derive again the equivalent cosdd form:
AX = (A + B<c®>)AX + Ay® = A%x + Ay®.

The modification of the input-output system
A B
@pﬂ=@p%: J+@,@)

which can be decomposed as follows:

<c> 0

p =pA +pP<c® +,
p°=pB +c’,

andc’ denotes the value added coefficients other thartaration andc® the additional cost
coefficients belonging to sectoral investmentsrmitincluded into the commaodity block of the
table (e.g., taxes, when material cost is measatdxhse pricesp® can be interpreted as the
vector of price indexes of capital goods investao various sectors, which are supposed to
modify the value of amortization top’%c®>).

By appropriate substitutions we can again elimingteand the second equation to an
equivalent condensed form:

p =p(A + B<c®) +c’<c® + ¢ = pAY + cP<c®> + ¢,

Partial closure thus extends the scope of the emungly treated phenomena in the
conventional input-output multiplier analyses. Bwe tlatter we mean the analysis which rests
on a given input-output coefficient matrix and litsontief inverse, and on a simple matrix-
vector multiplication. For example, in last casetloa following formulas:

Ax = (I —ADAy® p = (°<c®> +c)(1 —AH ™.

We could also see that the decompossdi¢tura) schemes are much more transparent
then the augmented or the condenseduced multiplier forms. Their only advantage was the
computational convenience (a simple matrix-vectaltiplication), which mattered in the early
years of input-output analysis, but are no longguired.

2.1.4. Applied input-output volume models

We provide two examples to illustrate how one carmiulate somewhat more complex
input-output models in their structural form, basedthe knowledge of coefficients gained
from statistical input-output tables and potenyidibm other statistical sources. The various
balance and functional equations of the input-outpadel will reappear in the computable
general equilibrium models as well, thus, this sthation paves the way for the better
understanding the latter models as well.



-51 -

Table 2.4The assumed structure and content of the inputtbtéible

absolute values coefficients

Xh ych ygh Yvh 7 ykh X Ah Sch th Bh & bkh
Xm ycm ygm va 0 ykm m Am Scm s\qm Bm 0 bkm
t2m tem tgm V" 0 tkm | tm .[am Icm Igm .l.vm 0 Ikm
t? te tg tV -tz tx t .[a [ Iy T -l Ik
d c? | |
W c”
tv T
mn c"
t T

x| Y Yo ¥ | 7| W 1 {171} 1 1] 1

(We advise the reader to come back to that tablenwie or she feels lost in the midst of
the — at the first glance — somewhat complicatdadtioms.)

Table 2.4 lists the data, both the absolute vatinesthe coefficients (the absolute values
divided by the appropriate column sum) in an inpuiiput table format. The first two blocks
row wise describe the sectoral product balances, distribution the sectoral products
available from home productior,(indexh) or import , indexm), where the notations are as
follows:

XM X™ AP g™ intermediate use and their input coefficients
yCh, y, $h &m personal consumption and their coefficients
yo", yom, N o public consumption and their coefficients
y'h yvm gh gm sectoral investment and their coefficients
VARRVARE Al change in stocks and their coefficients

Following the two blocks one can find two rows. Tist contains the import tariffg¥",
tems tgm -3 T Tem, Tgm --.), because we assume here that the volume of trigporeasured at
their world market prices, converted to local caoag Therefore, théotal value of importsm
= ml measures the amount of foreign currency needethé&r purchase, converted to local
currency. The second row contains net indirectda®d subsidies tc, tg ...; T i, 7y ...).
The volume of exportsz) is assumed to show the revenue of the produedrsh may be
higher than the actual price paid by the foreigypens. Their difference, the export subsitly (
appears also in this block (with negative sign).tBig correction the columtotal exports z
becomes equal to the foreign currency earned bmnthenverted to local currency. The
difference ofm andz measures thus the foreign trade defidi}. (
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Finally, the remaining block contains the valueedldems and their coefficients:

d andc® amortization

w, t" andc”, T wages and wage surcharges

mandc” net operating surplus (profit)

[ production taxes/subsidies and their coefficients

Based on the above data we can formulate altematiuctural models that can be used for
comparative static analysis. For example, we céihwgpfinal consumption in such a way that
makes it easy to introduce exogenous or endogerariables into an input-output model:

yI =0 gy Oy ByY,
ym =y + 8 ye + Sy + BTY,
where the new symbols are as follows:

y"® y™  exogenously fixed part of final demand (cf. contetltconsumption)

Yev level of variable (personal) consumption

s 8™ unit coefficients of (variable) personal consuraptiif different froms™", ™)

Yy level of public consumption

v

y level of sectoral investment

We can split up (gross) investment into replacena@atnet investmeny{(=y" +y™) and
the former can be made endogenous by means dfltbeihg definitional equation:

y" = <ré><k>x,

wherer®k> = c? k is the vector of capital coefficients per unitooftput and ® is the vector of
the rates of amortization, as before.

Next we may assume that the level of variable peisconsumption changes in proportion
to wages, where the propensity to consug)aq a potential exogenous variable:

Yov = @-C"X.

Summing up, we have so far defined the followinig & equations:

x =AM +y" + My, + My, + BYY + By + z (2.1-6)
m=A" +y™ + ¢.8Mye, + My, + BMy"Y + B™y" (2.1-7)
JY = kX (2.1-8)
Yov = @-C"X (2.1-9)

We have altogethem3+ 1 number of equations. If we chosem, y" andy., as unknown
(endogenous) variables, the number of which is ats® 1, we would arrive at a well defined
model, which could be solved once the values of gaemeters and potential exogenous
variables (first of al, yg, &, ", y" andy™) are given. We could thus run comparative static
simulations to test the likely effect of their clgas on the endogenous variables.
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Eliminating the unknowns other thanwe reduce the set of equationsrncequations,
containing only the sectoral levels of output asaldes:

x = (A" + B"<r®><k> + ¢-8Moc")x + y" + My, + BY™ + 2,
the solution of which is

x = (I = A" = B"<r®><k> - ¢-8"c") 1y + My + BY™ + 2),
where the coefficient matrix

(A" + B"<r><k> + ¢-8"Moc")

is nothing but the coefficients of a partially @ddsinput-output table. The structural form given
by equations (2.1-6) - (2.1-9) is, however, a moaasparent presentation of the model, than
its reduced form.

The special advantage of the structural form is ithrmakes easy to redefine the model. We
may for example introduce further variables and fadither equations to the above core model.
For example, the definition of the balance of trade

de = p""u —p"z, (2.1-10)

wherep"™ andp"* are the exogenously given price indexes of impant exports. As long as
we consided, an endogenous variable this equation would begnseépilogue added to the
rest of the equations, sindgdoes not appear in them.

One can also define the demand for labour andalapit

lg =1x (2.1-11)

kg = kx (2.1-12)
or the level of total exports and imports

z=1z-t, (2.1-13)

m=ml. (2.1-14)

As long as we do not change the rest of the mdldelyalue of the new variabled:,(l4, K,
z, m) can be simply calculated after we have solveebaaly the model given by equations (2.1-
6) - (2.1-9), since none of the new variables appegathem. We can, nevertheless, revise the
model with respect to variables considered to l#pgenous or exogenous. We might want,
for example fix the value & interpreting it as capital constraint, at thetaufsfreeing some
variable that was exogenous so far (@.09r yy). We might want to fix the structure of exports
(z =z<) and make its level depend on the volume of ingrt m-r?).

All these changes would imply another model stmectand require another type of
solution. One more reason why one might preferctiral to reduced form. Consider, for
example, a variant of the model consisting of @a}-(2.1-7) - (2.1-9), (2.1-10a), where

x =AM +y"0+ My, + Ny + BYY + BYY + 2.8 (2.1-6a)
p""u - zp"° = de. (2.1-10a)
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In this variant of the model we handle foreign &ddxports and imports) in a similar way
as in the analysis based on an input-output motl&ype D2. One could define a variant
analogous with an input-output model of type D1thg set of equations (2.1-6b), (2.1-7) -
(2.1-9), (2.1-10a) and (2.1-14), in whickh becomes endogenous variable too, moving in
proportion to the level of imports and exports,viag thus their observed proportiog;d
unchanged.

x = A +y"0 + My, + Sy + BYY + BY™ + mr?, (2.1-6b)
Ste'M = e. (2.1-10Db)

The possibilities to form models for economic pgl@nalysis on the basis of statistical
input-output tables is wide enough, neverthelesasitained especially by the rigidity of the
linear forms. For example, they do not allow forking some of the coefficients dependent on
price changes. The price models based on the mptit tables are developed with no
reference to the volume side either. Let us tunv par attention to applied input-output price
models.

2.1.5. Applied input-output price models

Input-output tables can be compiled using two difie price concepts: at users’ prices
and/or at net (producers’) prices, expressing rateost net of indirect taxes/subsidies. Table
2.4 presented in the previous section was supptwséé compiled at net prices, that is, the
value of the domestic goods expressed in produpeices, and that of the imported goods in
their cost of purchase, not including import taiff his is why a separate row had to be added
to the table, which contained the sum of indireotes, subsidies and import tariffs. If we
started from a table compiled at users’ prices,sheuld try to separate, as accurately as
auxiliary data allow for, the various componentattimake up unit prices. This will be
discussed in more details later, in Chapter 5.

As pointed out earlier, the column sum identitidésthee first block of the input-output
tables, i.e. the equations

A"+ IAT + P+ P+ R+ + TV + T+ T =1

reflect the basic price accounting identity: pri¢esvenues) equal costs. In other words, they
define the base price levels of the domesticallydpced sectoral outputs. The summation
vectors () represent in the above equations indeed the jpase levels, all assumed to be
equal to 1, because the volume of the sectorautaigre measured with their values expressed
at base prices.

So, one can easily revise the above price accaumdientity by explicitly indicating the
price indexes that are hidden in them. Let us chice in the first step the domestic and import
price indexes of the sectoral outpytd = (p") andp™ = (™), which are equal ta in the base
case. Assuming that" contains import tariffs as well, one gets thedwaiing form:

P =p A"+ pTAT 17+ P4 O T+ T T, (2.1-15)

where the values ip” will be taken to be endogenous, whereas thogd' iand the rest of the
components exogenous variables in the price maddele that the domestic price of the
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imported sectoral commodities (elements of veptdris assumed to include the import tariffs
as well. This is why they do not appear explicitiequation (2.1-15).

With the model defined in this way we can evaluheelikely effect of expected changes in
the exogenously treated (tax and value added itearsbles on domestic sectoral price levels.
This is the basic idea lying behind the input-otifmice models. The above model is just their
simplest version. One can get more complex and toatpd models by introducing further
exogenous explanatory variables.

For example, the consumers’ price indpY €an be defined, based on data from Table 2.4
as follows

pe ="+ p"sM + 1. (2.1-16)

Observe, that in the base case, whr p™ = 1, the value ofx is also 1, and the above
equation coincides with that defining the colummasgdentity of private consumption. We can
use the consumers’ price indgx)(defined in this way to revaluate the wage levetase of
assumed changes in the price levels of the seatoramodities. If one introduces this price
index into equation (2.1-15), as an index varidhbg valorises wages in an endogenous way,
he will get the following set of equations:

p"=p"A"M +pTA™ + 18+ P+ pocV + TV + T+ TN (2.1-17)
Changing some elements pf, for example, and solving equations (2.1-16) ahd-(7)
for variablesp" andp., one can estimate the likely effect of expecteahges in import prices
on domestic sectoral price levels, assuming thatwhges and salaries will also increase in
proportion to the consumers’ price index. We palsee for a moment and show that the
reduced form of the above simple price model camldréved from a partially closed input-

output table, in which wages are expressed in t@fnpsivate consumption. Eliminating we
get

ph — ph(Ah + SChOCW) + pm(Am + Scm°CW) + .l.a+ Ca+ TC-CW + TW + CTI.'+ TX,
from which, after simple rearrangement, we canutate the value of vect@" as
ph ={pm(Am + Scm°CW) + .l.a+ Ca+ TC-CW + TW + CT[+.[X}( | — Ah _ SChOCW)_l.

The input-output coefficient matrix in the aboveuations, A" + sc¥) is nothing but the
coefficients gained from a partially closed inputmut table, in which wagesc) are
represented by consumption basket units, compas&i’ &, 7.).

A somewhat more complex version of this model cafidomulated by the following set of
eqguations:

p" =p"A" + p,PA™ + 12 + p°<c®> + pellc” + TV) + TF + T, (PM-1-1)
pe = p"s" + pp"™ + 7o, (PM-1-2)
p®=p"B" + p,p"B"™ + T, (PM-1-3)

P.=ps -1, (PM-1-4)
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In this model not only the wages but the surchamesvages are also valorised by the
consumer price index:[(c" + ), taking into account thead valoremnature. Also, we have
introduced the investment price indexpd) (o reflect the revaluation of the investment good
and thus the value of amortization. Finally, the@ax price indexp, has been introduced,
which can be interpreted as the cost index of msicly foreign currency via exports. If
domestic prices increase, will increase too, raising automatically the cottmports as well.

It acts thus as an endogenous exchange rate ihderdutralizes, in a sense, the impact of the
domestic price level on the position of the trad&bce.

MORE COMPLEX INPUTOUTPUT PRICE MODELS

The price models presented so far were using oalg dvailable from an I-O table, and they
were structural variants of some straightforwardtipliers, which could be composed on the
basis of partially closed input-output tables. ehesdels can be augmented and refined.

In more complex models, depending on the availgtoli auxiliary data and the purpose of
investigation, we can for example represent mdtedst, i.e. the total cost of the commodities
used in various sectors of production or areasnal tise in different ways. The options differ
from each other with respect to the treatment direct taxes/subsidies (which make the users’
prices different from the producers’ prices) angants.

a) Representing the users’ cost of commodity inputs

Consider first the issue of indirect taxes and glies. In the statistical input-output tables
expressed in base prices (like in Table 2.4) dmiyrtsum is presented in one raw, thus, we can
calculate and use only the average tax or subsiefficients ¢* 7, 1, 1', -1, &) paid or
received by the specific usetsn the statistical input-output tables expressedsers prices
the indirect taxes/subsidies are represented, amably from the base price, in the cost of
materials. In any case, one needs access to agetdatax table in order to define a model in
which indirect taxes/subsidies are representectatosal details. In order to keep the number
of parameters and/or variables of the model redgtismall, even if we have at our disposal an
estimated tax table, we would not represent spetai rate in each cell of use. Either we use
average tax rates calculated for given areas oémaatse (i.e., column wise) or the average
tax rates calculated for given type of sectoral cadity (i.e., row wise).

Another issue related to taxes and subsidies iqtiestion of valorisation. Most of the
indirect taxes are ad valoremtype. This means that they change in proportiahéovalue of
the material cost measured at base prices. Inktbeea(PM-1) price model, however, most of
the tax/subsidy coefficients remained nominal, vadorised. This is the inherent weakness of
the simple input-output price models, which careasily eliminated in the refined models. Let
us take the example of the investment price indéxéustrate the alternative ways in which
indirect taxes/subsidies can be represented irrigath (real rather than nominal) form. Using

3 In this subsection and only here we will notatiprs and7r” to distinguish from each other the tax coefficieakculated
from an input-output tabler), the averagad valoremtax rate in a given area of usg)(and the averagad valoremtax
rate imposed on some kind of sectoral commodiby (
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nominal (unvalorised) tax coefficients the defimitiof the investment price index takes the
following form:

pb — phBh + mem + TV.
If we know only the average tax coefficients, ithe vectort’, we can equivalently use
any of the two following forms to valorise the irgtit taxes:

A) p°=p"B"+p"™B™+p°<t’>, thatis, p°=Xi (p"D;" +p"B;"™) +pG', or
A) p°= ("B"+p™BM)<1 +1"">, thatis, p°= 1+ (p"B;" +pMb;™),
wherer”" = £'/(1+1"), that is, using matrix algebraic notatiat! = 1'<1 - 1¥>".
If we know the average tax ratas’), which are imposed on various sectoral commaxglitie
used for investment, we may assume that the sameypalies in each sector (i.e., in each cell

in a given raw of the investment matrix). In sucbage the definition of the investment price
indexes will be as follows:

B) p°=(@'<l+1">B" +p"<1+1">B"), thatis, p°=Xi (1+77"){p"B;"+ p";"),

It is often the case that one has access only fort-output table of type A and there is
no separate rectangular import table availablenkwesuch a case one may separate the use of
domestic and imported commodities, making a bofiiaption that their ratio is the same in
each area of use. Let= (s") ands™ = (s™) be the vectors of shares of domestic supply £)
and importsify) in total domestic supply of various sectoral goég—z + u), i.e.,

s"=(x-z)/(x-z+u) and s™ = ul(x -z + w).

With the above share coefficients one can hypathllyi split up the commodities used into
domestic and imported parts. For example, in tlse @d the production and investment input
coefficient matrixes, matrixe& andB can be split up as follows:

AP = <d'>A andA™ = <§"SA, B" = <d">B andB™ = <s">B,

and the missing re&", A™, B" andB™ coefficients can be approximated by their abowgyho
estimates.

This solution implies yet another possible defomtiof the investment price indexes, which
is based on formula B) and the above estimat& ahdB™:
C) p°=(@E"<1+1">B" +p"<1+1">B™) =p""<1 + 1">B,
where
p™"=p'<s™> +p"<s"™>, thatis,p"" = p'§" + p"E",

the vector of average price indexes of the domadstiproduced and imported cost. They are
weighted averages, as a matter of fact, where #ights are the share coefficiestsands™.
This solution rests on the assumption, as notetlegathat each user gets domestic and
imported commodities in the same composition, asthdy used a special composite
commodity.
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In the absence of an investment matrix, one maylyimse the average investment price
index, defined by the average sectoral composdfanvestments, for example, as
o= (P"" +p"bM(L + 1), or E"<1+T>b" + pM<1+TV>h™) or p""<1+1">D.

Mutatis mutandisthe same possibilities are open for representireg mhaterial cost of
production, which — depending on the availabilifydate — can be expressed by any of the
following forms:

(P"AM + pTA™ <1 + 773>, thatis,  (1#)E (p"E" +p™&",
E"<1+TS>A" + pT<1+T%>A™),  thatis, X (1+7)Ip"E;"+ pME™),
p'<1 + A, thatis, X (L+77)p"M&;,

where? = £ (Zi (p"&;" + p™&;™) and 7;% is the tax imposed on sectoral commoditsed
in production. Theausers’ price of commodityis usually taken to be the same across all uses
except in private consumption, where additionaétdsubsidies modify it.

b) Representing foreign trade prices

If sufficiently detailed foreign trade informatios available, one can define the indexes of
the imported sectoral commodities as

p™ =vp""<1 + U™, that is, p™ = (L +7{")NH"™,

wherev is the exchange rate," = (7{™) are the averagad valoremimport tariff rates across
sectors of origin.

Table 2.4 contained only the sums of the impoitféapaid by the different users?(, tem,
tgm --o; T Tem Igm--.)- If we have only these data, we can only catewda valoremrates of
import tariffs for the different users of the impedt commodities, 1(*", 7%m, 7%ym...). In such
a case we could define tp€ import prices as we assumed above. Instead dethep™A™,
for example, we would have to ug@""A"<1 + t"™> to represent the value of the imported
commodities used in the different sectors of préidngvip"™B™<1 + t"'™> in investment and
SO on.

One can define the domestic price indexes of eedactbmmodities in a way similar to the
case of imports. In case we know the subsidy @asmodity by commodity we can define

p® = V"<l + T, that is, p® = (1 +7{)NB",

wherep"® = (") is the vector of world market price indexes af #ectoral commodities, and
T'° = (779 that of thead valoremexport subsidy ratios.

Settingv = p" = pi® = 1 for the base, the corresponding values ofatbhed market price
indexes 6", pi"*®) can be calculated from their above definitions as

p™ = 1/(L+5"), p"=1(1+59).

From the above definitions it follows that the expprices, calculated from the model
assuming changes in the exogenous variables, maljffeeent from thep” = (o) domestic
prices, despite the fact that in principle theyudtidoe regarded homogenous goods. Therefore,
the unit value of the output, the price of the detiméexport composite, must be calculated as
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the weighted average of the prices achieved omvtbenarkets, where the weightg;d(se) are
the observed market shares:

p? = p"<s™> +p°<s®>, that is, p® = p"§° + p 8"

c) Representing the components of value added

One may also introduce further explanatory varigloi¢o the definition of théabour cost
and define it asv<I>, wherel = (];) is the vector of labour input coefficients, amds the unit
cost of labour defined as

w =wid"<1 +1'">, that is, wj = (1+7]")Ww(d;",

wherew is the average (general) wage lewel<( 1 in the base), the vectdf = (d,") contains
the average sectoral wage coefficients, wher€as (77") the wage tax rates.

The treatment ofet operating surplusleserves special attention. In theory, this shbeld
interpreted as net return on capital, which in Boguum is uniform across sectors. In practice,
however, the net returns on capital exhibit lastsegtoral variations. One could follow the
solution used by L. Johansen to overcome this prabh his pioneering CGE model. He used
a variable to indicate the general rate of netrretun capital ), yet he differentiated the rates
among sectors by multiplying it with their obserwdifferences in the base case, represented
here by vectod™. Adopting this solution one may redefine Walrasist of capital as indicated
by the following form:

q=p°<r®+ 7fd™, that is, g = p"{r;* + 72d"),
where the vector® = (1) contains the rates of amortization as before.

The price indexes ip° serve here for the revaluation of capital usethéndifferent sectors
(kj capital/output coefficients)o,-b = 1 and7ig"®& = 77 in the base. Once the capital/output
coefficients are known and the base valgg ¢f the general rate of net return is set (usually
1), the value of parametedS = (d,") can be uniquely determine®ne can assign the average
rate of return as base value tg too. The capital cost component in the price faron
equation will thus take the foropk> = pP<r? + 7fd™><k>.

d) An input-output price model based on Table 2.4

We will first list the equations of a price modehose parameters are calibrated only using
data in Table 2.4. We will assign a set of endogsnariables to each set of equations of the
model (on the left hand side), which makes it elasgheck the equality of the numbers of
variables and equations.

(w) w =wd"<1 +1""> (PM-I1I-1)
@  g=p°<r®+ ™ (PM-11-2)
() p°=pB"+vP"B"<L + 1> + p°<r’> (PM-11-3)
e p"= E"A" + vPMAT<] + T"™S)<L + 1'% +w<I> +g<k> + p'<T> (PM-11-4)

In this model the general wage leve) (the rate of net returr and the exchange raté (
are exogenous variables. We could, for examplenast with this model the likely effects of
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their change on the sectoral price levels. In thdinition it is implicitly assumed that
producers continue to receive the same priceshi@r products on both home and foreign
markets §° = p"). It is, therefore, implicitly also assumed, tlifatvorld market prices or the
exchange rates changed, the export subsidies vaaljlct. Their rates are thus endogenous
variables too, which can be determined by solviregfollowing set of equations fat®.

(%  p"=vpY<1+7® (PM-11-5)

This additional set of equations are separable flterabove ones, form an epilogue, since
the T'° variables play no role in the other equations. ©meld also add further equations, as
part of the epilogue. For example, we can calculaeaverage consumers’ price index in the
following way:

(P)  Pe=p"S" + V"SI + %) + pel, (PM-11-6)

where r; is the net tax/subsidy coefficient directly tak@arer from the input-output table, and

the general rate of import tariffs on consumpti@hjch can be calculated from the coefficient
I.m Of the same table. By means of the consumersé pnidex, we can determine the general
real wage indexd) as

(@) w=W/pc. (PM-II-7)

In a similar way, we can calculate the price indéxhe exported goods by the following
form:

(P)  P=p"S +pLE (PM-11-8)

which is the average cost of earning one unit aéifgm exchange. This could be used to define
a real exchange rate)(as follows:

(v) U =VIp,. (PM-I1-9)

We introducedt’®, pe, p,, wand v as endogenous variables therefore the equatioichwh
define them form part of the epilogue. We couldwbweer, redefine the role of the real wage
rate or the real exchange rate, turning them iRtyenous variables instead of their nominal
counterpartsyw andv. That would, of course, take their equations duhe epilogue, and place
them into the simultaneous set of core equatiorssaAesult, we would get a variant of the
model (PM-I1).

This change would affect profoundly the model, lbsea— as one can check easily — the
resulting model will be homogenous of degree zeith wespect to prices and other nominal
cost and value items. Thus, their general levaindetermined, in other words, can be set
freely, for example, by choosing= 1. But this means that the number of the vaemid less
by one than the number of equations. As a reddt,profit rate {§ (or some other formerly
exogenous parameter) can no longer remain exogesmoiable either, it must be freed.

By the technique of substitution and eliminatiorearan reduce the model we got after
these changes to a set of equations of the follgp¥am:

p" =p"S(w 7z v),
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where matrixS represents the parameters of the reduced fornchwdepend on the values of

w, rrandvu. Because, as one can see, this form is also harmoagen terms of the prices, we

can choose freely only two of the above three W& This phenomenon will reappear in the
CGE models as well.

d) The input-output pricing block of a typical CGibdel

Below we present an input-output price model tbatk a part of a typical CGE model as
well. The only new symbol in this modelt$s, the vector of the commodity specific excise tax
rates imposed on every user, except private consymewhich case the tax rates are different
('), due to special consumption tax/subsidy provisiamcluding VAT.

O™  p"=vp m<l+T™s (PM-111-1)
(P9 p=vp<l+T> (PM-111-2)
(e p*=p <> +p<s> (PM-11I-3)
(w) w =w@d"<1 + "> (PM-I11-4)
@  g=p°<r®+ ™ (PM-111-5)
©)  p°=p"™<1+TU>B (PM-111-6)
P pP=p"M<l+TUA +w<l> +g<k> + pir*> (PM-I11-7)
e  p"=p<d> +pTl<g"> (PM-111-8)
P  pt=p"M<l+15<, (PM-111-9)
0)  pe=p°s, (PM-I11-10)

To end this section we list the equations of tts¢ taodel in scalar form as well, for later
reference, to ease for the reader the comparisdaheske equations with the price formation
equations typically present in the programming @&E models.

(™) p" = (L) N

(P p© = (1+75%) ™

(p%) p’=p"§" +ps°

() wj = (1+77")ivig"

(@) o = Pl + 7id)

®") p° = Zi (1+77) [Py

@) Pt (PR +wi + gl + i =
(L) (1) Py +wil) +qK)

@™  p"=p'E"+p"E"

®) P’ = @)™

(o) pe = X p°S°
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2.2.Multisectoral resource allocation models: optimumversus equilibrium

In this section we will briefly review the once dmrant linear programming approach
applied to planning and policy analysis. Our ainpastly to remind the reader of the main
concepts and methods of the programming approacappked to macroeconomic policy
analysis. More importantly, we want to call attentito the fundamental methodological
connections that link together the applied macroendc linear or nonlinear programming
models, on the one hand and the general equilibmgdels, on the other. Presenting a series
of multisectoral models, starting with simple lineaodels, we will gradually shift to their
nonlinear versions just in order to arrive at tlo@mputable general equilibrium version.

One of the lessons that should be learned form ekescise is to dismiss the claim or
criticism that the computable general equilibriura applicable only to completely or almost
completely perfect market economies. They are austspecial nonlinear macroeconomic
resource allocation models that borrow adjustmestthranisms from microeconomic theory on
practical grounds.

Most of the symbols that will be used have alrelaglgn introduced previously, and we will
not repeat their definitions, which will make ourepentation easier. In order to make the
models more readily understandable and comparahbias models presented before, we will
present some of the models in scalar as well asxyagebraic form.

2.2.1. Linear optimal resource allocation models for ecomo policy analysis

Let us start with a rather simple model that iseldagn input-output technology (Leontief)
and in which the structure of final demars) s assumed to be fixed (Kantorovich). So it
could be named a Leontief-Kantorovich model. Thabl@m is to find an optimal allocation of
resources that provides the highest leygldf final consumption at given level of primary
resources. First we take the example of a closedagy with no foreign trade and having
only two primary resources, labour and capital.

We will use the following convention to represené fprimal P) and the corresponding
dual @©) problem:

(LP-2.2-1) P) (D)
xz20,y20 p=0,w,q=0
(p) AX +yE <X p < pA +will+qR (X)
(w) X < Lo 1<ps )
@ kx £ Ko
y —» max! will, + qKo - min!

With scalar algebraic notation:
(LP-2.2-1a) P) (D)

%, y20 P, W, q,v=0
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(P) 2j 3% +y-8' £ P < 2 pieay + Wl + ok ()
(w) 2 li-x s Lo 122ipi-s” v)
(@) 2 k% = Ko

y - max! w-Lo +q-Kg - min!

On the left and the right margins we have indicdatedlcomplementary variables assigned
to the constraints. Just to remind the reader,han aptimal solution the complementary
slackness conditions must be satisfied, and thenaptvalues of the dual variables can be
interpreted as shadowy prices of the respective goods, whose balance requirensent
represented by the given constraint.

Under normal assumptions (producti®e ', |, k, Lo and Ko positive) unique optimal
solution will exist, and
X, p°>0, >0, xX°=yM -A)', p°= WD+ k) (I -A) and p’sy=1
It can be easily seen that this is nothing butgéeeral equilibriumof the given Leontief—
Kantorovich economy. The numeraire, setting theegpigvel, iss’, the unit consumption basket
(p°Y = 1). The equality if the optimal values of thgeatiive functions
y =yp’ =w’Lo +¢*Ko

ensures the fulfilment of Walras’s law, that ise thalue of final demand will be equal to the
value of the primary resources. In fact, it a splecase of Koopmans—Kantorovich model
presented in the previous chapter, we will theefeave its further analysis for the reader.

Figure 2.1
The optimal solution of the LP problem 2.2-1 in tiase of two goods

Tz

xo =yl - A)'c’

k(i -Ay= p'y =Ko
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From the perspective of the input-output moded$,and p° are the solutions of the
following sets of input-output equations:

x=Ax +yl& andp =pA +wll+ gk

They are, however, different from Leontief's originmodel in that both final demand and
the prices of primary resources (value added) axe endogenous variables, whereas their
values were exogenously given in Leontief's modal.a matter of fact, as a rule, only one
price of the primary resources will assume positiskie (see Figure 2.1, where we assumed
that only the capital constraint is binding).

Let us now introduce the foreign trade possibditieto our model. As will be seen it alters
gualitatively the solutions, and we bump into thielgem of over-specialization, which is a
typical phenomenon of the linear resource allocatmdels.

(LP-2.2-2) P (D)
x,mz=20,y=0 p=20,w,q,v=20
() AX +y[#+z<x+m p < pA +wl+ gk (x)
(W) Ix < Lo psvp™ (m)
@ kx < Ko p=vip™ 2
(v) p""m - p“z<d. ps'=1 V)
y - max! WL, + qKg + vide — min!

where notations- max! and- min! indicate the maximand or minimand objectiuadtions.

Using scalar algebraic notation we rewrite the f@ois as follows:

(LP-2.2-2a) P) (D)
X, m,z,yz0 P, W, q,v20
(P)  Zjayx+ys’ +zsx+m < 2 piray + Wl + gk (%)
(W) 2 li-x = Lo pi s v-p (m)
(@ 2 ki £ Ko v-psp (2)
(v) 2i (0" m - p"*2z) < de 12 prs’ v)
y - max! w-Lo + q-Ko + v-de —» min!

We assume that 0 g"° £ pi"’®. Under normal condition we may expect that indpé&mal
solution all primal constraints will be binding. @lrommodity prices will be all positive, and
as can be seen from the dual conditions they wdlime values somewhere between the world
market export and import prices, in line with theedries on small open economies. The
shadow price of the foreign trade constraiftcan be interpreted as the optimal rate of foreign
exchange. The equality of the optimal values ofabjective functions

y=yp°s =wl-Lg + %Ko + V°-de
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ensures the fulfilment of Walras’s law in this cése. In fact, this solution is similar to the one
we have seen in the analysis done with the inptgedwf type D1, where the foreign trade
deficit (de > 0) or surplusde < 0) increased or decreased the level of domesipenditure
also.

The opportunity to trade makes it thus possibletfier economy to exhaust both primary
resources. It introduces, on the other hand, gssipility to specialize. As a matter of fact, it
can be shown, that in the case of unique optimlatkisa at most to sectors will have positive
output. Figure 2.2 illustrates the optimal solutinrthe case of two sectors, assuming 4t

- pwe - pW
Figure 2.2
The optimal solution of the LP problem 2.2-2 in tiase of two goods

T

p"y =p"(1 = A)x°

yel@d’ =y +mo—z0

2.2.2. Ad hoc bounds in linear models to constrain overgzation

In the applied linear programming models desigragdpblicy analysis this possibility of
overspecialization was a bothering fact (it chajlesh the relevance of the models) and
therefore the modellers tried to avoid by introthgcupper and/or lower bounds on some key
variables. We will illustrate this technique ansl donsequences in our model by introducing
upper and lower bounds on the volume of exports

Z<z<7' thatis,z' <z<z",
and on the ratios of import/domestic supply:

rMex™ < m < rM<x™, that is, ri™x" < m < r™x",
wherex" = x, — z as before, and™ = m/x".

As a result we get the following, slightly modifigdrsion of the previous LP problem.
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(LP-2.2-3a) P) ©)
th, X, M, z,y20 i pjh, pihm, W, GV, i g™ el peus g

(P X" +7 <X p"< T p"May + W) + ok (%)
(™ Tjax +ys'sxem 1<% p™s’ v)
(W) i l;-x < Lo p"m ™™ - g™ < p” ")
@ SkxsKe | B < Vo™ + g™ ™ (m)
V) % (p"™m - pez) s do v-pe -+ 5% < pf (2)
(7™ ™" < m

(&™) m < ™"

(5% z'<z

(%) z<z"

y - max! i W-Lo + Ko + Vv-de + 72" — 7%-z' — min!

What becomes apparent at the first glance thagtisea price for keeping all output, export
and import levels all positive, not falling too falom their observable levels (for the sake of
simplicity we assumed that all the sectoral comiiesliwere traded in the base). The dual
problem became much less transparent and it iookasus how one can interpret its optimal
solution. Since all the primal variables are pwgsitithe dual constraints will be fulfilled in the
form of equations. The first two sets

p"=ZipMMay +wlj + gk
Zip"MmsY =1

are basically the same as before, except for tketion. The first primal constraint belongs to
the domestic output, the second to domestic (coitg)asupply. This is why we assigned to
them the dual variablemh andp™™, in line with notation introduced in the previcsection.

The meaning of the

mu__ _ml

pihm — pih _ Timu_rimu + Timl_riml =V_piwm +7 I

equations can be deciphered on the basis of tleioly economic reasoning.

Observe that the formulation of the problem implycassumes, that domestic outputs and
imports are perfect substitutes, therefore, theseg should be equal in perfect equilibrium.
And in fact, both should be sold at prigg¥". However, the purchasing price of the imports is
v-pi"™ whereas the producers’ price of domestic outppt’j and they will be different, as a
rule. The shadow prices assigned to the individwalstraints, confining their ratios into the
given range, generate such taxes/subsidies thatizguhem. If the lower limit is binding,



-67 -

which indicates that the import is more expenshantthe domestic production, thafl' will
be positive and it will lower the domestic salegc@rof the import and increase that of the
domestic output in order to equalize them.

It can be shown that in eﬂ“epﬁ.hm will be equal to the weighted average of the conemd
prices,
pihm — pih@h +V_piwm@‘_m,

just the way as we defined the price of the doroéstport composite it in the previous
section. Observe, however, that here the priceseqralized at the same time, and the
taxes/subsidies serve for this purpose. In theipusvsection we did not assume that, we just
calculated the average price. Thus, according eoldbic of the model these taxes/subsidies
just redistribute income among the users of thenodity, so it will not affect the total
available net income, which is given by the objeztiunction of the dual problem as before.

The equality of the optimal values of the two okjex functions ensures the fulfilment of
Walras’s law in this case too:

y=yp°s =wl-Lo+¢*Ko +V-de + 72" - 72,

As we can see, these taxes/subsidies do not ajppier net income, unlike those related to
the regulations of the export prices, which folloaglifferent logic. Since the prices of the
domestic products is determined by their cost, &xerthe producers sell on both the domestic
and the foreign market, the export price have tonaele equal to the former. This is exactly
the meaning of the dual equation

I — ~h
V_piwe_ Z_ieu+ Z_ie =p".

The producers sell their products at pripeswhereas the foreign buyers pap“®. The
price differences (taxes/subsidies) can be intégdrénere as income transfers between the
domestic tax authority and the foreign buyers, Wimodify the level of domestic income.

We can illustrate the logic followed in the casenoport constraint on Figure 2.3.

Figure 2.3
The logic and working of the import constraintghe LP problem 2.2-3

demand 'curve’

mo |

ml L

I pp"
the level of use value the graph of the demand implied

L
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The above graph should be all familiar from themseconomics textbooks, except for the
use of piece-wise linear rather than smooth indBfiee and demand curves. The algebraic
representation of the problem illustrated on tregbs is the following

minp™x"+p™m, st ox"+m=x" r"x"sm<r™x"

andx™® m° andr® on the graph represent the observed (base, naiptireal!) values of the
variables. Note also, that", p™ andx™™ are considered here to be parameters, unlikeein th
model itself.

The original indifference curves were linear, ineliwith the implicit assumption that the
domestically produced and the imported goods aréegesubstitutes. What the individual
bounds do is they turn this relationship into l#smn perfect substitutability. In a rather rigid
manner: they are perfect substitutes between thengbounds, and perfect complements
beyond them.

Consider also the case, when domestic outputs mpdris are assumed to be perfect
complements, that is, their ratio is fixeg™ = m/x". In the above linear model this would
mean thatr;™ = r;™ = r;™°. Modifying the problem accordingly, we would oriiave one
equality condition,

m%" =m

instead of the pair of inequality constraints,

riml h

x"'<m, and m < ™",

and the sign of the dual variable assigned tozlt) (would be undetermined, and the
corresponding dual constraints would take the valhg forms:

im0§ pih (X|h)
pihmgv_piwm + Tim (m)

The optimality conditions would, thus, only slightthange. What we wanted to illustrate,
as a matter of fact, was that letting the rationgfort/domestic supplyr{") move within some
bounds could also be interpreted as relaxing adoamsumption of perfect complementarity.

pihmi Z_im_r

2.2.3. Flexible versus rigid individual bounds: nonlinegpproach

One may rightly ask, would it be a better solutionntroduce imperfect substitutability by
a smooth relationship, as it is usually assumenhicroeconomics. The corresponding graph,
the equivalent of Figure 2.3 is illustrated on Fegd.4.

The introduction of smooth substitution possibilityould have the same effect as the
individual bounds, and in a flexible way. The large the difference between their shadow
prices, the further the ratio of the two components depart from their observed valu (
Unlike in the case of the rigid bounds, where mps to the lower or to the upper bound,
whenever they are different. So it makes sensgperament with such smooth curves.

All we have to do is to replace the constraints

% ayx +y-s’ <x"+m
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™" s m

m < ™"
by the following one:

3 - +y-s' < x"M", my),
wherexihm(xih, m) is an appropriately chosen smooth function tlearesents the substitution
possibility assumed to exist between the two gotalen to be less then perfect substitutes.

And we will soon see, exactly this is what we ddha applied models of general equilibrium
as well.

Figure 2.4
The logic and working of the flexible bounds

the shadow demand ’curve’

mO

Xh 1 pm/Ph

the level of use valueye’ the graph of the demand implied

The shadow demand curve expresses the ratio afsiiecomponentsr{’) as a function
their price ratio "/p"): r™ =r™(p", p™). The elasticity of this function,

_od@u/x™y | ou/x™  din(u/x")

~d(pph) TP din(pM/p")
the direct (or Allen) elasticity of substitution dfe x"™(x", m) function, which determines
(together with the cost shares) the own and crase plasticity of demand. In applied models
imperfect substitutability is most often represdnty CES (constant elasticity of substitution)
functions, the parameters of which are easy tomes#, once we set the elasticity of
substitution. The size of the elasticity is usualpsen on the bases of somevdthhocexpert
judgment. But as long we want to use such functtongenerate flexible bounds in applied
resource allocation models, tla@l hoc choice of the elasticity parameters is perhapé sti
superior to thead hocchoice of rigid lower and upper bounds on cernt@nables.

If we carry out this replacement, the so far lineexdel of optimal resource allocation will
become nonlinear. But this would not matter nowadagince we have rather powerful
algorithms and software that could solve a nonlin@@gramming model, as long as the
nonlinear functions used in the model are well-bedaSo let us do that, and only in the case
of the domestic/import supply, but in other partdhee model too. In the case of the ratio of
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domestic sales and exports® (= 4/)(,-“) we can also use flexible bounds by means of phppe
choserx(x", z) transformation functions.

We could and will go on and extend further the gcop using similar smooth functions
elsewhere in the model too, for example, in theeaddabour and capital, the composition of
the personal consumption. But before we do thatywlldllustrate with help of the yet simple
enough model, how the conditions of optimality wi# modified as a result of changing its
specification. The table bellow contains the nagdinversion of the LP-2.2-3a model, where in
the place of the dual conditions we put the firelen necessary conditions of maximum
derived by means of the Lagrange (or Kuhn—Tuckeshad. Since we assume the observed
values of all variables were and remain positivehaoptimal solution (including the Lagrange
multipliers), we may represent the conditions asaéities (in general, we should use in
equalities and complementary slackness conditisrnis the case of the LP problem).

NLP-2.2-1 P) (KTD)
X", %, M, 3,y20, p? p"™ W, g, v 0,
®°) X", Z) =X, P2 =2 p"" ey +wel; + gk, (%)
hm
@™ Fagx+ys’=x"(x", m), prm. X g 0% (x")
0% 0x
hm
(W) 2 I = Lo, P % =v-p"™ (m)
om
(q) Zj ijj =Ko, V- pjwe: pja.% , (Z|)
Z;
V) 2 (P -m - pi"®-z) = de, 1=3p".g. v)
y - max!

The optimality conditions that appearing in thehtigolumn of the table can be derived
from the differentiation of the following Lagrangidunction:

L=y~ p2{x(" 2) - %} - Z p"™{Z a5 +y-s¥ - x"(x" m)} -
-w-{Zj % - Lo} —a-{Z k% - Ko} —v{Z ("™ m - p"*z) - de}.

We have changed the notation of the dual varighke l(agrange multiplier) assigned to the
first constraint, because here the output is alsonaposite good, and its shadow price will be
interpreted as its equilibrium cost-price, as itl Wecome clear later. In order to be able to
decipher the meaning of the dual prices and canstrave introduce a few auxiliary symbols
(p", p™ andp®) by means of the following definitions (the secamd the third elements of the
equations are taken from the optimality conditions)
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h axihm B a)g B o h axihm B B

m a)gh — pia_ a)gh , I:)im — V_piwm =p m_W , pie — V_piwe =p? aZi .
The names given suggest already in advance theitded meaning. We will show that,

pi™ andp;® can indeed be interpreted as the equilibrium pofche domestically produced and

sold, imported and exported product variety of$hme sectoral origin, which are assumed to

be imperfect substitutes.

a 0%

p"=p

One can easily show that the dual conditions agestme as the ones which characterize
the optimal solutions of the following constrainemst minimization and revenue maximization
problems:

minp"x" +p™m, s.t.x" =x""(x", m),

maxp-x° + Pz s.t.x =x(x", 2),
where the variables as’, m andp"™ Lagrange multiplier in the first problem, alsqd z and
p® Lagrange multiplier in the second problem. (Nefticat in the programming model both the
domestic demand fox() and the supply of home produced commoditie$ ére denoted by
the same variablel!), whereby we implicitly assume the fulfilment bt = x® equilibrium

condition. We will switch to this notation in thellowing discussion as well.) Let us show it
for the first case, where the Lagrangian functiahkes the following form:

L™ my, g™ = px™ + g™ m = p™ {6, my) =™

hm
oL/ox" pi“"‘-a‘h =p"

0

hm
oL/om: p™ o =p",

om

where in case of linearly homogeneo¥" function, that we assume, by force of Euler's
theorem we have

a 'hm a ‘hm
th'(;—xih X"+ a):ﬂ -m) = pihm'xihm = pih'xih +pi"m,

from which we get
phm — pih'Sh + I:)im_sm'
Thus, as in the case of the linear programmingteoluthe optimal the shadow, that is the
equilibrium cost-price of the domestic/import corspe commodity will be the weighted

averages of component prices, whafeands™ are functions of the prices, homogenous of
degree zero:

s"(p", p™ and s™@", p™.

However, unlike in the linear case, the valuesibinds™ are no longer constants, and
they are not simply shares in a linear compositi®imce, in this case, the amount of the
composite commodity is not the algebraic sum, tbeponents, the domestig'j and the
import (m) supply, but their nonlinear aggregate™ = x"™(x", m), wherex™™ measures the
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joint use value of the two components. The valifes'@nds™ are the cost minimizing levels
of the components making up at least one unit udeev In the jargon of competitive
equilibrium, they could be interpreted dsmand functions” + s™ > 1, as a rule, except for
the base equilibrium at unit level prices, whgh+ s™ = 1, as the share coefficients in the
linear case

Following the same line of argument we can showtthafirst order conditions in the case
of the constrained revenue maximization problemtaegollowing:
a 0X;

aLiox™  p v o
j

L/om: p*—L-=p®

9, |

o, z) =p" % =p"x%" +pz,

oX.
a (% yhg
Qa — pjh'ﬁd + pje_ﬁe'
as before, Whersgd ands® are again functions of the prices, homogenousgfek zero:

s'(p", p) and %P, P,
which can be interpreted as supply functions afra in a perfectly competitive market.

Next, note that there are three unknowns in botimepation problems and same number
equations representing the first order necessamglitons of the optimal solutions. If the
chosen functions are well-behaved and simple, weesalicitly solve analytically the model
before any calculation, and express the valueketihknown variables (e.gq", m andp™)
as functions of the variables (ef!, pi™ andx™™) assumed to be known and the parameters of
the substitution functions. Thus, if we wish, we akerive the closed analytical forms of the
following solution functions:

x"=x"(" p™ %", m=m(", p", x" andp"™ = p""(p", p", x"),
the first two of which are derived demand functiahe third a price index aggregator.

We can in fact arrive at the optimal values of theables in various ways. Because of the
assumed first order homogeneity of the substitufgmgregation) functions, the optimal ratios,
such as" = x"%™™ m = m/x"™ andr,"™ = m/x" = s™/s", in the first case, depend only on the
price ratios, and not on the level Q™. This also means that we can replace the firsérord
optimality conditions with equivalent alternativerins, which may be more familiar for the
user or the reader. For example, the followingdhsets of the dual equations,

hm 0% _ 4 0%, a 0X,

_ | h a)ghm B _
' Max P m'm =vp™, vptEp 3

upon introducing the three sets of new variahdds p™ and pi®, could be equivalently
represented by the following six sets of equations:
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p" =v-p™,  p"=p"s"E" g™ +p™s"En ™, m=n"E" ™)X,

pe=v-p"e, p*=p"s"m" B9 + o5 B, 7 =r%m" p)x",

wherer;"™(@", p™ = s"(E", p™)/s" (", p™), and thes" ands™ demand functions are derived
from solving parametrically the following cost nmmization problem:

minp™s" +p™s", s.t.x"(s" s =1,
andr;®(p", p = s%E", p/s°(E", P9, and thes® ands® supply functions are derived from
solving the following revenue maximization problem:

maxp™§° +p°*s° s.t. (5% 5% = L.
Such a formulation of the dual condition of theimyatl solution would be more familiar for

a former student of economics than the originalsofiéthey are also closer to the forms input-
output models.

Let us now make some steps forward and make ube giossibility provided by the use of
nonlinear functional forms in our resource allooatmodel. Let us first of all separate, as we
did in the case of the applied input-output modils,main components of final use,

Yi = V& +0iryg + 2 by 'ij +c?,
wherec” denotes the fixed (‘committed’) part, and the sedtlevels of gross investmen;q;bI
are defined as before:

yjb — rja_ Kj + ijn-

Since our model is nonlinear, we have to insistior@er on using fixed coefficients in
describing the commodity composition of personahstonption. We may allow for some
degree of substitutability by introducing the feling,

Yev = Wo(¥1™, Y2 oY) = Yer V(€1 €275l sCn).
linear homogenous utility (welfare) function to elehine variable consumptigrf', where the
variabless® take the place of the unit coefficients and thascmnption level, sincg® =
You'S©.
At pricesp™ and expenditure levelv the constrained utility maximum problem and the
optimality conditions take the following forms:

maXyV(ylcvl yzcvy e ,yncv), S-t. Z| pihm'inV = eV'

d
-

Yoy =R

wherep,, is the Lagrange multiplier. We expect and will seese latter conditions to appear
among the dual constraints of the optimality caods.

Production technology will be represented by Jokartgpe production functions, which
were introduced in the previous chapter. We wilisttallow for substitution between labour
and capital, by using smooth, well-behaved produactunctions given in the forms of
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% =fi(L, K)).
At factor pricesw; andg; the optimality conditions of cost minimum are aldws:
G s =W
oL,
G % =G
j

wherecj’s are the Lagrange multipliers (the unit cost leé tomposite labour-capital input).
They will also appear among the necessary conditidrthe optimal macroeconomic resource
allocation.

As long as function$ are homogeneous of degree one and well-behavede asually
assume, one can derive the identities

G o, L+ o, K; = - =w-L; +qg-K;, thatis
L g K = 6 =il + oK,

oL, oK,

G =wp-l +q-k;

wherel; = Lj/x, k = Kj/x, and their values can be determined by the foligwinit factor
demand functions:

li = 1j(wi, ) andk; = ki(w;, ).

What concerns the flexible bounds one can usedrc#ise of exports, we have in fact two
possibilities. One of them is thgx, z) transformation functions, used in the previousieip
which put limits on the movement of the export wvokifrom the supply side. Instead of or
together with it, we can also use smooth exportadehfunctions, which can also effectively
constrain their levels. We will introduce them e tform of indirect demand functions,%(z),
which define their external market price in theefgn trade balance. As a result we will end up

with the following model and its optimality conditis. We will discuss later the potential side
effects of this solution.

As a result of introducing the suggested changes aur optimal resource allocation
model, we will arrive at the following nonlinear ggramming model and optimality
conditions. Note, thay, andy;"" are treated as exogenous variables in this versicie
model. In the column on the left we find the reseuallocation constraintsri4+ 4 numbers of
equations in terms ofr8+ 1 number of variables) and the assigned Lagramgjépliers. On
the right, we have listed the Lagrange (or Kuhn-Keugfirst order necessary conditions of the
optimal solution (& + 1 number of equations in terms of 4 4 numbers of variables). We
have attached to each of them the primal variabt®raing to which we differentiated the
Lagrangian function in order to derive them. Thi&altemumber of unknowns and equations in
the Lagrange (Kuhn—Tucker) conditions of the optismdution are thus 1P+ 5, arranged into
17 blocks.
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NLP-2.2-2 P) (KTD)

X", %, v vi°, m, z, L, Kj, Yeu 2 0 p% P, G, W, O, V, Pev 2 0

I
|
|

®) x04"2) =X | p*=3ip™a +g %)
| h

v . ox™ )4

(p"™) Zj @y +y™ +GYo + 2y byry + 60 =x"x", m) | p™ a);h =p?- a::h ")
|

") K +y"=yP i p° =% p"™ by B
! hm

(W) Zj Lj =Llg ! pihm_?;ﬂ_r'n =V_piwm (m)
|
1 a Yve

©  TK=Ko | ve(p+ _6'2 e @)
|
! of.

@ x5 =il K) | q-i =w (%))
I j
| of

v % (p"™m - pz)-z) = de | c K SRR (K))
1 j

CV , CV c | ay h c
(Pev) Yoo = YoOn™, y2™, o 0™ i pCV-VCVV =pMm (!
Yev — max! | 1= Pev (ycv)

As before, it will be useful to introduce some diaxy variables, which make it easier to
interpret the solution. Thus, we may introduce aghe symbolg", p™ andp® with slightly
different definitions as above (the second andthine members of the equations are again
implied by the second, fourth and fifth optimalatgnditions):

hm hm
. %);h = pia'g—))}, p" = v-p" = pihm-%
In addition to these, we introduce atgpl; andk; as

G =P+ i =Lil%, k=Ki/x.

Their meaning is suggested by the chosen notafibay are in fact the shadow prices of
the capital goods in the different sectors. Thdfedifrom each other only to the extent the
amortization ratesf) and the prices of the composite sectoral capialls p,-b) are different.
The above definition of the cost of capital is stlg different from Walras’s, which would be

G =+ 7m)-p.

The reason behind this difference is that in thpitah constraint we treat capital as a

homogeneous factor, which takes up a uniform nedeWw rate of returnp. Unlike its

9" Y- a 9%
o z) =p .

’ pie: V- (piwe + az|

pih =pi



-76 -

counterpart in Walras’s definition, the uniformeaif return is defined here in relation to the
physical volume of capitakK{) used and not on its valupjb(K,-). In Walras’s definition this
latter is assumed to be uniform in competitive Bioum, whereas here they are different, as a
rule, sincerr = ap°.

What explains this strange logic is the somewhatredictory treatment of capital goods
in the above model. In the capital constrain cépstaconsidered to be freely mobile across
sectors, which would imply uniform compositidm)( price ¢, =2; p"™-b;) and a uniform rate
of return {p on the physical volume arm= g/p, on the value of capital used).

We could dissolve this contradiction in two wayheTfirst possibility is to enforce fully
the assumption that capital is a homogeneous gonddevise the definition accordingly, that
is, replace the;/,-b variables with a singlg’ scalar, and the sectorally different investment
coefficients withby’s, as suggested above. The other possibility isrdat capital as sector
specific goods in all its appearance, thus, replhee single capital constrain with sector
specific constraintsk; = Kjo. As a result of this solution the net return boththe physical
volume (g) and the value of the capita) would be different in the various sectors in gahe
This latter differentiation would, however, violatee requirement of competitive equilibrium.
Neither treatment provides, thus, a fully satisfagtsolution. The root of this dilemma lies
basically in the problem of macro-closure, discdssarlier.

Another questionable feature of the above modéheésderived definition of the shadow
price of exports:

pe=v-(p" + aa% z) = (1 + Lie)v-p™

whereg is the price elasticity of export demand. Sincdarmormal conditions the sign of the
latter is negative, the term & /can be interpreted as a tax rate applied on insa@aened via
exports. This solution is well known in internatebrirade theory and they are callegtimal
tariffs. The theory calls attention to the possibilitytthiae introduction of such tariffs could
make price-taking producers behave collectivelg asonopoly. Nevertheless, it would not be
reasonable to use such an assumption in a macmm®oresource allocation model.

2.2.4. Conclusions: towards the computable general equilih models

By means of introducing auxiliary variables and Ineanatically equivalent alternative
forms, the conditions of optimal resource allocatican be rearranged into an alternative
specification. We have chosen such an alternateteot equations, which will be easy to
compare with the input-output volume and price ned&heir comparison reveals the real
nature of not only the optimal resource allocatioondel chosen, but also of the typical
computable equilibrium models, the structure amduhderlying logic of which is basically the
same. The system will consist of 28 5 unknowns and equal number of equations. The
variables and parameters of the derived equatisiesycan be classified in the following way:

Endogenous variables: real (volumes) x"", x", z, m, (5n)

(20n+5) real (structuraly”, s™, s% s° p"® I;, ki, 5%, Yew (8n+1)

nominal (valuep”, p2 p™, p& p"™, B G W, O, V, Pov. (Tn+4)
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Potential (endogenous or exogenous) varialybeyb”, c’, "™, Lo, Ko andde.
Parametersy;, by, ri%, g and the parameters of the various functions.

We will group the conditions characterizing theioyt solution of the problem NLP-2.2-2
similarly into three categories:

A) balances and definitions of volume categongs{"™, x", z, m),
B) balances and definitions of price categorigs p pi™, pi%, p™ P, G, Pevs W, 0, V),
C) definitions of structural parametes8 s™, s s pi*® I;, ki, 5.

A) BALANCES AND DEFINITIONS OF THE VOLUME CATEGOR(ES + 3):

We can further divide this category into two sulugp®. (On the left hand side we will assign
list numbers to the equation blocks, whereas, enight hand side, endogenous variables, that
will make it easier to count the number of unknowand equations, and check the regularity of
the equation system.)

Al) Sectoral commodity balances and their compangny:

(P1) X" =3 (g +byrK) X +S™Yeu + Gy + 2 byy +6’ (6™

(P2) X =%(x", 2) (%)
(P3) "™ =x"M(x", my) (x")
P4 z=x"5% 3)
(P5) m =x"s"/s" (m)

This subgroup defines an extended input-outputnaelunodel, in which both imports and
exports are treated as endogenous variables bggsétem proportional to domestic supply.
We have discussed earlier an almost identical fimegsion of this model, in which we hago=
x,-h +Z andx™ = x" + m (it was different from this one only in the waypexts were made
endogenous variables).

In a conventional linear input-output volume modaly x, x"", x", z andm would be
considered endogenous variablgs, would be, thus, in addition tgg, y,-bn and ¢ also
exogenous variable, wheresls s™, 5%, s° ands® constant parameters, in additiorefobj, r;®
and g.. In such a setup, the equation system, which stm&f the same numbernj5of
unknowns and equations, is a well determined mawdel. Under normal conditions would
expect it to have a unique solution, thus, theemkmfx,-h, z andm would also be determined in
it. Consequently, the value of the expressionshenrtght hand side of following balance
equations (labour, capital and foreign currency aea) would be also determined by them:

A2) Balances of the primary resources (3):
(P6) 2 % = Lo (W, Lo)
(P7) 2 k% =Ko (0, Ko)
P8 % (p"™m-p"z) =de (v, do)
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wherep"?, |j,

ki would also be constant parameters in a convertiopat-output model.

The natural closure of the extended input-outpstesy, defined by the parameters and
unknowns, and equations (P1) — (P8), would bedatét o, Ko andde as endogenous demand
variables (this is why we have also assigned tlhes@bles to the equations). The extended
input-output model with such a closure would balfidemand driven. We have discussed the
closure possibilities of such a model in connectioth the applied linear input-output volume
models. We have pointed out that one can not expatthe above equation system, in which
two or more of the supply constraints would bedixeould have a sensible solution.

We could choose, in general, only one out §fKo andd. as exogenous supply variable
and turn, in exchange, the level of some final daing.g.,y., as in the optimal resource
allocation model) into endogenous variable. Witlshsa change, the demand driven model
would become supply driven, as the optimal resoaticeation model. In the latter model all
the three, that i4,0, Ko andd. were considered to be fixed (exogenous supplalbes). This
is why we would assignv, p andv as complementary variables in the optimal resource
allocation model to the same equations, in whigm thalues reflect their relative scarcity.

B) PRICE IDENTITIES AND EQUATIONE/N+1):

This block contains shadow price identities andag¢iqus, derived from the dual optimum
conditions. Most of them can be interpreted aneé thle form of cost-price definitions, as we
have discussed already.

(P9 p*=Zip"may +wli+g-k "
(P10)  p*=p"5'+p°s° (D)
(P11)  p"=vp™ (")
(P12)  p®=(1+1llg)-vp™ ()
(P13)  p"=p"s"+pms" ®")
(P14)  p’=Zip"by (9
(P15) g =p"rt+p (@)
(P16)  pou =2 p"ms. (Pey)

It should not be surprising at all that the+Zequations (P9) — (P16) define a complete,
well defined extended input-output model in termfishe T+1 number of unknowng;", B,
p™, B p™™, pP, g andpe, listed on the right hand side in brackets. Iaventional input-
output price modep;"®, w, p andv would be, of course, exogenous variables, stha™, s,-d,
5% s andg constant parameters, in additiorefobj;, r;®.

C) EQUATIONS OF STRUCTURAL VARIABLES AND WORLD MARKET EXPORIESKBN):

The last block contains equations that define éugiired proportions between various volume
and price variables, which were also derived mairdyn the dual optimality conditions. The
coefficients setting these proportions would beidsily fixed in a linear input-output or
programming model of resource allocation. The aaimst defining the inverse export demand



-79 -

function seems to behave like a cuckoo’'s egg antbegother variables. But it could be
rearranged into such an alternative form that walsd define a proportion, namely that of the
domestic export to the offer of foreign competitors

As we have demonstrated, these constraints camtdrpiieted as setting flexible upper and
lower bounds on specific variables to confine tliEparture from their observed values into
reasonable ranges. In addition to that these ptiopovariabledink togetherthe first two,the
volume and price blockef equations, which would be completely independesm each
other, were these proportions exogenously fixed) #se input-output models.

(P17)  s"=s"(p", p™ (s")
(P18) s™=s"(p", p") (s™
(P19)  s°=s5%p" P9 (%
(P20)  s°=s%p" p" EY)
(P21) P = p"(z) ()
(P22)  s¥=c'(E" P o) (s*)
(P23) lj =1i(w, o) (1)
(P24) ki = ki(w, o) (k)

COUNTING EQUATIONS AND VARIABLES

We have listed above 864 equations altogether, whereas there arg-2@ariables. It seems
as if the equation system is yet not fully detemdinChecking the variables assigned to the
constraints listed, we can see that the only vhjalwhich does not have a counterpart
equation, is the level of variable (private) congtion, y... It can be shown that the rest of the
equations will uniquely define its value by fordedalras’s law.

One could introduce one more variabd®,as the expenditure spent on variable consumption

and add one more equation, the expenditure consttaithe system in one of the following
forms

Pov Yo = Zi Pi™5™-yey = €v or Z; p"™sV-yey = ev. (Vo)

In such a specificatiomev could be taken as the undefined variable, whosegevis set by
Walras'’s law, as in the case of the Johansen model.

In any case, there would be one more unknown tlqaate®ns. One can, however, easily
check, here again, that all equations are indeperafe¢he general level of the price and value
terms (i.e., homogenous in prices), therefore wefpbathe price level by setting the value of
one them, for example spt, = Z; p"™s% = 1, as in the programming model,ex= 1, as the
Johansen model). That would make the equationsraystell determined (regular).

SUMMARY AND CONCLUSIONS

It is worth summing up what we have demonstrate@& Ndve seen, first of all, that the
feasibility conditions of the resource allocatiorofdem are nothing but the conventional
macroeconomic accounting identities: balance reguents described in terms of supply-
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demand equations for sectoral commodities, primmasgources and foreign currency (see,
balance of trade). They are the same conditiortsstiauld appear in any nation-wide model,
especially in those, which are built upon the irputput tables.

The number of the equations defined by these ainsiris relatively small compared to
the number of the potential unknowns. For examplethe case of NLP-2.2-2, the primal
(physical) resource allocation constraints condistedn + 3 equations, expressed in terms of
8n variables (ignoringy., and its definition, which could have been put dise into the
objective function). Unlike, thus, in an input-outpmodel, there will be a large degree of
freedom left by the primal resource constraints baldnce requirements. (In the case of the
input-output models we reduced the degree of freetio zero by fixing the value of many
potential variables exogenously). In other worltls, et of feasible resource allocation patterns
will be quite large. We try to reduce this set tgiagle point by optimizing an appropriate
welfare function over it. If there is a single duobn, the model can be used for comparative
static exercises, that is, compare solutions recelwy assigning different values to specific
exogenous variables.

We have demonstrated that the above ‘regularisabbrine set of feasible allocation
patterns, i.e., its representation by just oneesalpoint, is equivalent with complementing the
set of primal variables and equations with appadpridual variables and constraints, which
would together define a regular equation systene iimerical solution of the optimizing
model would, however, not be able to replicatedbserved values of the variables, even if the
benchmark data set were consistent with the imjyliassumed optimizing behaviour. For the
simple reason that the necessary conditions obfhenal solution are not all reflecting the
actual rules of accounting, especially not in thsecof the pricing rules, which ignore taxes
and subsidies. The programming approach corresgorttie world of perfect competition.

It is important to note in this connection thatttktze majority of the dual variables and
conditions follow quite closely the conventionataanting principles. So, if one changed the
specification of the unrealistic dual conditions,dould achieve both goals, i.e., the feasible set
would become ‘regularised’ and the solution of #gation would replicate the observed
values of the endogenous variables. As a matteobfas we will soon show it, this is exactly
the purpose omodel calibrationin the case of the computable general equilibrmodels.
(Calibration means the adjustment of parameteregabf the model until the output from the
model matches an observed set of data.)

What makes the general equilibrium approach feasshlhe way we introduced another set
of dual variables and constraints (various propad), which so as to set flexible upper and
lower bounds on specific variables. As we have se¢kay could be derived from the
optimizing behaviour of representative agents (poeds, consumers, foreign buyers) put in
charge to make analogous decisions. This is in faeir usual interpretation based on
neoclassical economics. Our above demonstrationldglinave, however, convinced the reader
that it would be more proper to view these dualagigns as describing the behaviour of the
structural variables, rather than of some mystariepresentative agents.
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This would not contradict the fact that we borrowaahcepts and tools for our macro
model from microeconomic theories. It will not matke indisputably macro model, built up
from macroeconomic aggregates, into a microeconaonstruct either. What justifies the use
of microeconomic rules of behaviour in a genuimalgcroeconomic model is that they provide
a convenient way to link together, and at the sdamme limit the movement of certain
macroeconomic variables, as we have pointed oaf {lxible bounds).

2.3.The concept and the main building blocks of the CGEnodels

2.3.1. From programming to applied equilibrium model

As noted before, the necessary conditions of thenap solution are not all reflecting the
actual rules of accounting, especially not in thsecof the pricing rules, which ignore taxes
and subsidies. The only place they have appearsdhweaformation of the export prices (see,
optimal tariffs), the use of which in an applied debwould be unrealistic. Because of the
aggregate representation of labour and capitalwhege rate and the net rate of return are
uniform across sectors, whereas empirical data riaktear they are sector specific. Also, as
we have seen, the net rate of return is proportiaith the physical amount and not the value
of capital, as its theoretical concept would imply.

These and similar other potential shortages ottralition of optimality can be taken care
simply by modifying the equation system derivedrirthe optimality conditions in accordance
with economic theory or observed practices. Theatswi of the revised equation system will,
of course, be no longer the optimal solution of phegramming model. As a matter of fact,
what we would like to achieve is that the modelsoh would reproduce the observed values
of the endogenous variables, if the values of tr@ampeters and exogenous variables were set
according to their observed values too, and theboseiwable parameters of functiox;sxihm
andf; were calibrated in such a way that the choicdzag prices would show consistent with
the assumed optimizing behaviour. The solution iobth would thus look like a state of
equilibrium, distorted by the presence of taxes anlsidies and other imperfections, for
example, on the factor markets. This is the iddanokthecomputable general equilibrium
approach

We will introduce, to this end, various rates afinect and direct taxes/subsidies, including
VAT taxes, in the equations and terms, which defime rules of price and cost formation.
Instead of the cost based producers’ and supplieices we will use, where ever appropriate,
users’ prices, which include the net result of taaad subsidies. We assume that the indirect
taxes/subsidies applied to commodity use can lssified into three categories of use, use in
production and public consumption, in private conption and in investments. Their rates
may differ across these categories, but they areséime within these categories for the same
commodity. The tax/subsidy rates and the revisestprand costs will be as follows (the same
symbols will be used as before, where ever it ssiie).

Use in production and public consumption, rataS= (z"), users’ prices:
piu — (l'Hiu)mihm,
Private consumption, rates’= (), consumers’ prices:
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pe = (L) B,
Investment inputs, rates” = (5°), users’ prices in investment,
p° = (L+)p"™,
Export taxes/subsidias = (1), export prices
p° = (1+5°)Np™,
Import duty ratest™ = (™), import prices:
pi" = (145" NI,
Production taxes/subsidies, rat€s= (), producers’ prices
B = (1+5) B
Social security contribution, rates! = (5"), labour cost
w = (1+5")Wwid,",
The revised cost of capital:
G =p- (% + 77T,

In order to see the differences, we will compare @higinal (optimality) and the revised
(equilibrium) price equations. The latter equatiarnié be the same, as will be seen, as the ones
introduced already in the case of the input-oufpide models. The tax/subsidy rates will be,
as arule, considered to be as parameters, bettairc exercises they could become exogenous
or even endogenous variables.

The revised conditions: The original optimality conditions:

(P9)  p*= (L+7){x (L+7")B"By +wil +q&), (P9) P =i p"™ay +wl; + gk,

(P11) p™ = (1+77)-v-pi"™, (P11) p" =v-p"",

(P12) p= (1+59)-v-p"(2), (P12) p°= (1 + 1k)-v-p"(2).
(P14) p’=Z; (1+5°)-p"™ by, (P14) p° =3 p"™ by,

(P15) g =p® (f+ 770", (P15) g =p"r+p,

(P16) i p*s® = pov, (P16) Z; p™s% = 1 (=pe),
(P22) s¥=¢"(p:" P - ,pn),s (P22) s%=c'(p"" " ... .pa™),
(P23) 1j =1j(w;, q) (P23) I =lj(w, g)

(P24") ki =k(w;, ) (P24) k =ki(w, q)

(P25) w; = (1+5")-w-d;", wage rate was uniform before,

(P26") p= 1+5%)-p™ no special consumers’ prices before.
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The reformulation of the producers’ prices allowss ta depart further from the idea of
perfect competition. One might want to redefine rapeg surplus as differentiated profit
mark-ups 15°) instead of the differentiated net rates of retmrcapital. As a result, one would
redefine producers’ prices as follows:

(P10")p? = Zi(1+")-p"™ay +wi'l; + gk + p (15° + 1),

where we can make further choices. In the caseutd mark-up profits the cost of capital
should be redefined ag = p (* + 77d™), whereas the profit mark-ups &5 = 7#d,". This
would leave the number of variables unchanged, @mel can show thatr would reflect
changes in the relative scarcity of the factor t@nsts and foreign currency as before. In
another solutiorr;® could be introduced as parameters, and retaindéfinition of the cost of
capital asg; = pjb-(r,-a + 77dj"). This would result in a lower base value of tle¢ mate of return
and a narrower range farto vary in general.

2.3.2. A stylised CGE model based on problem 2.2-2

The previous section has paved the way for refoating the optimum conditions of the
studied optimal resource allocation problem inteetiof equilibrium conditions. We will use
the equations characterizing the optimum condifioesised in the way suggested above,
organized into the same 26 blocks as before. Wesimilply tell the story of the origin of these
conditions using the language and terminology ofegal equilibrium theory, and following its
logic, rebuild the model using the typical buildiblpcks of the CGE models.

It will be ease to identify the equations, and tbkowing summary table will help the
reader to recall the meaning of the 27 blocks ak ceariables used. We call them core
variables, because the 26 blocks of equations elgft not a complete stylised CGE model,
and we will have to introduce further equations sadables to complete the model.

Endogenous variables of the core model

h

X (composite) production levels Pi producers' prices of domestic sales
x,-h production supplied on domestic marketg,® average producers' prices

Z volume of exports P domestic prices of imports

s?  Share coefficients of domestic sales  p*®  world marketrices of exports

s° share coefficients of exports pi° domestic prices of exports

x™  (compositesupply on domestic markets p™ average users' prices net of taxes
m volume of imports pi° consumers' prices

s share coefficients of domestic supply pey  consumers' price index

s™  share coefficients of imports pjb prices of capital goods

s structure of variable consumption o] cost of capital

Yev  level of variable consumption W cost of labour
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lj labour input coefficients w general level of wages
K; capital input coefficients T netrate of return on capital
\Y exchange rate

PRIMARY GOODSDOMESTICALLY PRODUCED AND IMPORTED COMMODITIES

There are two types of commoditigskinds of goods produced msectors, and two kinds of
primary resources (labour and capital) with exogmsho given supply l(o and Kop). It is
assumed that all users of the various commoditissnmze their costs. Domestic products
compete with imported commodities of the same &oreach sector, and that they are
imperfect substitutes of each other, making up exisp composite commodity (the so-called
Armington assumption). The joint use value, thattlee volume of the domestic/import
composite commodity of sectoral origirs given as

(P3)  x"=x""(x", m), i=1,2, ..n, (E1)

wherex™™ is a linear homogeneous (aggregator) function, xdhendm the amount of the
domestically produced and imported component, cisdy.

Domestic outputs as well as imported goods arenzaduo be composed of homogenous
commodities themselves™™ is a linear homogeneous function and all usersitémize their
cost, therefore each user will use domestic anaitegd goods of the same variety in the same
proportion:m/x" = s™/s", wherex"™(s", ™) = 1.

The unit share coefficients" ands™, are determined by the relevant cost minimizing
exercise. We assume that they are uniquely detedramd their values can be expressed in
closed forms, by the followingnit demand functionhomogeneous of degree zero):

(P17)  s"=s"(" p"), i=1,2, ..,n, (E2)

(P18)  s"=s"(p" p"), i=1,2 ...n, (E3)
wherep" andp™ are the component prices, given in the cost miziimgiexercise, and

(P11)  p™ = (2+5")-v-p"™", i=1,2,..,n (E4)

Based on the above forms, the ratio of imports ameistic supply can be defined as
follows:

(P5) m =m(p", p" x") =x"s"/s", i=1,2, ..n. (E5)

The demand for sectoral goods is always givenrmgeof the domestic/import composite
commodity. In the case of linear homogeneous pribmu¢aggregation) functions, the only
prices, which are compatible with the assumptioprofit maximization and equilibrium, are
such that are equal to their minimal cost. Theeefdheunit price of the domestic/import
compositegood of sector origin (o™ must also be equal to their minimal combine ¢tst
value of the Lagrange multiplier in the cost miramg problem):

(P13)  p"=p"s"+pMs", i=1,2, ..,n. (E6)
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THE REPRESENTATION OF PRODUCTION AND EXPORTS

Production is organized into sectors, each producing jointly two commoditieshd same
sector origin, close, but not perfect substituteseich other. One is supplied on domestic, the
other on foreign markets. The joint level of thepui in sectoy is given by the set of

(P2)  x=x(x"37), i=1,2, .0, (E7)

linear homogeneous transformation (aggregation)tian, and it can be interpreted as
measuring the volume of a special home/export caitgpgood. One unit of such composite
commodity can be achieved by various combinatidritie@two goods, which must satisfy the
conditionx(s®, s°) = 1.

The home/export composite commodities are produmgdneans of domestic/import
composite commoditiesa fixed unit input coefficients), and primary resces (j andk
variable unit input coefficients). Various combioats of labour and capital can provide the
same level of capacity, defined jK;, L;), linear homogeneous (constant return to scale)
production functions. The scale of these functisnset in such a way that the production of
one unit home/export composite good requires at)ene unit of the composite factor:

filli, k) =1, j=1,2,..,n

The overall production function and capacity caaistrin sectoy takes, thus, the following
form:

(X, % X,
)(’-()(‘-h' Z]) =X = mm(a_ll,...’ a_l,...’ anJ ’fj(Lj’ K])J
1j ij j

Production sectors are assumed to operate as tpkogy and profit maximizing firms,
which maximize revenues and minimize costteris paribus Thus, deciding on how large
part of their output will be supplied on the donesind how large on foreign markets, they
solve a revenue maximizing exercise taking theegruffered on the two markeﬁh(andpje)
as given. We assume that these problems, too, dleaxg/s unique solutions, and the revenue
maximizing compositions, at unit level of the outglcan be expressed in closed forms, by the
following supply functionghomogeneous of degree zero):

P19)  s5°=s5%Q" ), i=1,2, ..n, (ES)

(P20)  §°=s%p" PO, j=1,2, ..n, (E9)
wherepjh andp™ are the component prices, given in the cost mizimgiexercise, and

(P12)  p®= 1+ v-p"s ji=1,2,..,n, (E10)

and the world market price of exports is given g following inverse demand functions:
(P21)  p"=p"(@), i=1,2,...n (E11)

Based on the above forms, the ratio of exports dmeaktic supply can be defined as
follows:

(P4) z=x"s%s", i=1,2, .0, (E12)
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The revenue achieved in secgdry selling one unit of output in optimal proportgocan be
expressed as

(P10)  p*=p"s"+p°ss i=1,2, .0, (E13)

which is equal to the value of the Lagrange muéipin the revenue maximizing problem, and
it defines theunit price of the domestic/export compositeput in sectof (p;°).

Similarly, producers choose such combination oblaband capital that minimizes their
joint cost. The labour and capital demand per ahdutput in sectoy is, thus, determined by a
cost minimization exercise, in which the unit cogigces) of labour and capital are given by
the following forms:

(P25)  wj = (1+5")-w-d", i=1,2,..n, (E14)
(P15) g =p ¢+ 77d"), i=1,2, ..n. (E15)

Here again, it is assumed that functidpare all well-behaved and the cost minimizing
demand for labour and capitat unit level of the output can be expressed astions
(homogeneous of degree zero) of the factor prices:

(P23) I =li(w;, ), i=1,2,..,n, (E16)
(P24) Kk =k(w;, q), i=1,2,..,n (E17)
The unit cost of the output in secjowill be, thus, as follows:

B =2 (1+7)P""@ + Wil + GK, j=1,2,..n,

where the value off andk; is given by the above unit level factor demandcfioms. Apart
from the producers’ taxes and revenues, the uiné @f the domestic/export composite output
in equilibrium must be equal to its cost, thereftire following equilibrium pricing condition
must hold:

(P9)  p®= (A+9E (+rPME +wil +gK),  j=1,2,..n (E18)
THE REPRESENTATION OF FINAL DEMAND

Final demand for the domestic/import composite cadlitites will be grouped into the
following components: (variable) private consumpfipublic consumption, replacement and
net investments and the rest in the following way:

FDi =5 You + Gyg + Zj by (7 + ™) + 6"

In the current specification of the model, only tlagiable part of private consumptioy(
ands® variables) and the commodities used for replacaar'mm'estments)4br variables) will
be treated as endogenous variable. The categdrinchsdes, thus, committed consumption as
well in addition to the change in stock, if we emplas usual, a utility function of Stone—
Geary type to explain private consumption decisions

The levels of the replacement investments in tlfferent sectorsy(br) will be defined by
the depreciation of the capital used, thaf$,= r;*k-x. The equilibrium prices of the sector
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specific capital goodspf), which appear in the definition of the cost opital, are equal to the
costs of their formation via the investments, that

(P14)  p°=Z; (1+5)-p"™by, i=1,2, .., (E19)

Consumption decisions are assumed to imitate thatrepresentative household, having a
(linear homogeneous) utility function, which is ideid over the set of variable consumption
only: yy(y1, 2%, ... ,¥n"Y). The utility level,yey = Yo(y1™, 27, ... ,¥n"") can be interpreted again
as defining the volume of a composite consumptioadgrepresented by the basket yf'(
oo, ..., ¥n). The optimal composition of this basket®™} is determined by the cost
minimizing choice at unit level of utility. It isssumed again the cost minimizing solution is
unique and yields the following demand functions:

(P22) s =c"(p" P2 .. ,P0), i=1,2,..,n (E20)
where the set of the consumers’ prices are given as

(P26))  p=(1+5%)-p™, i=1,2, ..n. (E21)

The optimal consumption basket will be the numerand its price index is given as

(P16)  Zip®s® =pw (= 1), (E22)

wherep, is equal to the value of the Lagrange multiplisedi in the above cost minimization
exercise, and it will be set to be equal to one.

MARKET CLEARING CONDITIONS AND THE CURRENT ACCOUNT

The above definitions of the behavioural rules aptimal decisions determine the supply and
demand of the various goods represented in the Indde can now formulate the market
clearing conditions of general equilibrium.

(P1) x" = (a +by-rk)X +sVVor + Gyg + Z by +¢° i=1,2,..,n  (E23)

(P6) 2 li-% = Lo, (E24)
(P7) 2 ki-x; = Ko, (E25)
(P8) Z (p"™m - p*®z) = de. (E26)

The last equation represents the current accob@tb@lance of trade). If its balande,s
exogenously set, as in this specification, it belsaas a special commodity (foreign currency)
with limited external supply. Therefore, the prassociated with itV reflects the scarcity of
this resource relative to the other primary resesirand the final goals, as we have seen it in
the programming version of the same model. The wahjable part of final demand that can
adjust to the production capacity determined by téwhnology and the available stock of
resources (labour, capital and currency, in thgeyf# variable personal consumption. As we
have seen it in the programming version of the hdde utility function of the representative
households takes in fact the place of a welfaretfan to be maximized.
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2.3.3. Counting equations and variables and closing theeEGodel

We have above formulated set of equations simiathbse representing the optimal
solution of the nation-wide resource allocation elddLP-2.2-2. They are different from each
other in as much we have used the revised forniseotquations suggested above. This is also
the reason that we haven Jnore equations and variables than before. Thé totaber of
equations is 22+4, and we have 2&5 variables. All equations are homogenous in price
therefore we can fix the price level by setting ttadue of one them, for examplg, = 1.
Thus, the number of unknowns is equal to that ef ¢lguations, the equations system is
regular.

Although we could expect the derived system of &goa to have solution, the general
equilibrium model is not yet complete and its sfieation provides opportunities for revision.
Consider first of all thayy andy,-bn are exogenous variables apg is set by Walras’s law,
rather than by means of utility maximization subgecbudget constraints. There are no budget
considerations introduced explicitly into the mqdid¢spite the fact that the distribution and
redistribution of incomes is an important constraas well as means in generating final
demand that matches total supply in a monetaryaagn

Let us try to construct the budgets of theonomic agentsepresented in one way or
another in our model. They are tlpeivate householdsin charge of making the private
consumption and savings decisions, gloe@ernmentwho decides on public consumption and
budget deficit or surplus, thigrms (production sectors), who can be charged to mhke t
investment decisions as well in addition to produrctdecisions, and théreigners who
represent the rest of the world.

One of the special advantages of the computablergkerquilibrium models is that they
can cover all the major aspects of public finame&uding all substantial taxes, social policy
transfers, public expenditures and deficit finagamstruments. The models contain, usually in
considerable detail, the process of income didivbuand redistribution, which takes place via
various channels. The primary incomes receivedoeaimterpreted in broader sense than usual,
to include not only wages and gross operating garflabour and capital), various taxes, for
example on wages, consumption, imports and exp8esondary income generation takes
place in the form of transfers between the abowvetimreed various agents.

Most of the transfers are assumed to be propottionsome activity levels, represented in
the model, and are assumed to be set in real {sathrterms so as to maintain the price
homogeneity of the model. Here we will represeetittonly by their net outcome: (r® in the
budgets of the economic agents, which eventualineléhe net monetary savingS’ as the
difference between disposable incomes and expegditu

We will, thus, introduce for each agent a functitfi(-), representing the net result, the
positive or negativebalance of the transfertaking place between them. The net transfer
functions depend on specific endogenous varialtag;h determine the levels of the various
activities that form the basis of the transferse 8im of the transfers is by definition zero, that
is,
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tr'(-) + Ztr() +tr9(-) +tr™(-) = 0.

We have to introduce alser3 additional variabless’, §', & andS", to represent the net
monetary saving position (savings or borrowings)the householdsthe firms (production
sectors), thgovernmenand theoreigners

We will also add the same number of equations ® diistem, to define the budget
conditions of the various agents that must be feadivy the feasible solutions. The primary
incomes received and the net result of the tramsfdt be presented on the left hand sides of
the budgets, which defines thus the total inconalavle for the given economic agent. On the
right hand side one will find the expenditures #melnet result of savings/borrowings.

To keep the presentation simple, we assume thawvhme of ¢° consists of committed
private consumption. Thbudget of the private householdsll thus be as follows (wages
plus/minus transfers equal to consumption experaljilus net savings):

2 wed g £ trC) =% p @0 + YY) + S (E27)

The budget of production sectgr will take the following form (amortization plus e
operating surplus plus/minus transfers equal tcestment expenditure plus net savings,
typically minus borrowings):

p™ (" + 770" kg 2t () =y + j=1,2,..,n. (E28)
The governmentollects direct and indirect taxes, gives subsidiedistributes income via

transfers, finances public expenditure and theltiagubalance will be equal to the budget
deficit or surplus:

S{Ziz"p ey + 7" wed™ 1 + p 5t + ZZn by y + S{7%p"™ @0 + Yerd)

ip"™ay + 1p by + v m - 1%z} 2 tr¥() =X ptgiyg + S (E29)
Finally, thebudget of the foreignersest of the world)
2iv-pmm +tr(-) =2 vz + SV, (E30)

which could also be written as the sum of the aureecount and monetary transfers, which
result in the balance of payments, represented’by

v-de +tr'(-) =S". (E30")
The sum of the net savings/borrowings should be, 2bat is,
S+ 5 +g+S")=0.

It can be shown that equations (E1) - (E26) imply basic accounting identity that states
that the value of final demand is equal to the sfiprimary incomes, as required by Walras’s
law. The same identity is implied by equations (E2{E30), if we assume that total savings
and borrowings match each other. The above equitibcondition will, thus, be automatically
satisfied, so there is no need to introduce it ephy.
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As we have discussed it, equations (E1) - (E26)kmsolved for the variables contained
by them. Once we know their solution, equations7jE2(E30) can be independently solved
for the net savings/borrowings variables. This shdhe specificity of themplied macro-
closure of the CGE model specification derived, step-lgpstfrom the macro-programming
model 2.2-2. Namelysavings adjust to the structure of final demandlich is set basically by
fiat, externally, by considering public consumpti¢yf) and net investmentsy'() to be
exogenously given. This choice of endogenous andenous macro variables can be called a
programming macro-closure

It is, however, far not clear, which potential \dnlies should be treated as exogenous and
which as endogenous variables in the model. As #iemaf fact, exogenous variables are
partly used to counterbalance the shortage of thgcsmodel (see the discussion of the
problem of macro-closure in the case of Walrast®sd model), partly the lack of well tested
theories to describe the complex interdependencéh@fmain economic variables. Each
exogenous variable represents in a sense an eguaissing from the model. As a matter of
fact, when we set the value of certain variablesgerously, we make a conditional (‘what
if (1) forecast in terms of the endogenous variablegshBysame token, choosing one or another
plausible specification possibility, we fix somenditions as corner stone for our analysis.

The above uncertainty and certain arbitrarinesslved in the choice of specification can
be counterbalanced by using alternative assumpéindgest the robustness of the conditional
forecasts. With each specification option we camegate an internally consistent forecast for
the endogenous variables. In this way, we can deipackages”, that indicate alternative,
possible and consistent changes in macroeconomigbles (seeZalai et al, 2002 for more
details on this).

We will illustrate the macro-closure possibilitity some characteristic macro-closure
options (se®ewatripont and Michel1987,Lysy, 1983, Taylor, 1983 and 1990 on a theoretical
discussion of closure options). Let us take fingt @xample of public consumption, the level of
which {yg) is usually set exogenously in the CGE modelsabse it is decided by economic
policy makers in a way, which is difficult to mod@&levertheless, an alternative variable that
could be exogenously set insteadygfis public deficit &), which has become a growing
concern in many countries nowadays. Yet anotheows to fix both macro-variables, that is,
bothyy andS’, and free the general level of some tax rates, (sogial security contribution,
5"), by means of which the government collects incoffat could to bring public budget into
the required balance.

In the given specification of the model, there wasbehavioural equation that would have
explained the amount of the net savings of the &loisls &). It was rather adjusting to the
level of private consumption. One might want toraduuce such behavioural equation, for
example, by assuming constant propensity to savesmg the so-calledELES (Extended
Linear Expenditure System) model, which would derithe level of savings from the
optimizing behaviour of the representative housgéhdhat would require, in either case, the
introduction of additional equation into the modehich in turn would necessitate to free
some variable, considered to be exogenous sahfarwould bring the households budget into
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balance instead of savings. A new endogenous \arialplay this role could be, for example,
the general level of investments.

The general level of investments could be made gewous also by fixing the level of
some other components of savings instead. Thatdwvshift the Keynesian macro-closure
towards a neoclassical one, in which investmenjissaitb savings. As a matter of fact, a major
source of savings, the balance of payments, iddoga extent determined exogenously, as one
can see it from equation (E30), in whidhis considered to be an exogenous variable. Again,
to shift further towards a Keynesian macro-closoree might makel. endogenous and fix the
nominal exchange ratg)(instead exogenously.

In typical neoclassical models, the supply of labewuld be made an endogenous
variable, the level of which would be also definbg the optimizing choice of the
representative household. A radical shift in theaion of the Keynesian world would be to
fix the nominal wage levefw) and let the labour market move out of equilibriurhis could
be made technically feasible by introducing a newable, the labour utilization indek )Y and
replacing Lo in the labour market clearing condition witfill,, That would, of course,
completely change the original meaning of that aborl It would simply set the level of the
labour utilization indexI(), which could be seen as an indicator of diselguilim or tension on
the labour market, rather than a resource constaibefore.

Another variant of this closure would be fixing tteal wage ratenstead, that could make
more sense, especially in economies with stronguahbinions. Instead of the real wage rate
one could fix the level of utility function (the akvalue of consumption), that Taylor would
classify as aMarxian macro-closure

One may find difficult to justify the assumptionfofed capital stock, the scarcity of which
determines the rate of return on capital, in a Q@&del meant to generate a longer term
perspective scenario. One could instead fix the oatreturn and introduce a capital utilization
index () as in the case of labour above.

As can be seen from the above examples, the méwsare problem is closely related to
the mechanism that sets the proportions betweeméie components of final demand, such as
the general level of private and public consumptiamestments and net exports, on the one
hand, and the level of the key variables that detex the distribution of the national income,
such as the general rate of wages, return on tapithforeign exchange. The above sets of
variables compete with each other, that is, theyicerease only at the expense of each other,
because the overall level of the national inconmet fmoduct) is determined practically by the
available stocks of primary resources in our moddle two sets of macro variables are
connected to each other through the income (rejfalision rules, which should secure that the
demand generated by disposable income matchesrgiag supply.

Some CGE models attempt to integrate the microeoan@eneral equilibrium models
with macroeconomic IS-LM mechanism (termed as maai@o integration), which has been
traditionally used in Keynesian models (see fornepi@ Bourguignon, Branson, DeMelo
1989, Capros et al 1990). These hybrid models are designed to oweecthe limitation of
arbitrary closure rules, which must otherwise bepaed. In addition, due to the introduction of
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financial market mechanisms and related structadgistment, they allow to set the level of
prices as well.

2.3.4. Notes on the calibration of substitution functiased in the CGE model

General equilibrium is about supply and demand, r&hative price driven changes. The
economic agents are assumed minimize cost and rizaxthmeir profit or utility. Comparative
static analysis requires the model to possesslyostdble solution, which in turn implies
mathematical restrictions on the forms of the potidem and utility functions, and other
possible functions that are assumed to direct iamtid¢hoices flexibly between alternatives.

Substitutability between goods in production ocamsumption is a key element that makes
adjustment to changing prices or, the other wayradpprice adjustments to changing volumes
of supply or demand feasible, and in this way theemence of an equilibrium solution
possible. The representative firms and househ@dst ron prices (including taxes) and adjust
their mix of inputs and outputs, or consumer gobygsubstituting away from the relatively
more expensive input or good.

The representation of technologies and preferendswell-behaved functions, and the
assumption of rational (optimizing) representatagents provide a pragmatic approach to
model changes in aggregate macroeconomic variadsese have discussed it in the previous
chapter. Even if one treated this assumption as obaervable and testable behaviour, the
theoretical structure of applied general equilibrimodels is far too rich to allow for the
proper estimation of their parameters by meanscohemetric techniques (the information
required for the direct econometric estimationnisomplete, scattered, does not show enough
variation, and is utterly unreliable).

The issue related to the use of well-behaved fanstiand their elasticities is essentially
twofold. First, it is the question of the choice fohctional forms to describe the assumed
substitution possibilities (constant or variablasticities of substitution), second the way one
sets the values of the parameters of the choseatidus (statistical estimation versus
calibration).

The elasticity is a mathematical concept relatedifferentiable functions. In general, yif
= f(x), the elasticity ofy with respect tox measures in percentages the changeimauced by
an infinitely small change ir (the logarithmic derivative of thiefunction with respect tg):

of y_dy y_diny

Tox x dx x dinx’

The direct partial elasticity of substitutionfor example, in the case of the production
functions characterizes the ease at which fact@n compensate a change in the amount of
factori, ceterisparibus, that is, when the output and all othetoi@care fixed. It measures the
curvature of the partial isoquant (in the case otibity function the indifference curve). The
concept of direct elasticity assumes that the mattithe two factorsrf; = x/x) is a function of
the slope of the isoquarf/fi = dx/dx;, the marginal rate of substitution, which is eqtaathe
ratio of the factor prices in the optimal solutipaid it is the elasticity of that function:
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alx /%) x /x _ o r,
g-= : = : .
a(fj/fi) fi/f; a(pj/pi) P,/ p

Another concept is thelicks-Allen partial elasticity of substitutipmvhich can be viewed
as normalized price elasticity. It is defined as thtio of the price elasticity of factor demand
and the factor's cost share. It measures by howhnthe demand for factgr changes in
response to a change in the price of fagtarhen output and the prices of all the other fiacto
are taken as given (wherandj can be the same).

The general form of theonstant-elasticity-of-substitutiofCES) functions can be written
as

y= ()= (A + AXGE +..+ AXF)

whereA are called share parameters. The direct elastEigubstitution between any pair of
factors iso = 1/(143).

At given the factor prices the derived (minimum)twost function is given also by a CES
form, which is dual to the original (the producfidanction:

clw) = (AW + ATWE 4.+ ATWE7 )7 = (i Aa-"mf{g]l_g'

The so-calledbhephard lemmastates that the unit factor demand function iimgt but the
derivative of that cost function with respect te firice of the given factor:

a =a(w)= A"(ﬂ ,

wherec is the value of the minimum cost, equal to thd-poge of the output in equilibrium.

A) SUBSTITUTION ELASTICITIES IN THE SECTORAL PRODUCTION FUNCTIONS

CGE models focusing on environmental and energycyadisues need to have an elaborated
treatment of the demand for energy resources amdggnintensive sectoral goods. That
determines to a large extent the sectoral breakadesed in such models, and has certain
implications for the specification of productiomfttions, as well. Production sectors that are
fossil fuel intensive may consist of sub-sectoet thiffer significantly from this point of view.
This is clearly the case for the electricity sectdrere the output can be produced both by
fossil fuel intensive technologies such as coal aihgpower, and fossil fuel free technologies
such as hydroelectric power and nuclear power. rderoto capture these substitution
possibilities in a realistic way the technologicanstraints of the electricity sector, or the
entire energy sector, is sometimes represented bgparate sub-model rather than by a
standard neoclassical production function (bottgrapproach).

The sectoral production functions basically defingbstitution possibilities between
explicitly defined input factors. In CGE models fsed on environmental policies distinguish
not only between capital, labour, non-energy inestiate inputs and energy, but also between
fossil and non-fossil energy. Often it is also cement to distinguish between fuels and
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electricity. In some CGE models instead of the potidn function its dual, the cost functions
appears. This is typically the case if flexiblenfo(translog or generalized Leontief) functions
are used, the parameters of which are economéyriestimated. However, lack of data often
prevents econometric estimation of sectoral costtfans. Instead, both the nesting structure
of the production functions and the adopted numakrialues are based on literature surveys of
relevant econometric studies.

The constant elasticity of substitution (CES) fasrconvenient especially because it uses
but a few parameters and can be relatively easlydled mathematically. The particular
disadvantage of the basic CES function is thaudihect elasticity of substitution between any
pair of inputs is the same, as we have seen. Omeallaw the elasticity of substitution to vary
between certain separable groups of inputs by usasted functions. The existing literature on
econometric studies of production does not leaddédinite conclusions about the most
appropriate nesting structure. However, in most e®tlels and electricity are combined in a
CES function with a relatively high elasticity aflsstitution. The input “fuels” is often defined
as a CES-aggregate of different type fossil andfoesil fuels. The elasticities of substitution
between different types of fuels are usually talcebe relatively high.

Treating goods produced for domestk’)(and foreign X9 markets also as imperfect
substitutes, represented by a constant-elastiéitsaosformation (CET) function, a typical and
quite general representation of the technology maalel of GEM-E3 type would be of the
following structure:

XPxX, X =X(L, M, {K, EN[E, F(Fy, Fo, ... ,FI})

Thus, fuels ), which is a CES aggregate kfdifferent types, and electricityg] are
combined in a CES aggregate that defines a congpesiergy goodEN). The composite
energy input is then combined with capital in a Cifg§regate of capital-energ®)( Finally,
the composite capital-energy inpQt is combined with labourL and materials M) that
determines the capacity of the given amount of petidn factors X°) expressed in terms of
the composite outpuX®, on the other hand, combines the capacity nedtieofwo types of
products.

In the simplest case, when the production fundtagiven by the form oK{L, KE(K, E)},
with substitution parameters,a (outer function) andge.pe (inner function is). The Hicks-
Allen elasticity of substitution between energy atapital can be calculated by means of
Keller's formula Keller, 1980, p. 83) as

OKE-HA = (OkE-DE — OvAa)/Ske + Ova = (Oke-DE — S OvA)/ SE -

We have noted also that the Hicks-Allen elastistyhe ratio of the price elasticity and the
cost share of the input, whose price has changedia = €gpd S, WhereSce and is the cost
share of th&KE-composite and in the value-added (outer nest), respectivelyhdf level of
the composite capital/energy input remained comsiastead of the level of output, the
resulting elasticity of substitution would lbge.pg, which is often denoted simply logke. It is
important to note that i6xe.pe is smaller tharoya, theno ke.ya can be negative, implying
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complementarity betweelk andE in the outer nest, whil& andE are substitutes in the inner
nest (in theKE composite).

To calculate the elasticity of substitution betweaty two inputsh andm at a particular
levelL in the nested-CES structure, the formula deriveddller takes the following form:

h
Jnm = Un, hSr:]h - zan,s[sr_\,];:—l - S;];:]
s=1+1

wherel represents the lowest level in the nested-CEStsiel at which a component exists,
associated with both the and them inputs (the lowest common level) ahds the highest
level in the nested structure at which the eldstiein, is calculated, and the cost sh&e is
defined by

Sn,s = ZS ’

iOn

that is, the sum of all the cost shares associaitbdthe aggregate inpuatat levell, or, in other
words, the cost share of the input compoment

In some models capital and labour rather than abpitd energy are combined, and one
can find further varieties in the literature. Whigarticular structure should be used to
represent the substitution possibilities betwedarm@tive fuels (inter-fuel substitution) and
between the energy aggregate as a whole and aihsarp factors, such as labour and capital
(fuel-factor substitution)? In particular, the gties of energy-capital complementarity or
substitutability is a major issue in the literatufée econometric evidence is conflicting. Some
studies indicate that capital and energy are dubssi at the relevant level of aggregation,
while others suggest that capital and energy amgptaments. Most CGE models assume that
capital and energy are substitutes, although thstieity of substitution between capital and
energy is generally taken to be quite low.

The issue of energy-capital complementarity or suhability (whether output produced
goes up or down after an increase in the energye pmdicated byex) may turn out to be a
crucial one in determining the direction of theusmtiment of aggregate output following energy
price changes. Despite the importance of the parameter,empirical estimates of this
parameter must overcome many difficulties. Tabtelillow gives some indicative values of
elasticities used in various empirical studiexah be seen from this table that both the sign
and magnitude of thezx parameter varies significantly between differeéntees.

Table 2.5: Some estimates of the Partial Hickei\Elasticities of Substitutiom) and
Factor Sharesx)

us us us Europe Australip
Berndt-Wood | Kulatilaka Pindyck Pyndyck Truong
(21975) (1980) (21979) (2979) (1985)
Okk -8.8 -2.75 -1.66 -0.98 -16.46
oL -1.5 -0.22 -1.19 -0.82 -1.388
Oee -10.7 -2.70 -24.21 -13.16 -19.60
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O -0.39 -0.222
O 1.01 0.69 1.41 0.69 1.02
Oxe 3.5 -1.09 1.77 0.60 -2.95
OLe 0.68 0.61 0.05 1.13 1.77
Ok 0.49 0.78
O 0.61 0.42
Oem 0.75 0.17

aL 0.289 0.76 0.478 0.526 0.263
Oc 0.044 0.10 0.032 0.055 0.023
O 0.046 0.14 0.488 0.409 0.044
O 0.619 0.67

K = Capital,L= Labour,E = Energy M= Material.
Source:Burniaux — Truong (2002), originally Vinals (1984nd Truong (1985).

B) THE PARAMETERS OF THE DEMAND SYSTEMS OF HOUSEHOLDS

Consumers' demand is represented by one or seuéilidy maximizing representative
households in the CGE models. The most widely iséuke Linear Expenditure System (LES)
or its extended version (ELES). The LES demandesyss derived, as we have seen, on the
basis of maximizing a Cobb-Douglas utility functidefined over excess consumption, i.e.,
demand in excess to the so-called committed consomgStone-Geary preferences). This
representation of consumption allows also for tifier@ntiation of the price elasticities (as the
nesting structures) among various goods, desp#eutie of a linear homogenous utility
function.

In its extended version not only the demand foirnang/ goods but also that for reserved
income (saving) is derived through preferences. ambther extension of the preference
approach includes leisure among the consumptioegodaes, and in this way, utility
maximization yields also the supply of labour. Téemand for sectoral (produced and/or
imported) goods is assumed to be separable froer gitods and their preference ordering is
represented by a separate nest in the utility fanciThe structure of this (sub-)utility function
is often similar to that part of the production d¢tions that relates to sectoral goods
(materials/energy).

A further extension of the LES approach is theadtiction of consumption categories
(wants), which are served by various bundles otosak commodities. Following such an
approach the utility functions are defined in tipace of wants, and the demand for wants is
then translated by means of (so-called Lancastenyversion matrices into demands for
sectoral goods. In multi-period GEM-E3 type modsfecial consideration is given to the
consumption and accumulation of durable goods tarlde consumption of non-durable goods
linked to durable ones.
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C) THE ARMINGTON ELASTICITIEESUBSTITUTION POSSIBILITIES VIA FOREIGN TRADE

The so-called Armington elasticities, used typiath CGE models, refer simply to the
elasticities of substitution between domesticallpduced and imported goods. In an open
economy, each commodity can be differentiated abogrto its source of production:
domestic or foreign (import). In Armington’s appobathese goods are assumed to be
differentiated products, less the perfect subststutn this way one can model intra-sectoral
trade in a theoretically consistent manner.

Domestic absorption in the CGE models is givererms of demand for domestic/imported
composite goods, the actual mix of which is detasdiby their relative prices and the degree
of their substitutability, captured by the Armingtelasticities. The higher is the value of this
parameter, the closer substitutes the domestiqgaibduced and imported goods are. In
multiregional models Armington elasticities congit a significant subset of the parameter
space of the demand system. They play an espedmafigrtant role in the analyses of the
economic effects of trade policies. When the tagfiplied to imports of a particular
commodity changes, it directly affects the domestice of the imported commodity, and
indirectly the price of the domestically producemenodity and domestic resource allocation
effects. Such changes in trade policy have, thuseféect on the structure of domestic
production, the size of which depends on the degfemibstitutability between domestically
produced and imported commaodities.

Multiregional models differentiate imports also by region of origin. The empirical
literature, however, concentrates on the diffeegimin between domestic supplies and imports,
rather than on the differentiation among import@igs. This approach is followed also by the
CGE models, which apply in most cases two-leveltate<CES functions. The upper nest
defines the degree of substitutability between diimeproduction and the composite of
imported goods. The lower nest does the same beting®orts coming from different regions.
This may seem an oversimplification, but in view tok enormous difficulties to obtain
accurate enough statistics on foreign trade, tfiterdnce between domestic and imported
goods seems likely to be greater than the diffeeeraamong imports coming from different
countries.

In many CGE models using nested import structuee‘thle of two” is applied, by which
the Armington elasticity of substitution across org by sources (lower nest) is set equal to
twice of the elasticity of substitution between dstic goods and imports (upper nest). We can
see this rule of two at work in the table belowmpéing elasticity values taken from the
GTAPG database.

Table 2.6: Some elasticity values taken from thé\B@ database

Sector Import-domesticimport-import
Wheat 4,45 8,90
Vegetables, fruit, nuts 1,85 3,70
Forestry 2,50 5,00
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Fishing 1,25 2,50
Coal 3,05 6,10
Qil 5,20 10,40
Gas 17,20 34,40
Sugar 2,70 5,40
Textiles 3,75 7,50
Leather products 4,05 8,10
Wood products 3,40 6,80
Paper products, publishing 2,95 5,90
Chemical, rubber, plastic products 3,30 6,60
Metal products 3,75 7,50
Motor vehicles and parts 2,80 5,60
Electricity 2,80 5,60
Construction 1,90 3,80
Trade 1,90 3,80
Transport 1,90 3,80
Communication 1,90 3,80

THE PRACTICE OF CALIBRATING THE APPLIED SUBSTITUTION FUNCTBON

The real use of CGE models is in counterfactualyaigthat is based on coherent theoretical
framework (conditional insights based on theorieh waumbers, indications of the relative
orders of magnitude for possible policy adjustmeniis analysis consists of the following,
equally crucial steps:

step 1: choice of appropriate model (specificataternative theoretical structures),

step 2: construction of consistent equilibrium dsga (benchmarking, data derived from
several sources of information (extensive use oc8RRow and Column Scaling technique),

step 3: calibration, i.e., setting of specifiedgraeters to replicate a benchmark data set,
step 4: consistency check and preparation of tke beenario,
step 5: counterfactual simulation and analysis.

A variety of approaches have been used to obtaianpeters for CGE models. By far the
most common approach is to specify fairly parsimasifunctional forms, obtain necessary
behavioural parameters from the micro-economettaralture (or other sources), and then
calibrate the remaining parameters such that theéeimperfectly reproduces a base year data
set. Calibration means the setting of specifiecapaters to replicate a benchmark data set,
making use of the equations characterizing an ibguim solution (solution of the model for
the unknown parameters), set out by Mansur and M§hé1984). The calibration results have
therefore only conditional predictive power and cant be used for forecasting. The model is
conditional on the

a) choice from the alternative theoretical struesufsee for example the issue of macro-
closure),
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b) choice of some key parameters (non-existenpnotradictory estimates provided by the
literature),

c) selection of assumptions employed in the baseasw.

This approach has the distinct advantage of natirieg time series data and leaving
estimation issues to the econometricians, and pbsgimg the full set of general equilibrium
constraints. On the other hand, it makes limiteel ofsthe historical record and provides no
statistical basis for judging the robustness ofnested parameters. Therefore other, more
ambitious, approaches to parameter estimation anaddel validation have been attempted.

The CGE models embody three types of informatiom@lyical, functional and numerical.
The analytical structure is the background thecaétnaterial which identifies the variables of
interest and posits their causal relations. Thectfanal structure is the mathematical
representation of the analytical material, and t®®f the algebraic equations which make up
the actual model. The numerical structure considtshe signs and magnitudes of the
coefficients in the equations which form the fuontl structure. The econometric critique is
not directed at the analytical structure of thesedehs, which is based on the neoclassical
canon, but it is directed at the functional and atioal structures of calibrated CGE models.

Calibration usually follows a method that includég interaction of a strict theoretical
structure with the observed benchmark data thaasgsemed to represent equilibrium solutions
at the base prices. The elasticities that inditdatedegree of response to changes in relative
prices are often borrowed from independent datahassually from other similar models,
which include micro-econometric estimates on eathhe required elasticities. Once the
elasticity has been chosen, one can easily idetitdyshare and scale parameters of the CES
functions, which are in line with the assumptioattthe base data reflect equilibrium.

It can be shown that the cost shares of the vagougponentsy) in the optimal solution
must satisfy the following condition:

L AW
c AW AW AW

Thus, if the pricesw) and the elasticity of substitutiom)(is known, the above equations
uniquely define the proportions of the share patarse Their scale (the scale parameter) can
then be adjusted so that the value of the funatidirbe equal to its observed magnitude.

In the case of the nested functions, the volumih@flower level composite goods can be
freely chosen. More precisely, one can freely ckamther the level of the unit base cost-price
of the composite gooct) or their composite volumegk = Xek(Xe, Xx), because their product
must be equal to their observed joint cost in thgebcase, which is given biex = we e +
WKOQKO.

For example, the unit level of the composite lalapital factor, the level d¥(L, K) can
be set by thex’ = F(L° K% equation, whereby we gétl, k) = 1 for the unit composite
coefficient, as we did in the case of the Johaneehnology, anad = w’lIf + °’ = ¢ in the
base. Take as another example the case of the simpomestic/home supply. Suppose, the
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base prices of the components were equal to otieibasef™ = p™ = 1). It appears natural

to set the base price level of their unit compogited to oneg"™ = 1), too. In such a case the
level of the composite goog™ = x"(x", m) will be set by the following conditiong™(x™,
m?) = M0 = 50 4 0.

2.4. lllustrative programs

The special programs accompanying this trainingenedt contain illustrative numerical
examples for the models covered in this chapter oo Excel program (LP-2x2-6cases-
CES.xls) facilitates the understanding of the n@iaracteristics of the programming models.
The program automatically computes and graphiaiiplays the feasible set and the optimal
solution of the resource allocation model. The amffunction used is a generalized CES-
function, thus the program illustrates also theireatind role of CES functions in CGE-models.
The program simultaneously shows the solutions dbsed and open model, comparing their
results and showing how the comparative advantaga®ve welfare.

Another package, a program written in GAMS andteeldiles (PROJECT.ZIP, MultHH-
opt-scen) compares the behaviour of the NLP and @t@Hlels. (See Appendix 6 for the
derivation of the necessary conditions of the ogtisolution of the NLP model, which are
solved as those of a modified CGE model.) The matistinguishes 3 sectors and 10
household groups and is calibrated for Hungarida tta 1998, and is complemented with an
Excel interface, which presents, summarizes andpeoes the results of up to 7 simulation
runs in a transparent Excel sheet. The GAMS codki®fprogram illustrates also the way how
model results can be presented in Excel.

A flowchart in Appendix 7 demonstrates the inteetggency of the individual blocks of a
CGE model and shows how a particular macroeconarusure defines the logic of the
recursive computation of the variables. The examugkd is based on the structure of a CGE
model (called HUMUS), developed originally for Huarg, and adaped for Austria (with 2000
as the benchmark year). See Balabanov, T. — ReVesZzZalai, E. (2007).
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3. The specific features of th&SEM-E3 model

The GEM-E3 model General Equilibrium Model for EnergyEconomyEnvironment
interactions) has been developed as a multinatariboration project partly funded by the
Commission of the European Communities. The iniGEM-E3 European model has
simultaneously represented fifteen European cas)tiinked through endogenous bilateral
trade, and is being extended towards the assoatat@atries and Switzerland. GEM-E3 aims
at covering the interactions between the econoimy,energy system and the environment.
Figure 3.1 gives the basic scheme of the model.

Figure 3.1: The basic scheme of the GEM-E3 model

Goods Market Equilibrium
(" R Exports

Imports X J

Producers Consumers
Maximising Profits Maximising Utility

Labour Market Equilibrium

Capital
Rate of return

Investment Inyestment Revenues Investment
Financing /
allocation
PRODUCERS GOVERNMENT CONSUMERS FOREIGN

Income flows and Transfers

SURPLUS OR DEFICIT OF AGENTS

ENVIRONMENT

The model is simultaneously multinational and sf@éor each country/region. Although
global, the model exhibits a sufficient degree laggregation concerning sectors, structural

4 The GEM-E3 model was built under the auspices wbfean Commission (DG-Research) by a consortiumhimgp
BUES, ERASME, NTUA, KUL, PSI, ZEW and at the begirmiof the project CORE, Univ. Strathclyde and CEA.
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features of energy/environment and policy-orientedruments (e.g. taxation). The model is
multi-period, recursive over time. Technology pesg is explicitly represented in the
production function, either exogenous or endogendbe model formulates pollution permits
for atmospheric pollutants and flexibility instrunte allowing for a variety options.

The GEM-E3 model starts from the same basic structure asthedardCGE models
Following a micro-economic approach, it formulatee supply or demand behaviour of the
economic agents regarding production, consumptiorgstment, employment and allocation
of their financial assets. Prices are computedhigynhodel as a result of supply and demand
interactions in the markets. The current streanCGE models, through its modular design,
encompasses the whole area of modern economicg goiuth beyond the standard neo-
classical economics on which the first generatibrCGE models was confined. This new
generation of model design is the inspiration behire development of tHeEM-E3 model.

The model is built on the basis of a Social AccovqnMatrix by combining Input-Output
tables with national accounts data. The speciboatf production and consumption follows
the generalised Leontief type of models. Technocefficients in production and demand are
flexible in the sense that producers can altertfeemix of production not only regarding the
primary production factors but also the intermesgligbods. Production is modelled through
KLEM (capital, labour, energy and materials) negteaduction functions, involving multiple
factors (all intermediate products and two prim@gtors, capital and labour). Consumers can
also decide the structure of their demand for gaants services. Their consumption mix is
decided through a flexible expenditure system ivwg durable and non-durable goods.

Bilateral trade flows are also calibrated for eaebtor represented in the model, taking into
account trade margins and transport costs. Consomp@ind investment is built around
transformation matrices linking consumption by msg to demand for goods and investment
by origin to investment by destination. The modetludes a very detailed treatment of
taxation and trade. To this respect the model Wdlohe methodology of the models that are
developed to study tax policy and internationailéra

Through its flexible formulation, it also enablé® trepresentation of hybrid or regulated
situations, as well as perfect and imperfect cortipet The current model version for
example, incorporates sectors in which only a kehihumber of firms operate under oligopoly
assumptions. Models with imperfect competition arather recent addition to the literature of
CGE models.

The GEM-E3 model is built in a modular way around its cent@GE core. The
internalisation of environmental externalities @neeyed either through taxation or global
system constraints, the shadow costs of which affecdecision of the economic agents. The
current version ofGEM-E3 links global constraints to environmental emissiochanges in
consumption or production patterns, external cbetséfits, taxation, pollution abatement
investments and pollution permits. It evaluates thwact of policy changes on the
environment by calculating the change in atmosphemissions and damages and determines
costs and benefits through an equivalent variatieasurement of welfare.
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The model is recursive over time, and is solvedeach year following a time-forward
path. The model is written as a mixed non-lineangl@mentarity problem and is solved by
using the PATH algorithm of the GAMS software. Tiain building blocks of the GEM-E3
model are specified as follows.

3.1.Household’s behaviour

Private consumption decisions are derived fromna@rtiemporal model of the household
sector with two stages. In a first stage the hooisishdecide each year on the allocation of
their expected resources between present and fatmsumption of goods and leisure, by
maximising over their entire life horizon an intrtporal utility function subject to an
intertemporal budget constraint defining total &aale resources. It is assumed that at the end
of his life they will have no savings left. Thelity function has as arguments consumption of
goods and leisure. The specification of the fitage problem is based on a Stone-Geary utility
function. The discrete approximation of this problean readily be solvéd

Figure 3.2: The consumption structure of the GEMniRlel

Total Expected Income

Disposable income

Leisure Savings

Labour Supply

v

Consumption

T

Durable goods Non-durable goods and

services
Clothing

Housing

Housing furniture and
operation

* Medical care and health
expenses

Purchased transport
Communication

recreation, entrertainment etc.
Other services

Fuels and power

Operation of transports

. Cars Food

¢ Heating Systems

>

Consumption of non-durables
linked to the use of durables

5 For a detailed presentation of the derivatiorhef demand functions using optimal control see CchI{1973). A similar
formulation can also be found in Jorgenson etl@&¥7).
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In the second stage households allocate their tmakumption expenditure between
expenditure on non-durable consumption categofi@sd( culture etc.) and services from
durable goods (cars, heating systems, and elegtptances). In GEM-E3 the above general
scheme is implemented with the structure as gindfigure 3.2.

Households, modelled through one representativewoar for each EU country, allocate
in each period their total expected income betwamrsumption of goods (both durables and
non-durables) and services, leisure and savingeifirst stage.

The Stone-Geary utility function, yielding a LESnaEnd system is based on a Cobb-
Douglas utility function and the maximisation pretl is writtefi:

Max U =" (1+stp) " f BHIn( HCDTOTY- CH+ BIn( L3+ C))
t

where HCDTOTYV represents the consumption of goods,
LJV the consumption of leisure,
stp the subjective discount rate of the householdsporal time preference,
CH and CL the committed amount of consumption and leisure,
BH andBL the cost shares of consumption and leisure.

The expenditure choice is subject to the followinglget constraint, which states that all
available disposable income will be spent either no some time in the future:

> (1+r)" {HCDTOT, - PC| [CH+ PLJOLIV- PLJIC)
=Y (1+r)" {YTR + PLJOLTOT- PGIOCH PLI CL

where r is the nominal discount rate (parameter),
PLJILTOT is the value of the available time resources,
YTF is the total income of the households from souatber than wages (transfers).

The household behaviour is assumed to be formedsagjuential decision tree: based on
assumptions about the future, the household dedltesamount of leisure, by which they
define their labour supply. Computing the Lagrangdd the above problem the first order
conditions are obtained. These consist of the kudgestraint, plus the two derived demand
functions:

(1+stp) " (BH/( HCDTOTY- CH-A[{1+ } OPGI=0
(1+stp)” BL/( LIY- CO)-ACf1+ ) OPLJ=0

the value of the Lagrange multipliet can be derived by summing up these equations over
time, and substituting them into the budget comnstra

5 Equations without numbering are not included ie thodel text, as they are only intermediate steged for the
derivation of other formulas.
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Expressing now the above equations for the cutnem period { = 0) and using the value
of the multiplier, the two demand functions to Ised in the model are obtained:

HCDTOTV= CH+ Stp::H(Ymsn PLI LIV O (1)
rr
LIV = CL+== Stp BLdYDISPi— PLIO LIV OBl (2)

where Obl=PCI[CH + PLJICL is the value of committed consumption amdthe real
discount rate.

Given the fact that the model is calibrated to sebygear data set in which households have
a positive savings rate, the compusgd is less thanr. The savings rate computed from the
above is not fixed but rather depends on such face the social time preference, the real
interest rate and the relative shares of consumgmd leisure in total potential disposable
income.

In the second stage, total consumption is furtrewothposed into demand for specific
consumption goods. For this allocation an integratedel of consumer demand for non
durables and durables, developed by Conrad ando@&ehr(1991) is implemented. The
rationale behind the distinction between durabled @on durables is the assumption that the
households obtain utility from consuming a non-thlgagoods or services and fronsing
durable goods. So for the latter the consumer da®e¢ide on the desired stock of the durable
good based not only on the relative purchase dasteodurable, but also on the cost of those
goods that are needed in connection with the derédd for example fuels for cars or for
heating systems).

The consumer problem can be written as
B fix Bj
Max Uc= L‘| q-Yy) u (SDG"-Y)

subject to the constraint
HCDTOTVOPC=) pa+>.( p SDE+ p),
ND DG

whereUc is the level of utilityPC is the consumption pric§DGis the stock of durableg,is
the minimum obliged consumption arnfl is the elasticity in private expenditure by catggo

non-durable goods and services are denoted bydexND while durables by the inddBG.

Under this specification, one can derive the follmyyLES expenditure system for non
durables:

HCNDTOT= HU, p SDG= PG Yyt U SDey BDG ( ND)B”D
% ND [qD_l DG El_l BND
which gives the (minimum) expenditure on non duraljiven the stock of durables and the
utility level U. We obtain the derived demand functions for the-dorable goods by
differentiating the expenditure function (Shephatedimma):
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Buo

HCFVy5 = Vo +(—j [ﬁHCNDTOT—Z PGo EyNDj
I:)C:ND ND

where HCNDTOT is equal to E, the total expenditumenon durables.

The cost of using a durable is obtained by diffeatimg the above expenditure function
with respect to the stock of each of the durabléss quantity represents the amount of non-
durables that the consumer is willing to forsakedioe extra unit of the particular durable:

E _,BDG(HCNDTOT—Z PG, EyNDj

ND

JSDG SDG- yq

The cost of operating the durables, that is, comgiom of linked non durables is included
in the user's cost of the duralfleDUR) :

PDURbG = PCpg(IT + 8pg) + TXeror, pd1 +1T) + X | 5 Aunp,oéPCinp,ne 3)

where J,; is the replacement rate for durable goods,

TX is the property tax for the durables,

LND is the set defining all linked non-durable goodd a
A is the consumption of non durables per unit oable.

The last part of the equation links non-durabledyot the use of durables, Energy being
the main linked non-durable good. Consumption adrgy does not affect the expenditure of
durables through the change in preferences bugrgthough the additional burden in the user
cost.

To calculate the desired stock levels of the desbthis quantity is set equal to the
marginal cost of holding one more unit of a duratpd®d for one period. The desired stock
level of the durables is:

— BDG -
SDG=y,, +(—PDUR)G j[ﬁ HCNDTOT % PG, D/NDJ (4)

The demand for linked non-durable goods, coupldd thie use of the durable is then:

LLNDCND = Z)\DG,ND [quD, DGSDG) (5)
DG
where A,; measures the proportion of the consumption ofitiied non-durable good that is
used along with the durable so as to provide pesitiervice flow, 8, ,; represents the

minimum consumption of the non-durable that is eeetbr a positive service flow to be
created. If there is no need for non-durable gded4,, .. in the first equation of the linked

non-durables becomes zero. Therefore, we get:

HCFVap = CHyp + (Pﬂ%j [HCNDTOT—ZND PCNDWND] +LLNDCyp. (6)

ND
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Total household’s expenditure is then the sum afisamption (for non-linked non-
durables) plus investment in durables plus consiamt non-durables used with durables.

HCDTOTV= HCNDTORY  HCF#>' LLNDI (7)
DG ND

where ZHCFV represents the change in stocks of durables asther words, the net
DG

investment that is necessary to move towards thg tan equilibrium durable goods levels.
Assuming a rate of replacemedit this investment is equal to:

HCFV,; = SDG - (1-3)0SDG,[-1] (8)

The demand for consumption categories is then foemed into demand for products
through a consumption transformation matrix witteti coefficients:

HC, = ;THV,j * HCFY
This equation determines the final consumption eglgare of the households. The
consumption transformation matrix is also used ampute the consumption price as the
weighted average of the consumers’ prices of prisdagprivate consumption (PH):
|
PC =) THV,* PH
i=1
A cost-of-living index can be then derived as théor of the value and the volume of
consumption:

rfpc, * HCFV
PCI =2
> HCFV,

i=1

3.2.Firms’ behaviour

Production functions iIGEM-E3 appear in the form of nested, constant returcatesCES
functions. At the first level, production splitstintwo aggregates, one consisting of capital
stock and the other of labour, materials, eledyriand fuels. At the second level, the latter
aggregate is further divided in their componentgdtigure 3.3 illustrates the nesting structure
of the production functions.

The model considers 18 production sectors, eacdlesepted as a firm which decides on
the supply of goods or services given their salesep and the prices of production factors.
The stock of capital is fixed within each periotie tsupply curve of the produced goods
exhibits, therefore, decreasing return to scale

The production function has the following form (tbelst nest):

" This description applies only to the case, whegital is assumed immobile across sectors and Gesint
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o
0-1 |o-1

1 o1
+ 60LEM plLEM ¢

1

XDPR = 6?(AV, PR[Q KAVPREéngRl])

1

where XD, is the level of domestic production,
KAV, is the amount of fixed capital stock,
LEM, is the Labour-Energy-Materials composite factopmfduction,
o is the elasticity of substitution betwe®&®AV,; and LEM,
tgk is the technical progress of capital, whereas

Oxav pr AN ¢, o @re scale parameters.

Figure 3.3: Production nesting scheme in the GEMvio8ef

| Production (output) |

Labour

Materials
Fuels

Capital
Electricity

Materials

Capital Electricity Labour

« Agriculture

» Ferrous and non-ferrous ore/metals
o Chemical products

« Other energy intensive industries

« Electrical goods

« Transport equipment

o Other equipment goods industries

« Consumer goods industries

o Building and construction

o Telecommunication services

« Transports

« Services of credit and insurance
institutions

+ Other market services

« Non-market service

The dual function, representing the minimal unidarction cost, can be expressed in the
following way:

8 Production factors are denoted by bold lettersamedn rectangle. Round boxes represent internebiatdles of goods
with no physical relevance.
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1-0

PKeg ) f
PDpg =|:6KAV, PR(e—Tk:f[ﬂj +3 LEM pPLEM PF{|

where PD,, is the cost-price index in domestic productiord &K, and PLEM_, are the
rate of return for fixed capital and the cost-pricdex of Labour-Energy-Materials composite
factor, respectively.

The derived optimal factor demand function for tteour-Energy-Materials bundle and
desired capital stock are as follows:

PDp
LEMpp = XDpr[d LEM PREEﬁj 9)
PR
PD.. ) .
KAVog = XDpgp[0 KAV, PR[E PKPRJ [een ™ D (10)
PR

The desired capital demand will be used in thetabhmarket equilibrium equation, which
derives the rate of return on capit®K,; as the equilibrium price that equalises demand and
supply of capital.

Similar formulas can be derived for the other lewa the nesting scheme of the production
function, always linking the demand for a factormdbwer level of the nesting scheme to the
bundle to which it belongs, with different subdiibn elasticities at each level. In this way we
can derive the cost-minimising demand for each gectdn factor, which will be represented
here in general functional forms only:

ENLps = F( XDy Sy o PEL gy PD pe &%) (11)
LAV = ( XDpr 1ay pre PL oy PD g @77} (12)
IOVEyee o= f( XDird ove o PIO g PD o) (13)
IOVM ey pr = T ( XD iovy pr PIO gy PD o7 ) (14)

where ENL.; is the demand for electricityPEL.; is the corresponding cost-price index,
tge., is the technical progress in energy us@V,, is the labour deman®L,; is the unit
cost of labour andgl . is the technical progress of embodied in labour.

The last two equations represent the demand ftermediate consumption of
commodity BR used in the production of secter (IOVEg ., for energy andOVMgqy or

for material inputs) withPIO,, being the unit cost of the intermediate good. Thi labour
cost is a function of the average wage rat@®)(that reflects the relative scarcity of labour:

PL., = f(WR (15)

Under the above specification, the zero profit ¢ood is always satisfied.
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INVESTMENTDEMAND

The demand for capital goods, which fixes the itwest demand, is derived from the cost
minimizing decision of the producers, as descri@deove. The long run cost of capital is given
by Walras’s definitions as

PKopt = PINVI(r +d),

wherePINV is the price index of investmentsjs the real rate of interest, addhe rate of
amortization (depreciation). The desired capitalifie following yearKs, ) is given as

&:6 PD,,,
Yexp o PKopt
The exact formulation of the capital demand functembove, depends on the type of
expectations that producers are assumed to hawemrwng the evolution of the economy and
the future prices. In th6&EM-ES, these are linked to the expected rate of growththe

economy and the current price level. Although tkece formulation of the expectations affects
the quantitative results of the simulationsGEM-E3, the qualitative ones remain unaffected.

The comparison of the available stock of capitathe current year with the desired one
determines the volume of investment decided by fthras. Given a partial adjustment
mechanism and the fixed replacement rate d, theetkinvestment demand of the firm is

INVVPR =mx (K PR, fut” (1 - d)K PR,fixed)
or replacing future capital by the equation deteing the desired capital

PKF’R

|NVVPR = mx KAVPR %[m
PR

] 1+ STGRIEOE? - (1- )ﬂ (16)

where PINV,, is the price index of investments in secRiR and STGR;, is the expected
growth rate of the sector.

The capital stock of the next period is given by dguation:

_ _ T
KAVG,, = (1- d)’ OKAV,,+ (%} OINVA, (17)

where T is the length of the period in the model.

The investment demand of each branch is transfointeda demand by product, through
fixed coefficients, given by an investment matriy product and sector. This and the
government investments, which are exogenousher model, define the total demand for
investment goods.

DERIVEDPRICING EQUATIONS

Firms supply their products on three market segmemmely, on the domestic market, for
other EU countries and for the rest of the worldmB do not differentiate their pricing
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according to market segments, but set a uniforrnepfXDpr) equal to unit costRDeg)
modified by the amount of production taxes or stlilesi (TXSUB,):

PXD,y, = PD, [f1+ TXSUB,) (18)
PWE,, = PD,[{1+ TXSUB)/ E) (19)

where PWE,, is domestic supply price of exports &fX is the rate of exchange.

3.3.Government’s Behaviour

Public consumption decisions are exogenous in GBMdovernment final demand (GV)
by product (index omitted) is obtained by applyiinged coefficients () to the exogenous
volume of government consumptiond)G

GV :tG EGSC

Public investment, also exogenous in the modekpsesented by a special branch of non
market services. Transfers to the households amguted assuming an exogenous rate per
head. As far as government’s income is concernegl,miodel distinguishes between nine
categories of receipts: indirect taxes, environ@letdaxes, direct taxes, value added taxes,
production taxes/subsidies, social security coatiims, import duties, foreign transfers and
government firms. These receipts are coming frooagpct sales (i.e. from production sectors)
and from economic agents. The receipts from prodates in value (), which include
indirect taxes, the VAT, subsidies and duties,camputed from the corresponding receipts in
value, given the tax base and the tax rate.

Import duties and production subsidies are defased
Fc,puties= touties/ TMP,
FG,subsidies t subsidieXDFD,

wherelMP andXD denote the value of import and domestic productiespectivelyiputies iS
import tariff s andsypsigiesare the subsidy rates.

Indirect taxes and VAT is defined by the followiftgmulas:

_ Yndtax  « CH+CG+IH+IG+Z|C+ZFI+S

,Ind. Tax —

Fs
1+ tng.7ax 1+ tyar

_ tyar
Fovar = —*(Cly + C + Iy + 1)
1+tyar
The receipts from agents are computed from thébésme and the tax rate (social security
contributions, direct taxation), share of governmiantotal capital income (for government
firms’ income) or exogenous (transfers from antheoRW).
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3.4.Domestic demand and trade flows

The demand of products by the consumers, the pesglfor intermediate consumption
and investment) and the public sector define th& iomestic demand. This total demand is
expressed for the domestic/import composite gotmkwing the Armington specification.
The supplier of the composite good (domestic) séeksinimise his cost and decides on the
mix of imported and domestic products.

Figure 3.4: Trade matrix for EU and the rest ofwueld

EXPORTER
4 N

ARMINGTON-TYPE MIX TOTAL

IMPORTER OF IMPORTS BY ORIGIN IMPORTS

THROUGH RELATIVE EXPORT PRICES

[ | TOTAL EXPORTS ]
COUNTRY-SPECIFIC
DEMAND BASED ON
COMPETITIVENESS EFFECTS RELATIVE PRICES
EXPORT PRICES FROM
DOMESTIC PRICES
BY COUNTRY

The behaviour of the rest of the world (RW) is letiogenous: imports demanded by the
rest of the world depend on export prices offergdtiee European Union countries, while
exports from the rest of the world to the EU, itee demand of the EU, are supplied by the
RW flexibly at constant prices.

Figure 3.5: The demand structure in the GEM-E3 rhode

Demand Structure
Domestic Consumers (final and
intermediate)

y

demand for goods and servicges

T~

Domestically producefd Imported goods fron
goods EU or RW

O\

Goods from EU |~ Goods from RW
splitted by EU
countries
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GEM-E3 employs a nested commodity aggregation fakya in which branch’si total
demand is modelled as demand for a composite goagiantity indexy,, which is defined

over demand for the domestically produced variaXXD ) and the aggregate import good
(IMP,). At a next level, demand for imports is allocaseioss imported goods by country of

origin. Bilateral trade flows are thus treated eg@lmusly in GEM-E3.

The cost-price of the domestic/import composig:) good is determined by its minimum
unit cost. This is formulated through a CES ungtdanction, involving the selling price of the
domestic good and the price of imported goods, Wwhg taken from the second level
Armington. The allocation of total demand betweemdstic and imported is determined by
cost minimization subject to the following CES ftinoal form (indexPRrefers to the sectoral
origin of the goods all the way along):

0,1 Oyt ?X—l
Yor = AGy| O, PR[Q XXDPF) o +(1-9, PI)[G IMPP} >

where XXD,, represents the demand for domestic production,
IMP is the demand for imports,

J,pr IS a scale parameter,
o, is the elasticity of substitution between domeatid imported goods.
The corresponding dual form defines the pricehefdomestic/import composite goods:

(I-oy)

1 p
PYPR = E[al, PR | [PXDPR

1
+(1-8, 3% OPIMPLY }1 (20)
R
where PY, stands for the absorption price of composite good,
PIMP.; is the average price of imported goods of sedtorigin PR,
PXD,, is the price of the similar domestically producgds,
AC is the scale parameter in the Armington substitutunction.

The demand for domestic and imported goods careheed by differentiating the above
cost function with respect to the component pr{&sephard’'s lemma):

o o L PY )
XXDsg = Yo JACE ™ [B, o [ETBZRJ (21)
IMP,, =Y, [AC,\ ™ [[1-8, )™ P¥r | (22)
PR PR PR 1, P PIMP
PR

At the second level, import demand is allocatedsgicountries of origin using again a
CES functional form. In the equation beldst) andCO denote the countries. Ind&U refers
to European Union countries, while indé®© also includes the rest of the world.
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Oy

PIMB,g ey = {z B EPlMPO(;R Eﬁ co} (23)
co

where PIMP, ., denotes price of total imports demanded by couatly
PIMPO,; ¢, o denotes th&U import price of goods originating from counttyo,
B is the share parameter for Armington amg is the elasticity of substitution.

Import prices are equal to the export prices sethlieycountry of origin, multiplied by the
appropriate import tariffs rate:

PIMPOeR eu,co= PWEsR, cdEXco/EXey (L +txdutiesg eu,co-
The EU's import demandor goods coming from counti@O can be calculated by means
of the following form:

APIMP.
IMPO,z ey co = IMP PREU (24)

PREU ApIinaD
aPIMPPR,EU,CO

where IMPO,, ¢, oo denotes imports demanded by courity from countryCO.

Importsdemanded by the rest of the world from the HMRO, ., £/) are, on the other
hand, determined as

PWE e
QR, RW J (25)
V]

PWEQR, EU E>§E

where a,,, is a scale parameter of export demand of theofeke world,

IMPOPR, RW, EU =a RW[E

PWEQ. . is the exogenous price set by the rest ofvthréd, and

PWEQy ¢, rw IS the export price set by ti&J to the rest of the world.

The export of goods of sector orighR coming from countryCO to the EU must, of
course, be equal to their imports in #ld originating from countryCO:

EXPQR,CO, EU = IMPOPR EU CC (26)
and
EXPO-II-:’R EU = Z EXPQ’R EU CO? (27)
CcO

where EXPOTg gy IS the total export of gooBR from countryEU and EXPOu gy o deNote
exports of goodPR from countryEU to countryCO.

A trade flow from one country to another will thing equal, by construction, to the inverse
flow. The model ensures this symmetry in volumdueand price indexes. It is obvious, then,
that the model guarantees (in any scenario ruraddince conditions concerning the trade with
the rest of the world will be met.
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3.5. Equilibrium pricing identities

The users’ prices of the domestic/import composdaemodities are derived from their
cost-prices Ypr), by applying appropriate rules of taxation. Dajiag on the destination of a
commodity, differentiated taxation may be applied, for example indirect taxation., or
VAT. The prices of goods at intermediate consunmptice given by (28), while the prices of
goods in final consumption are computed via (29)Households and by means of (30) for
government. Finally, (31) defines the prices ofdgased in investment formation.

PlOpr = PYpr(L +TpR), (28)

PHGCeRr = PYple +TpR)m1 +VatpR), (29)
where vat,, is a rate of value added tax imposed on d@ied

PGGor = PYpRrI(L +TpR), (30)

PINVPsR = PYple + TPR)- (31)

The unit cost of investment by sector of destimaf@wvner) depends on its composition in

investment goods (by sector of origin). This stuuetis represented by a set of fixed technical
coefficientstcf gg:

PINV,g = Y tcfoppr (PINVR,, (32)
PR

3.6. The income distribution and redistribution block

The formation of the flows in volume and their alos are fully defined at this stage. It is
necessary, then, to formulate the income and warisiws in value at the level of the Social
Accounting Matrix and ensure the closure of the ehdoly verifying the Walras law.

CURRENT ACCOUNT

In some versions of the model the balance of paysnienan endogenous variable, while the
rate of exchange is kept fixed. An alternative apph, implemented in the GEM-E3 model as
an alternative option, is to set the current actofithe EU with the rest of the world (RW) (as
a percentage of total EU imports from the RW) fwexspecified value, in fact, to a time-series
of set values, specified in the baseline scendre shadow price of this constraint will

determine the shift in the rat of exchange endogslyo

THE SOCIAL ACCOUNTING MATRIX AND THE MONETARY POSITION OF TEEBNEOMIC AGENTS

The real sector of the model is grouped withinftaenework of a Social Accounting Matrix -
SAM (see Table 3.1), which ensures consistencyepdlibrium of flows from production
(branches) to the economic agents (sectors) ardtbaonsumption.

The sources of income for consumers and produaerdahour, capital rewarding and
transfers. Respectively the sources of income tareghment are transfers and taxes. The
agents use income for consumption or investmenallyithe surplus of deficit by agent equals
net savings minus investment. To understand thatinaot used, consider a more detailed
presentation of the SAM framework, in the tablddel
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Table 3.1: Framework of a Social Accounting Ma{i®AM)

EXPENDITURES

Branches Factors Sectors Investment| Total
& Stocks expend.
Branches intermediate | O demand for demand for | total
(producers) | consumption products by products by | demand
sector and sector
exports
Factors services in 0 income transfers 0
(labour and | value added from abroad total
capital) factors
REVENUES | Sectors indirect taxes, | factor income transferg 0
(economic | VAT, payments to | between sectors total
agents) subsidies, sectors sectors
duties and
imports
Gross 0 0 total revenues | O
Savings minus

investment and

stocks
Total total supply total factors| total sectors 0
Revenues
Surplusor (O 0 lending (+or-) [ O
Deficit capacity by

sector

All elements of demand for products, in value, @@eputed by multiplying the results in
volume with the corresponding price index. Thidexived from the composite good price
inflated by the appropriate taxes. As already noewti, in the description of the government
receipts, the indirect taxes are applied to all eésta consumption (intermediate and final),
while the VAT tax is only imposed on the consumptand investment of the government and
the households. For imports, the deflator equadsettport price that the country of origin has
set augmented by the import duties rate.

The income flows as in the SAM framework of tBEM-E3 model are presented in detall
below. The following indexes are used to denotspeetively, the economic agents and the
factors of productionm:H (households)F (firms), G (government) andV (foreign); and
n:K (capital) andL (labour).

+ Revenues of sectors from branchEsg(, which includes capital and labour income,
government receipts (indirect taxes, subsidiesdani@s) and imports; government receipts are
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denoted in detail (by category) within the variablg(value). The revenues of the rest of the
world from the branches, is of course equal tonstevalue of imports by branch.

+ Revenues of sectors coming from other sectbgg,(which includes transfers, taxes,
social benefits etc.; government receipts are éurtletailed within the variabless (in value);

The most important of these are:

(i) the dividends the firms pay to the households JFwhich is proportional to the net
revenues of the firms

(i) the social benefits that the government pays tchtheseholds (fs), which depends
on the number of employees by branch (N) and the o& government payments to the
unemployed (U)

(i) the direct taxes on the firmsd&p which is again proportional to the net revenues o
the firms (now excluding dividends) and the house$(éws 1), Where the tax is proportional to
their disposable income, and

(iv) the payments of individuals to the government tania security (Bs s9.
Fue = tovigens {2 Revenues — 3. Payment$
Fic = tgeneis {2 N + t (L)
Fos F = tpree r 2 Revenues - Y. Paymengs- )

FGS H = tDirecr, H D{Disposable

Fos ss= tindiviquaisincome+ .. ValueofLabourService

* Revenues of sectors coming from factdtss, e.g. labour income of households;

* Revenues of factors coming from sectdtss); this mainly concerns factor income from
abroad;

« Flows considered as revenues of branches (in fadiupt demand) coming from sectors
are detailed in: final consumption of products kygter in value k¢c), which includes exports,
investment by product and sector in valleafid stock variation in valu&)

« Flows considered as revenues of factors coming fomanches represent the value
added, in value;

* Flows from branches to branches are the valuesntfrmediate consumption, as
computed from the production behaviour of the firms

« Flows from factors to factors and from factors tarlches are equal to zero.

» The change in stocks is considered proportionahéovolume of production for each
branch.



-118 -

The disposable income §Y of households (domestic) is evaluated as theireaenings
which comprises their receipts from branches, facémd sectors minus their payments to the
sectors and the factors:

YDzzFHBi+zFHF+ZFHS_z|:|:H_Z Ry

n m

* Income transfers and factor payments to or fronoadbrare set equal to exogenous
variables

e Factor payments to sectors are coming from valaeend distributed according to an
exogenous structure:

* Firms disposable income {}is computed as the sum of their income flows cami
from branches factors and sectors:

Fo :%:FFB +;FFF +ZFFS

The gross profits (& are then computed by subtracting from the displesancome the
payments of the firms to the households and theofdke world, as follows

Gp =Fp —Fue —Fue
Public budget results are summarised by computited government revenuesggy ) and

total government expendituresgfs ) which includes final consumption and investmeinthe
government.

GREV:ZFGB+ZFGF +ZFGS
GEXPZZFC+ZFFS+ZFSS+ZI

GROSS SAVINGS AND THE CLOSURE RULE

Gross savingsSA by sector are then computed as the differencevdsst revenues (which
consists of the receipts from the branches plusonrec from factors and sectors) and
expenditures (which include final consumption aras$fers to factors and sectors):

SAn = Revenugs— Expenditurgg

where m stands for all the economic agents. The lendingaciay, i.e., the net monetary
position, positive or negative surpluSUY) of the various sectors can be given by subtracting
investmentl) and stock variationSj from gross savings:

SURPLUG = SA- |- =
If a monetary/financial sub-model is incorporatadhe model, this identity is the starting

point of the monetary/financial sub-model which, fact, expands, the way the identity is
satisfied.
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SURPLUG =

z Tor [ﬁz IOVPRBR + HCPR + thf DNVVBR + INVHPR + INVGPR:|
PR BR BR
+ ZvatPR l:ﬂ(F’YPR + TPR) [HC + (PlNVHPR + TPR) ONVHg,

PR

+ ZTXDUTEU,CO EPIMPOPR,EU,CO DMPOPR,EU (33)
EU
+750) PLyg [LAV,, - HTRA-Y.( PGG,OGG.+ PINVRO INVG)
PR PR
where 15 is the rate of social security contribution,

HTRAdenote income transfers from government to houdsho
GC,i is government consumption,

PGC,; is the price of government consumption, and
SURPLUS [Uh = G, H, F,W denote the surplus or deficit of the agents.
SURPLU§ = HTRA+ Y PL,, LAV, ({1-7,)- PCHCT
PR

(34)
= > TINVpg [PINV,, ONVV,,
PR
where TINV investments financed by the households (dwellings)
HCT is total household consumption ahd/Vis value of investments.
SURPLUS =Y PK,OKAV,- Y, PINY,O INVY, (35)
PR PR
SURPLUS, = z PIMPQ, O IMPQ, —z PEX.0 EXPQT (36)
PR PR

The model is constructed in such a way that the stithe net surpluses is zero, in other
words Walras’s law is satisfied. The definition tbk prices ensures the consistency of the
SAM, also in current currency, a fact, this iseefed in the above conditidn.

3.7.Market clearing conditions

The equilibrium in the real part of the model ishiaved simultaneously in the goods
market and in the labour market. In the goods ntaakeistinction is made between tradable
and non tradable goods. For the tradable goodegtu#ibrium condition refers to the equality
between the supply of the composite good, relaiedd Armington equation, and the domestic
demand for the composite good. This equilibrium borad with the sales identity, guarantee
that total resource and total use in value for epubd are identical. For the non tradable, there

9 Other aspects of the SAM (e.g., how one canrfithe SAM scheme with actual statistical data) béldiscussed in section
5.4.
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is no Armington assumption and the good is homogesieThe equilibrium condition serves
then to determine domestic production.

THE GOODS MARKET

The equilibrium of the goods markets states thadpction must equal demand at the branch
level. In the primal version, this condition sertesompute the unit cost of production (that is
of course related to the selling price).

XDpr = XXDpr+ EXPOT,, serving to computéD,, (37)

In the dual version, as GEM-E3, this equation chetees the total production, the dual
price equation gives the production price and tipgldrium condition on the capital market
determines the rate of return of capital.

In the case of capital mobility across branchedancbuntries the equilibrium condition
relates to the total country or EU capital stockoducers demand an amount of capital (as
derived from their cost-minimising behaviour), véhilhe total stock of capital available is
fixed within the time period either at country olJHevel The equilibrium of the market
defines then the average uniform rate of returcapital across the area of capital mobility.

If capital is mobile across branches only then:

KAV_ Supply=Y_ KAy, (38)
PR

computing an average country-wide rate of returoagiital, while if capital is perfectly mobile
across countries as well:
KAV_ Supply= Y>> KAV, (39)

EU PR

where KAV _ Supplyis the total capital stock available, fixed witlire time period.

THE LABOUR MARKET

For the labour market it is postulated that wagsiffility ensures full employment. On the
demand side we have the labour demanded by firmsdéiived from their production
behaviour), while on the supply side we have thltavailable time resources of the
households minus the households’ desire for leiuhech is derived from the maximisation
of their utility function). The equilibrium conddn serves to compute the wage rate. In another
version, wage rigidity can be assumed.

The equilibrium condition serves to determine tlegerate.

D LAV, = TOTTIME- LIV (40)
PR

Being within a competitive equilibrium regime, thebour market is influenced by the
slope of labour supply (as decided by householduulsaneously with consumption and
leisure). In this sense, the model assumes thadritiee unemployment is voluntary. However,
as the model assumes that, if the economic conditere favourable, the households can
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supply more labour force, a relative high real wadgsticity of labour supply can reflect
unemployment that prevails in European countries.

The labour supply is not totally elastic. This &@l@sy can be thought of, as representing the
bargaining power of the already employed peopldigh bargaining power would entail that
an increase of the labour demand, would lead ingortant increase in the wage rate, without
any additional employment. The other extreme wdagddor the wage rate to remain constant
and the employment to increase to cover the whaldledr demand. The elasticity used in the
model, falls between these two extremes.

Another market that can be activated in the mosle¢hé pollution permits market, which
will be described in the section on the environraemtodule.

3.8.Model Calibration and Use

The first step for running the calibration procedlwf the GEM-E3 model, is to define
values for the elasticities that determine all Gioits that do not correspond to directly
observable variables and then to run the calibmapimcedure. This is written as a separate
model and has a recursive structure. The basedadar used for calibration, correspond to
monetary terms, therefore appropriate price indareschosen to compute the corresponding
volumes (quantities).

Figure 3.6: Using th&EM-E3model

Elasticities (econometrically [Benchmark Equilibrium
estimated taken from the Data Set
literature)

atic Calibration to reproduce o
equilibrium

Specification of counterfactyal
scenario modifying assumptigns
of the baseline to reflect:

Baseline Scenario to reflect
the main changes obseryed
between 1995-2000, and
projections for the future » Policy change

Reference (baseline) Simulation SUnterfactual simulation

. . g -
Policy appraisal, based on compar|son
between reference and counterfagtual
scenarios

 Institutional regime
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Once the model is calibrated, the next step isefond a baseline scenario that starts from
1995, tries to reproduce as accurately as postigdast year for which observations are
available (2000) and then gives some projectionsougp future year which is the final year of
the model simulation (usually 2030). This simulatidefines the moddbaseline projection
against which the policy simulations can be evadat

The “counterfactual” equilibria can be computedrbgning the model under assumptions
that diverge from those of the baseline. This gpoads to scenario building. In this case, a
scenario is defined as a set of changes of exogeranables, for example a change in the tax
rates. Changes of institutional regimes, that aqeeeted to occur in the future, may be
reflected by changing values of the appropriatstigities and other model parameters that
allow structural shifts (e.g. market regime). Thesanges are imposed in the baseline scenario
thereby modifying it. To perform a counterfactumhglation it is not necessary to re-calibrate
the model. The exact process of calibrating andinglGEM-E3 is illustrated in figure 3.

POLICY EVALUATION OF CHANGES IN CONSUMER$ELFARE

Every policy simulation can be characterised byithglied equivalent variation change. The
equivalent variation of a scenario, giving the md® in a policy simulation and B in the
reference situation, is given as:

BV, (U5, UF) = G (UA, POP, PLF)- ¢'( 4P, PCF, PLY) 41)

for every time period t, wher€!" is the expenditure function

rr,,PC® sy, PLI®
CH = (__ BH BLU
: (p)(BH) ( BL) t

Putting in base year prices and summing over thelevtime period, the present value of
the equivalent variation is obtained:

Ev=;{ﬁmpq‘3mmf( CH - Cl-f)} (42)

where

B By PLJ B ﬁ.
APCI® = ( ggBJ and APLJ? = (Tfﬁ‘j
0

0

represent weighted changes in the consumer’s prilex and the valuation of leisure (equal to
net wage rate) between the reference and the atactteal simulation.
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4. Extensions of the GEM-E3 core models

The above set equations represented the core of-BEModel. The web-site in which
various document8 deal with the elaborated extensions of the GEMrttRlel, include the
generalization of the household utility functiontéke into account of the geographic variety
of consumer goods, the imperfect competition, thanicial module taking into account the
portfolio decisions, etc. Of these extensions ves@nt here only the environmental module. In
addition to that we also discuss the possibilityegfresenting private consumption and income
generation with multiple households.

4.1. The environmental module

The objective of the environment module is to repre the effect of different
environmental policiesi) on the EU economy andi)( on the state of the environment. It
concentrates on three important environmental prabl {) global warming i{) problems
related to the deposition of acidifying emission®d &ii) ambient air quality linked to
acidifying emissions and troposheric ozone conedinti. Hence, we consider energy-related
emissions of Cg NGOy, SG,, VOC and particulates, which are the main soufaargollution.
NOy is almost exclusively generated by combustion ggecwhereas VOC's are only partly
generated by energy using activities (refineri@snloustion of motor fuels; other important
sources of VOC'’s are the use of solvents in theamiedustry and in different chemical
products but are not considered here. For the gnoldf global warming, CQs responsible
for 60% of the radiative forcing (IPCC, 1990).

The environment module contains three components:

1. a“behavioural” module, which represents the effects of differesiicy instruments on the
behaviour of the economic agents (e.g. additivel{@rpipe) and integrated (substitution)
abatement)

2. a“state of the environmentifnodule, which uses all emission information arashstates it
into deposition, air-concentration and damage daggending on the version of the model,
there is a feedback to the behaviour modules.

3. a “policy-support component”, which includes regmsition of policy instruments related
to environmental policy, such as taxation, tradgim#ution permits and global constraint
emissions; through policy instruments, emissionsy nrdluence on the behaviour of
economic agents as formulated in the model.

The emission factors and other data related tgptetants are differentiated by country,
sector, fuel, and type of durable good (e.g. chesting systems). The links to inputs to
production or consumption only concern the useamyersion of energy. Non-energy sources
of emissions, like refinery and other processing taeated separately. To be able to evaluate
excise taxes on energy, the energy content of faeth electricity is also considered. For

10 http:/ivww.gem-e3.net/, with detailed descriptiofi the model at:_http:/www.gem-e3.net/download/GEddel.pdf,
http://gem-e3.zew.de/, with reference manual ofitioelel at: http://gem-e3.zew.de/geme3ref.pdf




- 124 -

private consumption the major links between enenguts and consuming durable goods are
specified as follows: cars and gasoline; heatingtesys and oil; coal, gas and electricity;
electrical appliances and electricity.

Figure 4.1: Flow chart of the environmental module
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The explicit formulation of a cost function in tsapply side of the GEM-E3 model eases
the representation of the effects of emission ergynbased environmental policy instruments
on economic behaviour. The costs induced by th@@mwental policy instruments act on top
of production input costs. Derived demand for imtediate goods is derived from the unit cost
function that takes these environmental costsactmunt. Similarly the demand of households
for consumption categories is derived from the exigere function, which is derived from
utility maximisation. Hence, the environment-rethtpolicy instruments convey effects on
prices and volumes of equilibrium.

The model takes into account the trans-boundamyctffof emissions through transport
coefficients, relating the emissions in one courttbythe deposition/concentration in other
countries. For secondary pollutants as the tropephozone, this formulation needs to
consider the relation between the emission of pynpollutants (NOx emissions and VOC
emissions for ozone) and the level of concentratifaihe secondary pollutants.

Damage estimates are computed for each countryaarttie EU as a whole, making the
distinction between global warming, health damages others. The data for damages per unit
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of emission, deposition or concentration and pesqeas well as their monetary valuation are
based on the ExternE project of the EC Joule progra.

4.1.1. Mechanisms of emission reduction
There are three mechanisms that affect the levattofal emissions in the model:

» End-of-pipe abatement (SO2, NOx, VOC and PM): elagioe abatement technologies
are formulated explicitly through abatement costctions associated to production
sectors. These cost functions differ across seationsble goods, and pollutants but not
between countries. It is assumed that these abatdswhnologies are available all over
Europe at uniform costs. The data come from botipmstudies. As the cost of
abatement is an increasing function of the degfedatement, the sectors and countries
differ according to the country- or sector-specdizatement efforts already assumed to
be undertaken in the base year.

» Substitution of fuels (all fuels): as the produntiof the sectors is specified through
nested CES-functions, some degree of substitutietwden production factors is
allowed. The demand for production inputs dependsredative factor prices and is
therefore influenced by additional costs conveygeétwvironmental policy or constraints.

* Production or demand restructuring: in a generalilbgium framework sectors and
countries are interdependent. Environmental coimssramply additional costs that differ
across sectors or countries as they have diffepasisibilities for substitution or
abatement. This situation may further imply redurting, for example by inducing a
decline of a sector or a shift of demand to somatees.

4.1.2. The firm's behaviour

The abatement activities are modelled such asctease the user cost of the energy in the
decision process of the firm. When an environmemdal is imposed it is paid to the
government by the branch causing the pollutionsTias the following implications for the
energy pricemodelling:

 the price of energy, inclusive abatement cost ardd, is used in the decision by the firm
on production factors; it represents the user's @osnergy;

» the price of energy, exclusive taxes and abatew@stf is used to value the delivery of
the energy sectors to the other sectors;

» a price for the abatement cost per unit of eneap/been defined, because the abatement
cost is defined in constant price.

In modelling theabatement activitieghe instalment of abatement technologies isdrkas
an input for the firms and not as an investments Térmulation is simple and the abatement
costs do not increase directly GDP as it wouldodelled as investment. For the latter purpose
a depreciation and replacement mechanism would tealve introduced. The input demand for
abatement is modelled in the following way:

» the demand for abatement inputs is allocated tod#levery sectors through fixed
coefficients;
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 the total delivery for abatement is added to tliermediate demand and these inputs are
valued as the other intermediate deliveries.

4.1.3. The consumer's behaviour

The consumer's side modelling is rather similath® one used for the firm, with one
difference regarding the payment of the environaletaixes to the government. While in case
of firms, the environmental taxes are paid by twanbh causing the pollution, for the
households the tax is paid by the branch delivetimg product causing pollution to the
household. The environmental tax is therefore éxbads the other indirect taxes paid by
households. This has the following implicationstfoe modelling of the price equations:

» the price of energy in the consumer allocation glenj includes the abatement cost and
the tax; it is modelled as a user's cost of energy;

* the price of delivery of energy to the householdudes the pollution and/or energy tax;
» the abatement cost-price is defined.

The abatement expenditures of households are neddadl in the case of the production
sectors (allocation to branches through fixed ¢oefit and valued as the other deliveries).
They are not added to the private consumption andal enter directly in the allocation of
total consumption by categories, only indirectlyotigh the user’s cost of durables as they are
considered as a 'linked' consumption (to energgl)aae added directly to the consumption by
goods of production (i.e. the deliveries by brarscteethe households).

4.1.4. End-of-pipe abatement costs

The average abatement cost reflects annualisesl @odtthe value for the parameters in the
equation are based on the RAINS database. Thdwugions that were derived from this data
are represented by the marginal abatement costiidanc

mGa(a,) = B, - a,)",
where

A, degree of abatement of pollutaptof sectors,

Bps'Y s €stimated paramete(;gpS 20,),:< 0)

By integrating the above formula one obtains thal tcost curve per ton unabated emission
assuming constant returns to scale:

6;"2( ps):l-f;s [q )yps K, .

The degree of abatememt ; can be exogenous or determined through the inbplici
equation, imposing equality between marginal cbstbatement and tax (see bellow).

The abatement cost function of sectofor pollutantp, given the outputX, of this sector
and the degree of abatement is then
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Crr =y (a, JLEMP= T a, ) ( ef i fa UX),
where

ef,is: emission factor for pollutarp of inputi in sectors,

U; - share of energetic use of demand of input

These costs indicate an additional intermediateathelBI,is; the allocation of these
costs to the delivering sectors is based on thangstson of fixed coefficients. The main
deliveries for abatement technologies are investng@ods, energy (due to a decrease in
efficiency) and services (maintenance).

ABlpjis =tab,; Eﬁg,bs’
where

tab,; ;. :share of deliveries of sectofor abatement of pollutanp in sectors.

The price index of abatement per unit of energyfanch is determined by the prices of
the required intermediate inputs.

PCZbS = Ztabp,i,s |:@'-i_ti,s)[ll:)Yi !
wheret, ; is the indirect tax rate.

This allows for calculating the average abatemerst er unit of energy by branch in
value, corresponding to the abatement level:

ab _ b ab
Cos = PG LE
This cost will be used to compute the user costngfrgy which the firms and_households
use in their decision process regarding energytsmgdtor the variableﬁ:;‘f; and ABIlp,s the

al

corresponding valuespf’S and ABI ;; are evaluated analogously.

Including the expenditure for abatement in the cotaion of intermediate demand one
obtains the following input-output coefficienﬁss:

a X+ A~B|p,i,s
p

X, + Y ABlpis
p,i
wherea, is the I-O coefficient without environmental pglicnpacts.

If an environmental policy is linked to taxes orripés, there are not only costs for
emission reduction but for the actual emission edwss well:

Cols = CSTS(%,S) {1- a,) DEMY = ‘st( Q’S)EQI— 39 DZ( ef s o [ >§

The unit cost of an actual emitted unit of a p(aihttcETS( ap’S) depends ora, ; and the type
of policy instrument imposed. While an emissiomdtxd gives no extra cost to the remaining
emissions (:;‘fs( ap’S) = 0), emission taxes and permits lead tcfg(aps) greater than zero.
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The total costs of emission of pollutgnémitted by sectas are thus
Cra= Gt G
The end-of-pipe abatement costs of householdspe@fed in the same way except that
for each durable a separate abatement cost funistispecified. The cost prices of the inputs
are the prices of the deliveries to household (rysamption categories) instead of the input
prices of the firms. Using a matrix to transformaggment expenditure of households into

consumption demand by goods of production closesldbp induced by the modelling of
explicit abatement measures.

4.1.5. User cost of energy

In the model emissions are generated by energyuagpison only. Hence, the user cost
becomes a function of the price of the energy immd of the additional costs per unit of
energy linked to emission or the energy conteet,the tax a firm has to pay for its actual
emissions (and/or the energy) and the costs okatmtt depending on the rate of abatement
and the baseline emissions (and/or energy) coeficintroducing a new variable for the user
cost, PFU, _, its equations is, for each branghand each energy input,

is?

PFU,, =(1+t ) PY + @“DeﬁiD(i,s+Zp:([(1‘ 3:)0G4 a)+ B ap)]D eh. )5
where

Cen

S

: tax on energy,

eG : coefficient for energy content of energy inpyequal across sectors),
Xis - Share of energy related use of inpun sectors.

This user cost of the energy product influencesctisce between the energy products and
between aggregate inputs (as it is used in the{bacction of the energy aggregéfg).

The price of the energy aggreg®é, is then

PF, = {Z 5% [PFU, TUF ,
where
O,: distribution parameter of energy component
O: elasticity of substitution
FUi = PFU, g (t): price-diminishing technical progress.

The input price of electricity is affected only bese of the energy tax:
PEL, = PELU, = (1+ t; ) OPY,+ € Deg Dy,

Electricity and the fuels aggregate are componehtise unit cost functiorPD,. Hence, a
more restrictive environmental policy, which ingeaPFU, ; and PF, or PEL, will cause an
increase in the unit cost and consequently, irdéfator of total demandpy,.



-129 -

The price(1+ ti,s) [PY, remains the delivery price of energy by the endmgynches, for the
valuation of F, . This implies that the emission generating brapays the environmental tax
receipts, if there are any, to the government astdhre branch delivering the energy product,
as is the case for the other production taxes.€enwironmental taxes are clearly attributed to
the branch generating the pollution.

In the case of the households, in the absenceyoémavironmental constraint, the user cost
price of durable goodpiduri ) is specified similarly as follows:

Pour, = pj(r+5j +[[Epmp Eﬂ1+ r))+zl9l,j Eﬁ,j ,
|
where

r : interest rate,

0, : depreciation rate of durable gogd

t7: property taxes for durablg,

J minimum consumption of non-durablethat is linked to the use of duraljle

1, :
'|5|'j . price of linked non-durable goddincluding value added tax.

If emission costs for households are imposed, #e¥ gost-price of the durable goods is
increased by the costs of abatement as well asebgdsts for the actual emissions:

P,=R+ €“qu:+zp:([(1— Q,j)DEj( @:j)’L of D?j( ﬁj)]D o Euld)'

4.1.6. Abatement decision

Based on the above specification, the profit masiing firms decide whether to abate or
pay taxes, where the profit function takes theof@lhg form:

G, = PX,[ X,— VC,
whereVC, as the variable cost function.

To ease the notation we define an input pA¥&" that includes emission and/or energy-
taxes as well as indirect taxes.

PY* =(1+1)PY+ §“De.d3(i5+2p‘,[ &fis @li,s[@ B )+ B g)do- "a‘l)]

The variable cost functioWC, is then given by

n+2
VG =) v OPY®,

i=1
where
v, intermediate demand of inputby sectors.

As the indicesn+1 and n+2 denote labour and capitaPY:, is equal toPL and PY?:5
is equal tPK ;. The notification of intervals in the following egtions is suppressed.
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The first order conditions of the profit maximizifign serve to determine supply and the
degree of abatement. For the description of theremwental module only the latter is of

interest. As the abatement costs are not distihgdidy inputs, the formula for the optimal
degree of abatement of pollutaptcan be reduced to the following expression:

G, __ a}/(*;scI L@ﬁymz_zws ;([(CZZ( a,,)+ ¢y {a,){1-a ))}@iefp,im,i;
da,, PV oa . 4 54,
ol (o) la i)

- _Z (Vi CBF, T, o) B da

s(ela)redadioa)_

oa

p,s

(3.0 @ a,)¢ me [ Al ) €[ a)eo

Hence, given an exogenous emission tax ratep'bf(cef =% and mcﬁfs =0) the (cost
minimising) degree of abatement ; can be derived (numerically) by the following incgl

=

equation:

0G
=G (@) &l 8, )- =0
p,s
The abatement decision of households can be desivaithrly. To reduce the complexity
of the analytical solution, it is assumed that otilg fixed part of the linked non-durable
demand is affected by the end-of-pipe emission ool measures. Hence, the degree of
abatement is independent of the prices and quastfithe linked consumption.

The derivation of the cost minimising degree oftabeent can be reduced according to the
following expressions:
al] :ﬂ aZi apduri —
oa,; 0z 0R, 08,

p.J

B SN i L9 (COLEEN

= mCZ?j(ap,J)J’ ¢i(a,)* mei( g)d1- g)- £( a)=0
Under an exogenous emission tgR’ (cef =t and mcf;fj =0), the optimal degree of

abatement,, ; is given by the following implicit equation:

me ()= ¢
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4.1.7. The ‘State of the Environment’ module

The ‘state of the environment’ module computes @hmssions, their transportation over
different EU countries and the monetary evaluatbrthe damages caused by the emissions
and depositions. The analysis is conducted on ginarbasis, i.e. it assesses the incremental
effects and costs compared to a reference situdtiproceeds in three consecutive steps :

1. the computation of emissions of air pollutants frtme different economic activities,
through the use of emission factors specific tee¢hactivities;

2. the determination of pollutants’ transformation drahsportation between countries, i.e.
the trans-boundary effect of emissions;

3. the assessment of the value of the environmentalagdas caused by the incremental
pollution compared to a reference situation in ntaneterms.
ad 1. Emission calculations start from the potémtiaissionEMP? a sectors produces before
end-of-pipe measures have been undertaken. Thessi@ns are linked to the endogenous
output, the price-dependent (endogenous) inpufficesft, the exogenous emission factor and

the share of the energetic use of the input demand.

EM%ZZ%MQ%mQySim,

where
ef,is: emission factor for pollutant using inputi in the production of sectar,
ef,:s =0 for i Zemission causing energy input,
His : share of energetic use of demand of inpin sectors,

a.

is

[ X,: intermediate demand of inputfor output X, in sectors,
| : set of inputs.
For the households we write analogously:
EMHZT = > ef Ouy O, 02" i O,
where |
ef”

p.i.j

durable goodj, ef, |

: emission factor for pollutanp using linked non-durable good to operate
=0 for i # emission causing energy input,

,Lli*fj : share of energetic use of demand of linked naradole goodi to operate durable
good j,

o Qjﬁx: fixed part of the demand for linked non-durableod i induced by use of
durable good; .

i 01, :setof non-durable goods linked to the use oéble good; .

Installing abatement technologies reduces totakgioms. With respect to the degree of
abatement specified above one obtains the abatisgiens EM?’, or EMH?’..

ab _ pot
EM,s=a,LEM
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ab _ Ah Jo]
EMH, = a) | CEMH®'.

0]

(2]

The remaining actual emissionEWlpfS or EMHgfj) are then given as residual:

EMS, = EMPY - EMZ, = (1- 3, ) DEME"
EMHS, = EMHP - EMH® =(1— ap,j)DEng?;

The actual emissions of primary pollutants are tleleted to the use of energy sources, the
rate of abatement, the share of energy use ofd¢headd of inputi and the baseline emission
coefficient of a pollutant. Hence, for every padiat, sector and fuel, a reference baseline
emission factor is needed, relating the baselinssgams before abatement to the energy use.
The emission coefficient must be related to therggneonsumption in monetary term. A
conversion factor (from energy unit to monetarytuisi derived from the base price of energy.
Moreover, at the aggregation level of GEM-E3, egezgnsumption by branch includes both
energy causing and not causing emissions, therefquarameter reflecting the fraction the
energy used in its own production (paramedeis also computed in the data calibration.

ad 2. This step establishes the link between agehanemissions and the resulting change in
concentration levels of primary and secondary pafits. The model accounts for the transport
of SO, NO,, VOC and particulates emissions between coun{peggrids). In the case of
tropospheric ozone (a secondary pollutant), besibestrans-boundary aspect, the relation
between VOC and NQemissions, the two ozone precursors, and the lefebzone
concentration has also to be considered.

The concentration/depositigiiiM) at timet of a pollutantip in a gridg is, in theory, a
function of the total anthropogenic emissions befome t, some background concentration
(BIM) in every country, and other parameters such asarmbgical conditions, as derived in
models of atmospheric dispersion and of chemiaadtrens of pollutants:

IMip,g (t)Eimip,g (EMp(t' <), BIMip,g 1),..0p,0),

For the model, the equations are made static amgtbblem is made linear by transfer
coefficientsTPC. They reflect the effect the emitted pollutantghe different countries have
on the deposition/concentration of a pollutant npai specific grid, such as to measure the
incremental deposition/concentration, comparedreference situation:

AIMip,g ZZZTPCp,ip[g,f] [AEMp,c;
p ¢

where TPCJ[g,c] is an element of the transport matRC with dimension GxC. In the models
the grids considered are the countries and depo&bncentration levels are national
averages.

As far as global warming is concerned, the glolalospheric concentration matters only,
which is only a function of the total anthropogeeamission of greenhouse gases:

ACG,, ()= ACC, (1= CG, (ATAEM, (t' <1)..0p) .
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and then, the concentration of GHG's (greenhousesjamust be translated into radiative
forcing R and global temperature incredsg

R()=f,(ACG, (t Dip),
AT(R)= T,(R() -

ad 3. The approach followed in damage evaluati@misely based on the framework and data
derived in theExternE project though at a much more aggregated level. Followtimg
‘damage or dose-response function approach’, tbeemental physical damage DAM per
country is given as a function of the change inodé&n/concentration,

ADAM cip 4 (t) = danfcip a (A IMip,c (t),..01ip),
In the case of global warming, damage is a funatiotiie temperature rise,
ADAMG oewar A1) = danbioswar d AT(Y),..) .

The damages categories considered in the model are

» damage to public health (acute morbidity and midytachronic morbidity, but no
occupational health effect)

* global warming

» damage to the territorial ecosystem (agricultuie fanests) and to materials.

For the monetary valuation of the physical damageluation function VAL is used:
VALS(t) = vals (A DAMg 4(t),.. Od) .

The economic valuation of the damage should be doase the willingness-to-pay or
willingness to accept concept. For market-goods, taluation can be performed using the
market price. When impacts occur in non-market goddree broad approaches have been
developed to value the damages. The first onectimtingent valuation approach, involves
asking people open- or closed-ended questions hieir willingness-to-pay in response to
hypothetical scenarios. The second one, the hedmite method, is an indirect approach,
which seeks to uncover values for the non-markgtextis by examining market or other types
of behaviour that are related to the environmergudstitutes or complements. The last one, the
travel cost method, particularly useful for valuingcreational impacts, determine the WTP
through the expenditure on e.g. the recreationpacts.

4.1.8. Instruments and policy design

While standards can be imposed on emissions omenge, taxes and permits can be
based on emissions, energy content, depositiors,damage. There is a wide range of tax
proposals concerning the tax base to be used.ifitlisdes pure energy taxes, pure emission
taxes, and mixtures of both with varying weightshaf two.

The permit designs suggested by environmental enmi® reach from undifferentiated
emission permits to regionally differentiated enmaspermits. GEM-E3 is able to analyse
undifferentiated emission permits and ambient disgh permits. The latter consider the
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source and the sink of an emission geographicallya country level). It is also intended to
analyse permit systems that are based on the dacaaged in the countries. This application
could give a rough estimation of the economic e¢ffend the financial transfers due to an EU-
wide implementation of the polluter-pays-principle.

Using market-based policy instrument requires aeaaf information about how these
instruments should be implemented in practice. irfukides e.g. the purpose of tax receipts or
the principle how permits should be allocated atiiji

Principally there are many ways of refunding theengts raised by emission and/or energy
taxes. Not all of them are reasonable and onlyadie in the current political discussion. In
GEM-ES the following refunding mechanisms wereadtrced and tested:

» government keeps the tax receipts and reducescpdélicit (e.g. in order to fulfil the
Maastricht criteria)

* government uses receipts for public consumption @mwestment (e.g. expecting to
reduce unemployment)

* lump sum transfer to households

» tax reform 1: social security rates are reducedr@icg to the tax receipts (double divi-
dend analysis)

» tax reform 2: taxes on firms and capital incomelanered according to the tax receipts.

For the permit markets a variety of designs is bssThe initial allocation of permits can
be based on the grandfathering principle or oniaoeéring. In a grandfathered allocation per-
mits are given free of charge to the polluters etiog to their actual emissions or a compa-
rable rule. If permits are sold by auction, an addal income for the government is raised, for
which again an appropriate refunding mechanismd&® chosen (not interesting at this level
of analysis because it is equivalent to a tax) eD#spects, like the duration of permits (limited
or unlimited) etc., are supported by the curremsiem of the model.

GEM-E3 supports the simulation of market-basedrumsénts (permits and taxes) on a
national and/or on the multinational level. The nmaitional level can cover a selection of
some countries only or the entire EU-15. This feattan be used for permit markets as well.
They can be installed on a national and/or a maititimal level where permits are traded
between sectors and countries. All kinds of exeomgtican be simulated, i.e. taxes and permits
can be introduced for some sectors or the housgloolly.

The GEM-E3 model’'s environmental module has beeplemented in a single country
model developed for Hungary (see Revesz, T.- Z&lai; Pataki, A. [1999] ). In this model
(called HUGE i.e. HUngarian General Equilibrium mddwe developed a generalized
(nested-CES-type) welfare function was used, inctvl@nvironmental quality enters also as a
third component, besides the consumption and keidarthis model it is also possible to select
from among several closure options depending orptissible environmental policy concern,
e.g. endogenous emission tax rates, several meachanior recycling environmental tax
revenues.
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4.2. Multiple households

Rising inequality, deprivation, and poverty areedirconcern of the economic policy. In
addition, policy goals are influenced by indireé¢teets of differential development of the
individual social groups. Since the savings raté @ansumption pattern of the strata are quite
different, demand for the products and hence enmpéoy of the individual industries depend
very much on the within-household sector incomaerithistion. Similarly, shifts within the
household sector influence other macroeconomiceagges too, like import or investment.

Representing multiple households and their relahgs with the labour market and
income distribution is a common practice in CGE gled Several applied modelling
experiences can be found in the literature, ini@aer within the stream of CGE models used
for policy analysis in the World Bank (see, for eyade, Harrison et al [2002], Kalb [2000],
Shoven, J. B. and J. Whalley [1998]). Among thejgmoparticipants, P. Capros, D. Van
Regemorter and Zalai and Révész have also condustgdrately and collectively, several
successful CGE modelling exercises with multiplageholds in the past.

However, including more than one representativesébald into a CGE-model arises
various conceptual and technical problems.

In the models of multiple households each claghe@i receive labour and capital income
from each sector according to specific distributsmmemes. Household classes also receive
government transfers, pay income taxes. Their gavoan be represented either as a fixed
proportion of their after-tax income, or determirtedether with their consumption of goods
and services based on the usual assumption dfyutilaximization subject to their budget
constraints, each of the household classes hatarogvin preferences.

The construction of the household accounts usymtbgeeds as follows. First a wage and
salary distribution matrix is created by combinimglustry-occupation data with average
salaries, and then mapping the earnings by indaldwaccording to their occupations to
households. Capital-related income by industryggragated into an economy-wide enterprise
account and then mapped to household classes auwgpda data derived from individual
income tax returns and/or household budget sur{i¢BS)-". The statistical data on individual
income tax returns forms the basis also for cdiibgahousehold related income taxes and
government transfers. Personal consumption is gisggted according to various household
classes using data from the Consumer Expenditumve$u Household savings can be
determined as the residual income (income-expemitor its estimate can be based on the
data of specific sociological surveys on savingsaveour and its amourit.

The consumption behaviour of each household classbe modelled by using the same
type of expenditure system as in the standard esihgusehold GEM-E3 models, but their
coefficients will of course differ from one housédhalass to another, reflecting differences in
tastes and habits. As a matter of fact, empirieatarch shows that preferences differ across

1 1n some countries this aggregation method carather problematic when certain household types farmers) capital
endowments concentrate on specific sectors (aguie)l

12 The training document MultHh-Hu05.doc provideseasample how HBS data can be used to disgregateaiirsehold
related data of the GEM-E3 model.
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household classes according to differences in imcdevels, occupational, educational
positions and urban/rural residence of the clas$es. time series of the EU Consumer
Expenditure Surveys provide adequate informatiosisbor the disaggregated representation
of consumer expenditure systems in the model.

The choice of the household classes to represetiteimmodel is a practical issue that
depends first of all on available statistical datae choice can be based on the cross section
between three sets of statistical information: ¢basumer expenditure surveys, the industry-
occupation data and the income tax return stagisiare income classes are not desirable,
because empirical research shows that income itheainly, not even the dominant factor in
explaining the differences in the consumer expemelisystems of various household groups. A
more common factor that explains these differemcéise occupational-educational position of
the family head. On that basis, cross mappings laltbur skills and tax income categories is
also easier to define. The occupational-educatiaistribution of households is strongly
correlated with income distribution. Unfortunatelg, some countries - because of the poor
availability of statistical data - it is not posigitto differentiate classes according to urbantrura
criteria.

An advantage of using the occupational-educatia@lension for definition of various
household classes is that it makes it possiblepoesent societal and demographic evolutions
in the long term scenarios prepared for the mo#lela matter of fact, a multitude of factors
that are not necessarily resulting from changethéneconomic indicators simulated with the
model may explain the evolution in the future af thumber of households per class as defined
according to the occupational-educational dimensibhere have been attempts in the
literature to link such an evolution with the prjens of economic growth, income and the
labour market, however, there is poor evidence wlbeir direct causal (functional)
relationships that would allow the modellers tdule such a mechanism in the model.

Therefore, it is advisable that in the forecastthed number of households per class be
exogenous in the model, and be quantified as plathe construction of the exogenous
assumptions of scenarios. Evidently, to build sadtenario, one should implicitly relate the
evolution of classes with other exogenous assumgtisuch as population growth and regional
welfare convergence trends. Of course, one maythase assumptions across scenarios.

While the number of households per class is exaggpadetermined in the model, all
other changes related to their behaviour shall mdogenously determined. For example,
linkages between consumer choices per class, inqeeneclass in relation to the labour
markets, tax-income policy and industry-occupatideeels per class will all be endogenous
variables in the model.

Expenditures and labour supply in each class ofélooids should be modelled separately,
using the type of nested linear expenditure sydigntally applied in the GEM-E3 models.
Labour per class and capital can be assumed toelfecly mobile across sectors, but
imperfectly mobile across countries. Within eachurdoy the labour market must clear
according to an imperfect competition mechanisme {se example the labour market clearing
in the Worldscan model which is inspired from teeaarch work of G. Pissarides), through a
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nested scheme involving clearing for labour demangply and salaries at each class level and
globally at each country's economy.

4.3. lllustrative programs

The special programs accompanying this training emedt contain illustrations for
household disaggregation possibilities and soctemic group-formation criteria. The
MultHhMod-MENG.doc file describes the MULTHH.GMSqgram, a CGE model calibrated
for Hungarian data for 1998 distinguishing 3 sext@nd 10 household groups. The
accumulation capacity of the various household gsodiffer much are more than their
consumption levels and patterns, therefore onlyadyn models can illustrate properly the
different impacts of economic policy measures angtospects of the individual social groups.
To render this possible we introduced into our nhgdeup specific human capital (which also
can be accumulated by the “productive” part of pleesonal consumption), capital incomes
(imputed rent income and net interest) and growgzifip financial wealth. Consumption of
foreign tourists is also treated separately inmodel, since it does not belong to any resident
household groups. To make the model more flexibk r@alistic we also introduced a CET-
labour supply function, and alternative closurdsesu
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5. Statistical background of the GEM-E3 model

5.1.The primary data requirements of the model

To calibrate the parametét®f the GEM-E3 model, one has to get benchmark gatx on
the production technology (incl. emission of aillg@ants), consumer preferences (patterns),
prices, income distribution, savings and final dedsg Concretely, these data can be derived
from the following datasets, which list shows tmenary data requirements of the model:

1. ‘Symmetric’'l-O tableat basic prices and supplementary tables (impattixnif in the
original table import and domestic flows are notled together, matrix of indirect taxes and
subsidies, e.g. of the import duties)

2. Import duty matrix(import duties by commodity groups and supplieurddaes). It is
not always necessary (the vector break-down by oodityn groups suffices), since it is
assumed that all duties are imposed on the imframs the ROW (within the EU there are no
such duties), but when some countries joined the sitide the benchmark year (see the
accession countries in 2004 and 2007) it can bg weeful to separate out those duties which
were applied to the trade with them (and then # teabe decided whether the model is to be
run so as if these countries had been already msmbthe benchmark year).

3. Foreign trade matrices(exports and imports by commodity groups and partn
countries). Usually the rows represent the comnyoglibups and columns the countries (or
group of countries). For the model each of the 27-d&untries (although Belgium and
Luxembourg need not be split) have to be treatpdragely, while the other countries need not
be broken down, so they will form the "Rest of Werld" in the model. The bilateral import
matrix is similar but by definition it refers toghmport flows.

4. Consumption transformation matr{jgonsumption by categories and branch of origin,
the last row and column show the VAT and consunmptiaxes by category and branch
respectively). Therefore the consumption matrixgfates the demand per consumer categories
into deliveries by branch.

5. Investment transformation matricbg institutional sectors (for each institutionattor
the matrix shows the investment by branch of origml by investing /destination/ branch).
Investment Matrix. Thefore the investment matrixnglates the demand of investment goods
by branches into deliveries by branches. The matriMch has been constructed to portray the
investment transactions between sectors of theednkingdom Economy, is showed in
Appendix 5.

6. Income distributior(national accounts) data, more specifically:

6/a: by branches: output, value added and its pyirdsstribution /wages, social security,
production taxes, production subsidies, operatimtys (preferably the amortization too)

6/b: by institutional sectors: income-expenditusdabce sheets (incl. saving and invest-
ment).

13 The list and meaning of these parameters canuyelfm the Para-dyn.prn file.
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7. Environmental dataThe environmental data needed for GEM-E3 covar fgpes of
data:

7/a: emission coefficient per type of activity fitre pollutants in the model, CO2, SO2,
NOx, VOC and PM (suspended particulates)

7/b: marginal abatement cost functions (including parameters for the input structures)
for the pollutants SO2, NOx, VOC and PM

7/c: pollutants’ transformation and transportati@iween countries coefficients to arrive at
air concentration and deposition

7/d: damage per pollutant and its monetary valaatio

Since there are no end-of-pipe-technologies fouced) greenhouse gases at reasonable

costs, the end-of-pipe abatement technologies derei in GEM-E3 are limited to the
primary pollutants S@, NO,, VOC and particulates.

In GEM-E3 we distinguish twenty emission relevaattsrs (firms) or uses (households):
the 18 branches, the heating systems of househaltiprivate traffic. A distinction has been
made between emissions linked to production andsan linked to energy consumption with
the same specification of the cost function.

8. Auxiliary data (factor endowment data, interest rates, inflatiate in the base year,
demographic data, foreign tourists’ domestic corgiion expenditure by supplier branches
and the related VAT and consumption tax, energwrizsd sheets, energy taxes, stocks of
energy consuming durable goods, share of gasohidegas-oil within motor-fuel demand,
share of non-energetic use of the energy care¢cs),

9. Data for special extensions of the model (midtipouseholds, financial module,
imperfect competition, etc.)

The GEM-E3 model needs the above data in the faligwreak-downs:
The GEM-E3 model identifies the following produsesttors:

NO. Sector Name NACE-CLIO R25 aggregation
(see the names in Appendix 1)
1 Agriculture 010 Agriculture, forestry and fishery
products
2 Coal of 060:

031 Coal and coal briquettes
033 Lignite and lignite briquettes
050 Products of coking

3 Crude oil and refined oil products | of 060:
071 Crude petroleum

073 Refined petroleum products

4 Natural gas of 060:
075 Natural gas

098 Manufactured gases
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5 Electric Power of 060:
097 Electric Power

110 Nuclear fuels
099 Steam, hot water, compressed air

6 Ferrous and non-ferrous ore and metaRk0
7 Chemical products 170
8 Other energy intensive industries 150 Non-metatiineral products

190 Metal products eept machinery 4§
transp

470 Paper and printing products

9 Electrical goods 250

10 Transport equipment 280

11 Other equipment goods 210 Agricultural and itdaisnachinery
230 Office and data processing machi
etc.

12 Consumer goods industries 360 Food, beveranems;to

420 Textile & clothing, leather, footwear
480 Other manufacturing products

490 Rubber & plastic products

13 Building & construction 530
14 Telecommunication services 670
15 Transport 610 Inland transport services

630 Maritime & air transport services

650 Auxiliary transport services

16 Credit & insurance 690
17 Other market services 560 Recovery, repair services, wholesal
retail trade

590 Lodging and catering services

740 Other market services

18 Non-market services 860

The classification of the consumption of househdigpurpose (‘wants’ or categories) is
listed in the table bellow (ND stands for non dieakand D for durables):
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Purpose Name Status | EUROSTAT code
Food, Beverages and Tobacco N 1
D
Clothing and Footwear N 2
D
Housing and Water N 31
D
Fuels and Power N 32
D
Housing Furniture and Operation N 41+42+44+45
D +46
Heating and Cooking Appliances D 43
Medical Care and Health Expenseés N 5
D
Transport Equipment D 61
Operation of Transport Equipment N 62
D
Purchased Transport N 63
0 D
Telecommunication services N 64
1 D
Recreation, Entertainment, Culture, N 7
2 |etc. D
Other Services N 8
3 D

It should be added that the above list shows tkalidituation. When some of the above
datasets or details are missing, one has to agptgic (proportionality, etc.) assumptions. In
case of inconsistencies certain balancing metheds. RAS) can be applied. In case of
different classifications one has to apply certemmsformation techniques.

5.2.Sources of the primary data

The sources of the above listed primary data categare the following:
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* |-O tables (usually at basic prices) and in manyntries the import matrices too (at c.i.f.
prices) are published by the CSOs (Central Steaistdffice of the given country) or by the
Eurostat (for the EU15).

* Indirect tax and subsidy matrices are eithepbag (as supplementary tables) by the CSO or
have to be estimated (e.g. by RAS) from marginsiobt from the CSO and the Budget

Reports (see the Hungarian example later). If grontnduty matrix is to be estimated, one can
use the www.wto.com web-site’s useful material tieg the effective duty rates by countries

and commodities.

» Trade Data of bilateral trade flows: for the EUb®Y can be found in the COMEXT. For
other countries, reference data for estimatingetridalvs can be found in the GTAP data base
(which we obtained for 1995 and 1997). For examplee GTAP project’s published
(simplified) export and import matrices for 1997o0shthe trade flows by 56 commodity-
groups and for 57 countries or regions.

Alternatively, one can use the annual Yearbook-aneign Trade Statistics publications or
electronic trade databases of the individual coesitrin the foreign balance of payments
several trade related data can be found (incluftinghe service trade) buti n many cases they
are somewhat different (due to methodological aiadtgral reasons) from the NA data.

» Consumption transformation matrix is estimated ugng available information on the

structures in the national accounts and consumpgtiatistics. When consumption statistics is
not available or its break-down by categories issuitable for the margin of the consumption
matrix, data (in fact for 2000) can be found in @ECD/Eurostat’s Purchasing Power Parity
project’s background worksheets.

» Tourist expenditures: There are country spedticveys for some years, or NA consistent
“satellite accounts”. However, their commodity beaown is seldom satisfactory or reliable.
Since indirect tax content (especially by branakakrdown) is usually not published, one has
to estimate them. The commodity structure of theisb consumption has to be estimated only
if the national consumption pattern has to be edtoh or when only HBS data (which
correspond to the national consumption concept) aualable for the estimation of the
domestic consumption structure. However, in the GEMmodel, for the time being the
domestic consumptions are dealt with, so it issnptesent problem.

* Investment transformation matrix is estimated byngisavailable information on the
structures in the investment statistics, and ttiema accounts and I-O tables.

» National accounts by sector and by branch (forBbd5 from Cronos of Eurostat), that -
after aggregation and supplemented by the Incosteliition data (State Budget Reports,
National Accounts, Foreign Balance of Paymentsan be used to complete the income
distribution part of the Social Accounting Matrix bountry.
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» Emission statistics for the atmospheric pollutaefgesented in the model can be found in
the RIVM (EDGARY*, IPCC, UN® and other sources. The Greenhouse gas emission dat
can be found in the http://cdr.eionet.europa.eeWghgmm/envrayfoa web-pages.

« The estimation of the abatement cost functionaiset on the RAINS data computed for the
CAFE project.

* Auxiliary macroeconomic data:

« Factor endowment data (capital, labour, employnstatks, etc.): these are usually found in
the CSO (employment) and ILO publications (e.gotabcosts including those which are
regarded to be production taxes or intermediatesos

» Demographic data: Total and active population datee collected from the ENERDATA
database but they also can be found in the natsba#dtical yearbooks and labour surveys.

* Interest rates, inflation rate in the base year; €SO, NB (National Banks)
» Energy balance sheets (by Eurostat methods): IEE[@Er Eurostat (if not available for
they are not public, one can estimate it from matigpublications as in the case of Hungary).

» Energy taxes and energy consuming durable gooda:daa be found in the national energy
authorities’ publications or in the OECD databadéany useful (including special) data
(e.g. the share of the gasoline within the motel fise) can be found on the World Resource
Institue’s® http://earthtrends.wri.org/searchable _db web-site.

» Data for extension modules can be found in spesdiarces. Of these we just mention the
case of the multiple household version of the modhich is under development for the
GEM-E3 model, but which can be found in many CGEles

« Data for household groups: The main sources areldlisehold Budget Surveys (or in some
cases separate Income and Expenditure Surveysgtises (for the stock of durable goods)
and Tax Returns (mainly for individuals). For ththes household group specific data
sources it is worth mentioning for example, the ¢hman Central Statistical Office
conducted and published surveys forltiter-household transfersee KSH [2004]).

14 The Netherlands National Institute for Public Hleaind the Environment/The Netherlands Environmeksaessment
Agency (RIVM/MNP) and the Netherlands Organizatiam Applied Scientific Research (TNO). 2005 and 20Tke
Emission Database for Global Atmospheric ResearBIGER) 3.2 Fast Track 2000 and 3.2. Acidifying gass2 (Sulfur
Dioxide): Extended Emissions 2000 and Aggregateds&ons 1990/1995. The Netherlands: RIVM. Electrafdtabase
available online at: http://www.mnp.nl/edgar/.

15 Mainly the country specific National Inventory Repprepared for submission in accordance with tine FJamework
Convention on Climate Change (UNFCCC) [including eledtrdxcel spreadsheet files containing Common Repprtin
Format (CRF) data]

16 Climate Analysis Indicators Tool (CAIT) version 3(@ashington, DC: World Resources Institute, 2005)ailable at
http://cait.wri.org. WRI calculates carbon dioxidwissions from 3 sources:

EIA. 2004. International Energy Annual 2002. Avhllonline at: http://www.eia.doe.gov/iea/carbomlht

IEA. 2004. CO2 Emissions from Fuel Combustion (20@4ian). Available online at:
http://data.iea.org/ieastore/co2_main.asp.

Marland, G., T.A. Boden, and R. J. Andres. 2005 b@lpRegional, and National Fossil Fuel CO2 Emission3rends: A
Compendium of Data on Global Change. Carbon Dioxiftatmation Analysis Center, Oak Ridge National Labangt
U.S. Department of Energy, Oak Ridge, Tenn., U.8Mvailable online at:
http://cdiac.esd.ornl.gov/trends/emis/meth_reg.htm.
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5.3.Data availability and problems

» |-O tables: For some countries the I-O tables werteavailable for the selected base year
(1995). In this case the I-O table had to be comapitom the MAKE and USE matrices (see
the example of Greece in Revesz-Zalai (2003)).

The first usual problem is that the break-downhaf O tables (and the nace 2-digit level
break-down of the national accounts data for braschre not sufficiently detailed in the case
of the energy sectors. It can be seen from thechralassification table in section 5.1.

The second frequent problem of the I-O tables & they are not consistent with the
National Accounts. The NA data figures differ frdhe 1-O table data mostly in the case of the
foreign trade flows, but to a less extent it isisdhe case of the gross outputs, wages, and
stock accumulation. In the case of the foreign drdthe national accounts contain certain
double accounting of the value of the materialbé@rocessed, or of the goods to be repaired
or reexported. Although in the I-O table (and otutmdicator) only the processing fee is
accounted as export, in some of the I-O tables seekport-like figures can be found, which is
rather difficult to explain within the standard C@kodelling theoretical framework, so it is
difficult to decide what to do with them (e.g. medt out, which however, for certain years may
result in negative net export values due to the tiag between the import and export of such
goods). This problem will be further discussed hglarhen we present the other problems of
foreign trade data too.

The NA also showed some phenomena, which is diffimutake into account in CGE
models. For example, in some of the national acsothe foreign sector had wage income
(Hungary, Austria) (from which industry?) and SSt€dme, while it paid indirect taxes and
received indirect subsidies (estimated tax corgéttie expenditures of the inbound tourists?).

Different I-O tables may account the imputed outpiubank services (FISIM) differently.
Ideally they have to be allocated to actual usesdirQating the interest margins by clients
using reference interest rates for the domesticfargign currencies), but this can not be done
accurately using just the figures of the I-O talblete, that in some countries (e.g. in Bulgaria)
the Statistical Office just eliminated the FISIM trgating it as the own-consumption of the
financial sector. However, it has certain problemajnly the resulting apparent negative value
added and the implicit assumption that the useicgire of the indirect services (interest
margin) is the same as the users of the directlyged banking services.

In the GEM-E3 model the NPISHs are aggregated thighhousehold sector (while in the
I-O table they have separate columns in the finakamption). So in the model we had to treat
the NPISHs as part of the household sector too. évew several coutries do not provide
enough data for the NPISHs (Jellema et al [20@4] the missing data have to be estimated.

» Foreign Trade Data: Apart from the above mentiopesblem of value of the double-
accounting of materials to Ipeocessedor repaired or the like), the most common probiem
the apparent inconsistency of the bilateral fordigule data of the partner countries, which
arises partly from the different valuation of thade flows (the import is at c.i.f. parity while
the exports are valuated at f.0.b. parity, so &aled c.i.f.-f.0.b. correction is needed), but
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also from different accounting methodology, cldsaiion and missing or false reporting. To
see the resulting differences usually mirror-checles one country’s reported import from an
other country is the same as the other countrygsnted export to the first country) are made
by commodity groups (branches) and partner coustrie

An other notable problem of these trade statistissthat they usually contain the
merchandise trade, but they do not include theices\(for which data are rather unreliable
and may be based on the foreign balance of paystatistics or specific surveys). A further
general problem is that exports and imports wahstom-free-zonésare not allocated to
countries of origin or destination.

In the case of the printed publication of foreigade statistics an additional special
fundamental problem is that it contains only thege trade flows, which means that it is
almost impossible to reconstruct the structurehefdaxport and the import with small countries
like Danemark or Portugal. The national accouna dat exports and imports by branch (in the
new Cronos database) are too bad to be used (Bui®surrently modifying them).

» Consumption related data: The macrostatistical data personal consumption by
categories show the domestic consumption, while [dB& by definition contain the national
consumption. Therefore, one has to estimate thi&steuconsumption by categories too.

» Investment data: From the New Cronos database st f@asible to extract information
regarding to gross fixed capital formation by btanchanges in inventories and acquisitions
less disposals of valuables. In addition informatom investments by product was available
through the main aggregates of EUROSTAT. Combitinginformation with the investment
structure derived from the projected tables thalfinvestment by product transaction could
be obtained.

The distinction of investments between the ingbndl sectors (Households, Firms,
Government) was made by incorporating the inforamatealised from the investment matrices
as well as from the respective structure of GregxkUnited Kingdom.

» Environmental data: Emission of air pollutants t@nestimated quite accurately from the
energy consumption data. However, in some casderomiemission coefficients — derived
from the EU15 practice - may result in rather uhséia emission estimates. For example, in
Hungary the extracted ‘coal’ is barely more tha@milie, so its (per Joule or per ton) emission
coefficients are far higher than those of any qmalducts within the EU15. Similarly the
modellers have to bear in mind that in the Balbardries fossil energy extraction practically
means only pet and oil shale which are not typpralduct neither of the coal nor the oil
industry.

» Auxiliary data: When missing, the capital stockyvéndo be estimated from the capital
incomes or amortization data (e.g in the case dftrda using exogenous type or industry-
specific amortization rates)

» Data for household groupdnter-household transfergsio not appear in the national
accounts since by definition their aggregate vakieero. Therefore we can not adjust
proportionately the HBS data for the macroeconotoial because it would set each inter-
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household transfer figures to zero. Hence one baintd another way how to assess the
representativity of the HBS'’s figures for the inteyusehold transfers.

The usual problems in the HBSs are the need fdassying the special categories to
scientific (national accounts) categories, the @nenepresentativity of the various income and
expenditure categories, the underrepresentatidheopoor, the rich, the overloaded, and the
mobile (moving, commuting, immigrant, etc.) houdekp the annualization of the data
(covering usually a period of one month or leskg matching of household incomes (and
consumption) with members, the imputation of migsiiata (in-kind benefits, various capital
incomes).

Apart these general data problems in chapter 8resept the Hungarian example, showing
how to cope with the missing data.



5.4.Data processing methods

Most of the primary data of the GEM-E3 model can filed into a SAM (Social
Accounting Matrix) scheme by which one can cheadk tlonsistency of the data and their
plausibility (by computing proportions and compagrithem with data of other countries.
Therefore, the construction of the SAM is the stgrpoint of the model building work.
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Figure 5.1: GEM-E3 SAM according to ESA 95 methodalgy.
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A SAM is a square matrix of monetary flows that atéses all transactions taking place
between the economic agents of an economy for errdeted year. The number of actors
constitutes the dimension of the square matrixc&yention, columns represent expenditures
while rows represent receipts. A schematic reptesen of the GEM-E3 SAM is shown in
Figure 5.1.

The balance is conceived as the tautological etyuédjuarranteed by displaying the
savings as a component of the 'expenditures’) betvibe sum by row and the sum by column.
In addition, a SAM ensures the fulfilment of thealfas law in the base year, since by
construction the algebraic sum of surplus or desfiof agents is equal to zero. The GEM-E3
SAM represents flows between production sectorgdymtion factors and economic agents.
The production sectors produce an equal numbeisthct goods (or services), as in the Input-
Output table.

Production factors include, in the SAM, only primdactors, namely labor and capital.
The economic agents, namely households, firms, rgovent and the foreign sector, are
owners of primary factors, so they receive incomenflabor and capital rewarding.

In addition, there exist transactions between tfents, in the form of taxes, subsidies and
transfers. The agents distribute their income betwsonsumption and investment, and form
final domestic demand. The foreign sector also makensactions separately with each sector.
These transactions represent imports (as a row)eapdrts (as a column) of goods and
services. The difference between income and spgr{dimconsumption and investment) by an
economic agent determines his surplus or deficit.

5.4.1. Processing the Input-Output table

As can be seen the I-O table occupies the uppetedingection of the SAM table. So the
first task is to obtain the I-O table data. HoweWer many countries such table is not available
for the selected benchmark year, or only the Supplty Use tables are available. The method
of the compilation of the I-O tables from theseléakis described in the SNA 1968 voluthe
A schematic method (using Hungarian data) of thi€xcel-worksheet can be found in the
MakeUse.XLSfile. This shows how the branch by branch (squarafrix can be obtained and
the import matrix separated of the matrix of doneeows. However, the method does not
deal with the conversion of the basic prices tasupeices (as it is sometimes needed, when the
use matrix is available only at users’ prices). &her shortcoming of the method used in the
MakeUse.XIs file is that, as one can observe, ditabugh the method takes into account that
exports and government consumption do not contayriraports, the inevitable assumption of
uniform import shares across the rest of the usesslted in too low (machine) import for
investment while too high imports for the othersig€aturally, the schematic method can be
refined, as needed by the user. Note that for ncanptries the import matrix is published (e.g.
Austria, Hungary), so the reclassification can beedseparately for the domestic and import
‘Use’ matrices.

17 A shortened version of this can be found in thedxix.
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For many other countries, which publish I-O andidf@l Accounts data only in the 2-digit
nace code break-down, nace sectors 11 (Crude @etnchnd natural gas; services incidental to
oil and gas extraction excluding surveying), 23K€aefined petroleum products and nuclear
fuels ) and 40 ( Electrical energy, gas, steam lawidwater ) have to be split first, before
aggregating.

In order to do that, one has to obtain data forotgut, value added, etc. their components
(industry statistics, more detailed SUT, etc.). itBpy can be done then by using
proportionality assumptions (like the 'industryfieology assumption' in the construction of
symmetric 1-O tables from the Supply and Use tgblessome countries, however, some of
the components are just missing, and 'row-wisetthde oil can be separated from the natural
gas quite easily, since it is used exclusivelyhsyriefinery industry, so the rest of the elements
of the row must be just natural gas. Also, 'gassestor 40 means only manufactured gas
(which has ceased in most of the countries) andyéisedistribution. The question is how the
natural gas is accounted for in the I-O tableshegitdirectly at the users or routed through
sector 40. Usually in the case of those big gassuskich get the natural gas via their specific
pipelines from their foreign supplier, this gas semption is accounted as direct import, while
in the case of small users and the retail tradentieect accounting is the common treatment.

When the I-O table is not available for the benchnyaar, stock accumulation data can be
estimated from the data of the CSOs’ specific imoBnsurvey, or in the case of energy
carriers, from the energy balance sheets.

Theaggregationof the data to 18 sectors can be done by theviolp procedure:

The aggregation starts from a G aggregator mahixaws, n columns, where N is the
number of the original sectors, while n is the nembf the aggregated sectors - in our case
25). This G matrix has to be filled so that if Poportion of the i-th original sector (output,
consumption, investment, export, whatever categopyst to be aggregated) will go to the j-th
aggregate then it should be P (in most cases ih eag there will be a 1 while the other
elements of G will be 0). If the aggregation isgaggregation (i.e. P = 1 or P = 0) then the
filling procedure can be simplified by designiny aolumn vector in which the i-th element's
value is just j. Then G is computed from V the awdtically so that G(i,j)) = 1 if V(i) = j,
otherwise G(i,j) = 0.

Then the aggregate of the A (NxN) matrix can beainletd by the GAG matrix product,
where G is the transpose of G (so multiply A from the lejt G while by G from the right).
Matrices which has to be aggregated only from dde Isas to be multiplied by G or GVore
precisely if the rows have to be aggregated, thek Ias to be used, and if the columns, then
the AG matrix product gives the result.

The advantage of this approach is that it can b dmsily ina n Excel worksheet and if
you change your mind of the aggregation scheméf @me original sectors even has to be
split or actually disagregated) you have just tadifyoV, and then the Excel formulas do all
the necessary changes in an instant.



- 150 -

For example for the Excel file which contains tlygmegation scheme from the 21 sectors
of the Hungarian I-O table for 1995 to the modé&Bssectors is in the '"dom’ worksheet of the
akm95d.xIs file. In this sheet V is in the E7:E27 cells (psl), in which the elements
corresponding to the sectors to be split are z8rbs.G matrix is in the E7:W27 range. The
rows of the sectors which are not to be split irirmd@ are computed automatically (although
in a little bit tricky way by using the ROUND funch and a big exponent to replace the time
consuming IF-s by a proxy characteristic function).

Note that for those sectors which have to be dpkn ideally separate matrices have to be
used for the domestic and the import, in whichrégpective shares are used for the splitting of
the domestic and import flows. However, for the dilneing we use only one aggregation
scheme in which for a given commodity the sameeshare assumed for the domestic and
import sources.

5.4.2. The compilation of the other blocks of the GEM-RBB/S

Combining the Input-Output data, adapted to magketes and to the national product
concept (instead of the domestic product conceyi), the data of the National Accounts by
sector allows building the Social Accounting Matiix each country.

TREATMENT OF THESEPARATEACCOUNTS

The allocation of the adapted Input-Output totats the different sectors, household,
government, firms and rest of the world is rathemightforward using National Accounts data,
and can be summarized as follows:

« The total labor value added is allocated to thesbbalds except for the part going to the
Rest of the World

* The capital income is distributed between househfdichs and government as in the
National Accounts

» The social security contributions are paid by hbotas to the government and to the firms
» Households and firms pay the direct taxes to tivemgonent.

In the SAM it is assumed by construction that absdies are paid by the government to
the branches (firms). In fact a part of the sulesidé paid by the foreign sector. In order to take
into account this issue an imputed flow was createthe SAM representing the difference
between the subsidies received by the branches tlamdactual subsidies paid by the
government (this difference is attributed to theefgn sector).

Since the government does not receive the sum eftdkes on product paid by the
branches (a part goes to the foreign sector) dagitneatment to the one applied on subsidies
has been established.

(i) Social security contribution:

The employers’ contribution had to be displayed ioranch break-down in the intersection
of row 'Social Security’ and columns of activiti¢eranches). In the case of Hungary, this
component of the labour income is transferred éohbuseholds’ account, who in turn pay it to
the government along with the employees’ contrinuti(in the intersection of row
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'‘Government: Social Security Revenue’ and columoubkeholds’). As an alternative solution,
this component can be displayed in the interseaioSocial Security’ and ‘Labour’, in order
to arrive at the value of the total compensatiorraployees.

(i) Interest payments:

In the GEM-E3 model interest does not appear eXlglias a separate item. Therefore, in
the SAM they were included in the row of (‘beforgarest’-) 'Savings’, which also included
the balance of the net interest payments (as gethayments were automatically used as
savings).

(iif) Capital and investment transfers:

They were treated in a manner similar to interesingents (i.e. as if they belonged to the
use side of the savings).

(iv) Dividends:

Dividends paid on foreign direct investment had ke displayed in the row of
'Expenditures abroad'.

(v) Retained profits:

With the exception of government institutions reém profits have not been explicitly
taken into account. Savings statistics, as a dades not include retained profits, so they do not
affect the row of 'Savings’. The foreign balancepafyments, for example, shows only the
dividends (distributed profits) and the resultinglamce is regarded to be the saving of the
foreign sector. Similarly, the state budget defisicomputed only by taking into account the
dividends of the state-owned companies, and theergavent saving is the net sum of the
deficit (-), government investment and interestrpagts, and the government investment and
capital transfers.

The retained earning of government institutionglisplayed in the intersection of row
'Gov. firms’ and column 'Capital’.

(vi) In-kind benefits:

The government financed part of them must be ireduid the ‘government consumption’
while the NPISHs provided part must be aggregateith wWhe households consumption
expenditures. This standard procedure may be neoddnly if in the analysis the personal-
social (collective) consumption is preferred to pinerate-government consumption distinction.
In this case the government provided in-kind besdiducation, health care, etc.) should be
included in the cell 'Households income from gowveemt’ along with other (cash) benefits.
The use of this income item shows up in the coomedmg elements of the column of the
‘Household consumption’. This allows one to separthie in-kind benefits out of the total
benefits.
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(vii) Other transfers:

Social (cash and in-kind) benefits, non-labour meoof the households received from the
firms, foreign aid, gambling income, penalties, tse(that were not accounted as imputed
output and capital income) belong to this category.

Statistical information, in most cases, do not awveho pays to whom these transfers (only
the net amount is known), therefore one is fregetect an agent (e.g. 'firms’), who is assumed
to collect and distribute these transfers.

(viii) FISIM (financial services)

In the data set of the GEM-E3 model FISIM is dimsited among branches in proportions
to their ex ante operating surplus (i.e. one cated without the cost paid for financial
services). By subtracting the cost of financiavems, as calculated above, one arrives at the
value of the estimated (ex post) operating surgias represents capital income. This amount
should be, in principle, positive. If it is not,espal subsidies are introduced to correct for the
negative number.

(ix) Direct taxes:

Apart from personal and corporate income taxes,h@aseto account here for the property
taxes, domestic (stamp, etc.) duties, local taxebs so on. Although they are not directly
proportionate with income, they correlate to incaim@ considerable degree, especially at the
aggregate level.

(x) Indirect taxes and Subsidies:

For the GEM-E3 model the ‘Subsidies’ row of the SA&bntains all subsidies,
independently from the fact that they are relateg@roducts or to domestic production alone.
In the case of Hungary, for example, we accoun&@ lthe production taxes (e.g. rents on
mineral extraction) as well, since they change ropprtion with the level of domestic
production.

Similarly, ‘Indirect taxes’ account for all (non-VIA taxes on products (e.g. fuel excise
tax).

The row ‘VAT contains all the VAT paid, irrespeesily from the area of use
(intermediate, household and tourist consumptiamestment, etc.). As a consequence, the
intermediate consumption has to be computed atprsms in the SAM too.

The foreign trade statistical data have to be ssdi@d to Input-Output table sectors and
adjusted to them so that the I-O export column khbe equal with the sum of the countries
(columns) of the bilateral export matrix. This atppent is needed partly for the mentioned
methodological reasons.

As long as no investment matrix exists in the maticstatistics, its column totals (demand
of investment goods by branch) are taken from thgddal Accounts by branches (Gross fixed
capital formation, by ownership branch), while tloev-totals (total deliveries by branch) are
taken from the corresponding column of the Inputgdt table. Finally appropiate
assumptions have to be made for every country ichgally to fill the matrix. We usually use
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the RAS-method, for which (initial) reference intrasnt matrices can be found in the OECD
Input Output Database. These data were availabléhéofollowing regions: Australia, Japan
and United States. For the compilation of investimeatrices for non-EU countries, other
countries’ already compiled investment matriceslmamnised as reference.

In Appendix 5 the UK matrix is given as exampleisTexample shows that the deliveries
were basically made by the branches of Other Endmggnsive Industries (number 08),
Electrical Goods (number 09), the Transport Equipnfeumber 10), Other Equipment Goods
Industries (number 11), Building & Construction fmoer 13) among industrial sectors and to
a lesser extent the branch which represents thketnialated services (number 17).

Investment matrices were available only for Greaod UK. For the computation of the
rest of the matrices the information available waes investment by branch and by product.
Since there was insufficient information on thensfarmation matrix a RAS procedure was
adopted. The initial tables for the RAS proceduszerbased on the Greek and UK investment
matrix modified appropriately in order to serve thgecific investment structure of each
country.

For countries where a consumption transformatiotrimexists, they are usually expressed
in consumer’s prices, i.e. they include the VAT dimel margins are included in the price of the
delivery and not considered as a separate delibgra service branch. For the use in the
model, the matrix has to be in producer’s prices &ith explicit delivery by service branches.
Therefore, the following corrections have to be mmad

» given VAT rates for the different consumer camg®m a consumption matrix without
VAT is computed,

 the margins included in the deliveries by braaoh evaluated as the difference between
the consumption matrix deliveries (without VAT) attne 10 deliveries.

* these margins are allocated between the serbieexhes based on exogenous parameter
compatible with the Input-Output deliveries of tedsanches.

For the countries, where such matrix was not ablg|ahe matrix was computed using the
following procedure:

[ [ Ithe consumption per consumer category is taken tr@mNational Accounts (final
consumption of households on the economic territbyypurpose) and corrected for the
consumption by tourist.

» given VAT rates for the different consumer catég® the total per category without
VAT is computed

o [I[]the total deliveries are taken from the Input-Outgables and appropriate
assumptions were made to allocate the total pegoses to the delivery branch.

If the the row margin (column totals) of the congtion transformation matrix shows the
consumption by the usual 12 COICOP categories bidealn, then 3 such categories have to
be broken further down (to be able to compute tbasemption by the 13 GEM-E3
consumption categories) according to the following:
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category 4 (Housing, water, electricity, gas andeotfuels) has to be split to water and
energy

category 5 (Furnising, household equipment andimeunhaintenance of the house) has to
be split to heating and cooking appliances anddhe

category 7 (Transport) has to be broken down totrdasport equipment, operation of
transport equipment and purchased transport conmg®ne

For the GEM-E3 model, several assumptions have besfe to allocate the EUROSTAT
energy balance sheet values to the branches addgisoof the 1O table:

1. energy consumption by energy branches : contusif solid fuels are allocated to
branch '2'. Combustion of liquid fuels is allocatedoranch '3'. Combustion of natural gas is
allocated to branch 4.

2. energy consumption by tertiary sector : theltetzergy inputs are allocated to the
tertiary branches on the basis of ratios derivethfthe 10 tables.

3. transportation : only LPG, gasoline and dieskea® used for road transport. The total
road transportation input figures are allocatetht different branches and households on the
basis of ratios observed or estimated for Beldfurfor the computation of the emission
coefficient, product '3' is explicitly split into feaction used for road transport purposes and a
fraction used for other purposes. The energy infarteon-road transport are allocated to the
branch transportation services.

4. manufactured gases: since the GEM-E3 |O-tablendio include transfers between
branches, the manufactured gases have to be haaslkedelivery of solid fuels '2'. Total blast
furnace gas consumption is allocated as a deligépyroduct '2' to branch iron and steel. A
correction is made for the demand of electricitythoé branch (efficiency = 0.4). Coke oven
gas used for 'power generation' and ‘'own consump#allocated as a delivery of product '2'
to branch '2'. A correction is made for the demfamctlectricity '5' of the branch '2' (efficiency
= 0.4). Coke oven gas used by 'l&S' is allocated dslivery of product '2' to branch iron and
steel.

5. non-energy use: the bunkers are allocated agligeny of product '3' to branch
transportation services. The transformation inpatadlocated to their respective branch, with
the exception of blast furnace gas which is alrdaatydled as relevant energy use. For the non-
energetic final input, the chem goes to branch ¢t&nand the other is allocated to the other
branches on the basis of 1980 ratios which arepatated to 1985.

With these computations, one obtains, for GEM-E& sheet with the relevant deliveries
of the energy branches to all branches and ond sligetotal deliveries. This allows for the
computation of the relevant fraction of total inpue. the m parameter in GEM-E3, which is
needed to compute emissions in GEM-E3.

18 Note that for example the Hungarian Energy Stesistyearbook contains in the Appendix the so-chlgJ-conform
balance sheets which shows the motor-fuel consemply industries too.
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5.4.3. The baseline emission coefficients
» CO2 emission coefficients

The CO2 emission coefficients are those used by @SRAT, in ‘Environment Statistics’,
if no country specific information available.

» NOx and SO2 emission coefficients

These emission coefficients have been computeddbaseéhe RAINS baseline scenario.
The SO2 emission coefficients are computed takimig account the sulphur content in the
fuel, the fraction of sulphur retained and the Imeating value of the fuel. The NOx emission
coefficients are those computed by Coherence inHEETOR model (1993). The NOXx
coefficients are fixed on the basis of technololgassumptions. Some corrections were made
when more complete information was available.

» VOC emission coefficients

Emission coefficients for VOC were added to theadase and were considered equal
across countries but specific to the fuel used.irTémurce is the following: Part 3, Default
Emission Factors Handbook, CORINAIR Inventory, 1992

> PM10 emission coefficients

These emission coefficients have been computeddbaseéhe RAINS baseline scenario.
Information about the contribution of each sectorthe emission of PM10 is coming from
ExternE project (stationary sources), VIA, RWTH 959 and TRENEN project (mobile
sources). ExternE distinguishes the main sourceBMIO for each activity within the fuel
cycle (mining, transport, electricity generatiotg. g however given the structure of GEM-E3
and PRIMES models, only the data for electricityeation (coal, lignite, oil and gas) was
considered. We assumed the same emission coeffibdenthe industry sector. For the
conversion from g/MWh to ton/PJ (stationary souycese used the efficiency of the power
plant considered and the conversion factor 3600Klk As for VOC, the emission
coefficients are assumed to be equal across ceantri

The parameters of ttebatement functionisave been estimated from the RAINS database.

Based on some further information, the followindivderies of abatement expenditures are
used throughout all sectors and pollutants.

Table 5.1: Break down of deliveries of abatemeciielogies (in % of total costs)

cost type % assignment to GEM-ES3 classificatipn
investment costg 77 equipment goods industries

labour costs 3 labour

waste costs and 12 services

other variable costs

fuel costs 8 main energetic input of the sector
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Matrices of Pollutant Transport and TransformatiGoefficients (Units: % of total
emissions, Columns: Emitters, Rows: ReceiversNiox and SO2 are derived from the EMEP
model.

Auxuliary data: when missing, the capital stockseh#o be estimated from the capital
incomes or amortization data (e.g in the case ddtda using exogenous type or industry-
specific amortization rates).

5.5. Techniques for estimating the missing data

5.5.1. Using proxies:

For example, temporarily lacking better informatiowe assumed that all stock
accumulation takes place in the sectors of origi the producers has to store them).

5.5.2. Computing as residual:

This can be done either from stock-flow and sowse-balances. One has to be carefult
not to select a relatively small item as residagice even the relative small statistical errors in
the larger items may result in extremely largetredaestimating errors in this small residual
item.

5.5.3. Routing through

When we can not tell who pays to whom we can udleatmmg accounts through which
these payments are routed through. This colleciiogpunt can be even the account of a
standard agent of the model (e.g. the transfer paysrare routed through the government).

5.5.4. ‘Rooking’

The ,rooking” method is well-known in the operatadmesearch. It is applied when certain
elements of the matrix have to be modified so thatrow-totals and column totals remain
unchanged. Usually a rectangle is selected and wieemodify one of its corners by shifting a
certain amount to (or from) an adjacent cornerusimmeously we shift the same amount but in
the opposite direction between the other two carmérthe rectangle. An application of this
method is described in section 6 describing th@nesion of the Hungarian consumption
transformation matrix.

5.5.5. Miniature programming methods

In some cases during the estimating process a-sewd or partial programming model is
solved. An example for this also can be found ictiea 6 when describing the estimation of
the Hungarian custom duty matrix, where in the fioeind commodity group specific standard
duty rates were estimated by minimizing the squamedr of the actual and estimated duty
costs of the individual users.
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5.6. Techniques for the reconciliation (adjustment techiques) of inconsistent data

5.6.1. The RAS-method

The RAS-method is generally applied for the adjestthof a reference matrix to given
margins (see Lecomber [1975], Polenske [1977], Rsum et al [2001]). The RAS-method can
be regarded as a bi-proportional adjustment, sintees to maintain the original proportions
of the column and row structures. An Excel-représ@n of the RAS-method can be found in
the RAS72x61.XLSfile, which can adjust an initial matrix up to 168ws and 68 columns
(shown in the C5:BR113 range). The procedure ignammmed so that first the row-wise
proportional adjustment takes place in the BW5:EH. 1thnge, then the column-wise
adjustment is done in the C118:BR226 range. Finbijyan Excel macro (which can be run by
pressing the Ctr-i buttons) the values of this eaage copied back to the initial C5:BR113
range, so that the BW5:EL113 and C118:BR226 rangesshow the adjustments of this new
reference matrix. This iterative procedure can égeated infinitely (by pressing the Ctr-r
buttons 10 such iteration steps are done) and lyst@lverges to a matrix which (as it can be
proven) is equivalent to the solution of a hypekbgirogramming problem (where the
objective function is the sum of certain ‘relateors’). However, in certain circumstances the
algorithm does not work properly: for example, whitve (subset) of row totals are not
consistent with the (subset) of column totals, iteeations lead nowhere (usually the some
elements of the matrix oscillate). This happensnigain ‘rare’ matrices like the investment
transformation matrix where only several rows ame main diagonal elements are different
form zeros’.

Negative element may also cause problems of theesgance of the RAS-iterations. In
some cases (mainly when in the column of the lH@deta stock accumulation there are both
large negative and positive elements while thd teta small number) they turn the sign of the
whole vector causing further inversions of the safjthe row- and column totals.

An advanced version of the RAS-method is the siedddlounded RAS-methdt

Of course, there are many more sophisticated madtabancing methods, which are
generally called entropy method (see a comparis@eweral such methods in Schneider, M.
H. — Zenios, S. A. [1990] ). However, most of thesethods (incl. the RAS itself) retains the
zero values even if we have information on its fpasivalue (e.g. technology development
leads to the use of new materials and services)yadkhoc treatment of this problem is either
the exogenous setting of this element or (if wendbknow its magnitude precisely) imputing
an initial positive value into the correspondingt{arto zero) element of the reference matrix.

19 The most extreme case is when in a selected roveaimmn there is only one non-zero element, heir intersection. In
this case, if the prescribed totals of this row aodumn differ, this single element tries to satifoth, resulting in
oscillating between them.

20 RAS-problems with exogenous elements can be trémmk to standard RAS-problems by setting to zero the

corresponding element of from the reference matnid by subtracting its value from the correspogdow- and column
totals (see e.g. the RAS2004.XLS file which upd#tes2000 Hungarian I-O table for 2004).
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5.6.2. The ‘additive’ RAS-method

When some of the elements of the row- or columngmar (totals) are zero, the RAS
method is not applicable since it would turn adireénts of the corresponding row or column
to zero even if these data should be different fmero. For example, when the Household
Budget Survey based income and expenditure datar@athe savings are treated as part of the
‘expenditures’) are arranged in such a format #@ah columns represent the incomes and the
expenditures of a given group so that the incomeslsplayed by positive numbers while the
expenditures by negative ones, the column totatsildhbe zeros by definition. To solve this
problem (without setting exogenously the total meoor expenditure of the individual groups)
| developed a so called ,additive” RAS method. 8iexpenditures are displayed as negative
numbers in the matrix of the household budgets (etee rows represent the items, and
columns represent the groups) the column-totalg dddinition - add up to zero. This makes
the RAS method inappropriate. Instead, the modife@tion method is the following:

Hi;= HOi,j+(HTOTj _ZH Q,jj_ SHj;
K

where H; is the new cell-value, HQis the previous cell-value, HTQTs the desired

column-total (in our case 0), and plik the original absolute value share. This method
adjusts the individual cells proportionately to ithabsolute value, but the direction of the
change depends not on the sign of the cell, biierabn the sign of the total discrepancy,
which has to be eliminated. By this method one eatimate the change in the income
inequality (shares of the individual groups witkie total) too. For example, when we applied
this additive RAS-adjustment to the 1991-1994 mkrim Hungary we found that relative
income position of the rural and larger househglés those with children) deteriorated.

A GAMS version of the additive RAS-algorithm (apgdlito the updating of the income and
expenditure data of the household groups) can tiedfin the Rasadd01.gms file, which uses
the RAS98.PRN as input (reference matrix, presdritmv margins) and which puts the results
into the RESULTS.RAS file.

The source code of a (Borland) Grersion of the additive RAS-method can be found in
the addras.cpp file, while its executable version is tlaeldras.exefile. The DOS-command
line for the running of this program is the followt

addras.exe <input_txt_file_name> [/it <number_dadrations >]

where the typing of the parameters in the [],<>cke#s are optional. The output is generated
on the output.txt file. An example is the following

Original matrix Column 1 Column 2 Desired row-tatal
Row 1 11 34 67
Row 2 13 14 38
Row 3 -24 -48 -85

Desired column-totals 20 0 20
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The results of the additive-RAS procedure is shbwithe following table:

Resulting matrix Column 1 Column 2 Desired row-tota
Row 1 19.778 47.222 67
Row 2 20.746 17.254 38
Row 3 -20.523 -64.476 -85
Desired column-totals 20 0 20

It can be seen clearly, that the zero column tfalColumn 2 is achieved so that the
structural information of the column is retained.

5.7.Summary

First the 8 main statistical datasets needed byGB#&-E3 model were listed and their
meaning was explained. Then conversion tables wereduced to show how the original
classification of these datasets can be conveddte break-downs needed by the GEM-E3
model. After discussing the usual data sourcesamadlability problems a general guideline
was given how to process the rough data and hoarrenge the processed data into the
standard data table forms of the GEM-E3 model. &incnewly accessed EU-countries have
few modellers experienced in such data processiathods, we devoted a section for the
discussion of techniques for estimating the missiata and for the reconciliation (adjustment
techniques) of inconsistent data. Here several odstland softwares developed by ourselves
were presented, e.g. the “additive-RAS” technique fthe bi-proportional adjustment
(balancing) of matrices with zero margins or thehrod for flexible and automatic aggregation
and disaggregation (implemented in Excel programs).
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6. Compilation of the database for the GEM-E3 model: lhe example of
Hungary

To help the prospective modellers of the newly ased EU-countries this section contains
a detailed case study which we present the whaleggs for compiling the Hungarian data for
the GEM-E3 model. Here we highlight several courangl year (in our case 1995) specific
statistical problems and the original way how we/esth them. This is intended to show that
although in the newly accessed countries theremamy similar novelties, but still there are
many common approaches and techniques in theiticolu

6.1. Domestic output and imports

We started the work by transforming the 21 sectlr diata for 1995 to the desired 18
sector breakdown of the project. We transformed ithport matrix and the matrix of the
domestic flows separately. The following re-classifion scheme shows that to which new
branch (represented by their serial number) thgira@i branches were put. More than one
values in one line indicate that the original brahad to be split, and the individual parts of it
were put to different new branches.

Name of Original Branch NEW
BRANCH NO.
Agriculture, hunting and fishing 1
Forestry 1
Mining and quarrying 2,4,6
Food and tobacco industry 12
Light industry 8,12
Manufacture of chemicals 3,7,12
Manufacture of other non-metallic mineral products 8
Manufacture of basic metals and metal products 8
Machine industry 9,10,11
Manufacture of products not mentioned above 12,17
Electricity, gas, steam and water supply 4,5
Construction 13
Wholesale and retail trade and repair 17
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Hotels and restaurants 17
Transport, storage 15
Post and telecommunications 14
Financial intermediation 16
Real estate, renting and business services 17
Public administration and other service activities 17,18
Education 18
Health and social work 18

The name of the new GEM-E3 branches and their oontas already presented earlier.
The splitting of the rows and columns of the I-@léabelonging to the above branches was
done proportionately to the output (or in the cak¢éhe import matrix proportionately to the
total import) share of its components. In doing @il but one output figures could be found in
the national accounts. In the case of the gas ptmfuand distribution sector (which is rather
important for the model) most of the output of teector is not published separately in the
national accounts. Instead, it is dispersed in’thi&gas extraction’ and ’refinery’ sectors
(which is the main activity of the large MOL compawhich, however, deals with gas-
extraction too). Therefore, we only could estimtte output of the gas sector as the sum of the
outputs of the gas distribution and oil&gas exii@ctindustries. In this way one part of the
gas-extraction output is overestimated, while ttreeopart of it is underestimated. Although
these errors more or less cancel out each othefutire operation of the model may indicate
that the estimate has to be revised (refined).

Of course, in general this proportionality assumptmay have to be refined in the future.
In the case of the import, for example, it may grde be necessary when by linking the
country-models, differences between the data of ifdort from Hungary’ and 'Hungarian
export to EU’ will be observed.

As far as the latter is concerned, from the impeettor obtained by the outlined
reclassification procedure, we separated out thetifade by using the merchandise trade
statistics. Note, that for the service trade wertitthave EU and non-EU breakdown, thus we
had to use plausible assumptions about the shabhe &U in our import of services.

6.2.Indirect taxes

In the next step, by a mathematical programminggutare (by minimizing the squared
errors of the estimate) we determined the impoty duatrix from the standard duty rates and
the duties paid by users. The resulting duty matam be found in rows 81-100 of the ‘IMP’
worksheet of the akm95d.xls file (table 7 of thetd®®pap.doc paper). Since the I-O tables
account the import matrix only at c.i.f. pricese tuty matrix was necessary to convert the
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imports to domestic basic prices which is the ofhimeasurement for quantities (volumes) in
the model.

However, this principle was not upheld in the cakthe domestic indirect taxes. Although
they are rather branch-specific (mainly due to ldek of VAT-refund apparatus for the
budgetary institutions, households housing investma&mall enterprises and agriculture) the
guideline required the accounting of these taxes al the rows of the branches. Since the
Hungarian I-O table is compiled at net (basic) gsicdhe indirect taxes are accounted by users
in a separate row of the table. Therefore the fatitect taxes had to be split to related inputs
(by branch affiliation) and added to the matrixtioé intermediate demand. Since the category
of net indirect taxes is rather mixed (e.g. theal®ales taxes are paid not after the inputs but
after the output), we separated its main componants distributed them among branches
according to their own characteristics (e.g. thel fax was added obviously to the row of the
,OIL” branch). The resulting intermediate indireetx an subsidy matrices can be found in
rows 116-161 of the ‘DOM’ worksheet of the AKM95[LLX file.

6.3. Investment transformation matrix

In the next step we compiled the simplified investinmatrix, i.e. investment by 18 sectors
of origin and by institutional sectors or agenthieTprocedure can be seen in the 'IMP’
worksheet of the file AKM95D.XLS, in rows 102-15Bhe two margins were available in the
I-O table and the NA respectively. During the pssethe main problems were the
identification of the own-account investment andige costs, and the transformation of the 14
investment destination branches to the 3 agentse e also had to use certain homogeneity
and proportionality assumptions. Concretely, weiael that investments in the same industry
has the same investment good structure whatevet egeoncerned. Note, that the households
investment is published together with the non prafstitutions (NPIS) investment, but
fortunately the latter is not significant (lessrifapercent of the sum of the two).

6.4. Consumption transformation matrix

The compilation of the consumption transformatiocatnm was based on a similar table for
1994 which we obtained from the HCSO. We had taawee several difficulties arising from
the different classifications, and different treatits of indirect taxes. The procedure can be
seen in details (incl. the formulas) in the 1lE95.XLS. In the following concise description
we refer to the corresponding rows of the last wbdet of this file in parenthesis.

First of all, we had to modify the original data /994 so that it be a proper reference
matrix for the RAS updating procedure. First, tteglé margins had to be separated out of the
expenditures (see the 'tax94separ’ sheet of tled. fln the next step, we aggregated the 34
categories (wants) to the required 13 categorieaksdown. Here the only serious problem
was with the last of the 34 original consumptiotegary. The problem is that this ,Correction
for the welfare services provided by the branchesin artificial category which is difficult to
incorporate into the standard aggregation schemeurately, this item is not significant or
important in the model either, so we simply omitte column and left for the RAS method
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to do the necessary adjustments. The resulting uoopison transformation matrix at
consumer’s prices can be found in rows 47-67 otdke(’basic’) sheet of the file LF95.XLS.

By the RAS algorithm we updated the 1994 matrig965 using the consumption statistics
and I-O data as prescribed margins. However, tcgesistent margins we had to convert the
I-O figures to consumers prices by adding the egttoh net indirect taxes by sectors (first in
the original 21 sector break-down, then convertedhe 18 branches of the model). These
indirect taxes were estimated in the following whyrst we computed the rates for 1994 and
then we proportionately adjusted them to the 1988l tas given by the 1995 I-O table.
Because of the proportional adjustment, the tatet@communication services was exempted,
being the only service for which the tax could lmenputed directly. This could be done by
taking advantage of the fact, that this is the @dgtor which has a match among the 'wants’,
so the tax could be computed as the differencedmtvthe figures in the consumption statistics
(at consumer prices) and the I-O table (at basoeg).

From the resulting domestic consumption matrix aipd to 1995 by the RAS method, see
rows 73-93.) we separated out the domestic andringpmponents and reclassified the matrix
from 21 branches to 18 using similar proportioyadissumptions as before (see rows 99-116.
and 122-139.). Then, by computing branch specifistam duty rates for the consumption
(based on the duty matrix), we could determine to@sumption-duty matrix and the
consumption matrix at 'uniform’ prices, i.e. consemprices net of the domestic indirect taxes
(VAT’). By subtracting the margins of this matrikom the total indirect taxes one can
determine the domestic indirect taxes by categod/lay branch as well (ranges C165:0165
and Q145:Q162). In the consumption matrix at 'umfoprices we had to do some corrections
since the proportionality assumption (applied ® ¢hemical industry) allocated too much fuel
to the ,medical expenses” category and on the oftteard too much medicines too the
Loperation of transport equipment” category. We m#tk correction by the ,rooking” method
well-known from the operational research (i.e. dieévery of the 'oil’ sector was shifted from
the housing and medical services to the want ofspartation and equal large delivery of the
'chemical’ products from the want of transportatitmn the housing and medical services).
Although the resulting matrix (see rows 145-162,emhthe corrected cells are in bold
characters) is not perfect yet for statisticians,the model in question it can be used without
any problem.

Finally from the so computed domestic consumptiairix we had to estimate the matrix
of national consumption (rows 169-186.). This wd Oy the proportionately adjustment of
each rows to the new row-totals, which we took fiie consumption column of the SAM, but
which in turn was determined by modifying the veatd the domestic consumption by the
balance of the inbound and outbound tourist's comgtion (by the 18 branches). The next
section tells how the tourist consumptions werereged.

6.5. Accounting for tourism

Tourist exports and imports had to be added to the emerpxport and import. This was
to be done in the SAM and the model does not djstsh between the two types of foreign
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trade. The estimated VAT content of the touristakpvas allocated to the row of ’indirect
taxes’.

Branch breakdown of tourism expenditures and reeemloes not exist in the official
statistics. We could, however, rely on various sysvand studies (HCSO Survey on Inbound
Tourists 1994, Horvath (1999), WTTC (2000)). Insthiespect the problem is not only the
registration of the expenditure pattern of the ummb and outbound tourists, but also we have
to get to know where they got the currency frong arhether the goods they bought were
registered in the already existing (production,stonption, etc.) statistics. Only by this one
could account the tourism consistently. For theetibeing we could only distribute the
spending of officially exchanged amounts (as shbwithe I-O table or the balance of payment
statistics) to branches.

6.6. The Social Accounting Matrix (SAM)

Finally, we filled the SAM form partly by the aboweentioned data, partly by the income
distribution data of the national accounts (NA)labae of payments statistics (BP) and the
Government Budget Reports (BR). Here some minorhattiogical problems about the
necessary content of certain cells and the placeofeseveral unusual categories still remain.
For example, the export subsidies could not beirgatthe column of the branches since the
original (I-O table) figures of the exports alreazhntain them. The related statistical problem
is that the Budget Reports (BR) and the NA shovediht figures for the aggregate export
subsidy (perhaps it is only due to the fact thatBfR usually publish cash-flows, while the NA
follows the ,due payment” or accrual approach).the source publish any break-down of
this subsidy (from the 1998 BR we know that in thedar 77 % went to the food industry and
23 % to the agriculture). As a solution, we accedrthe export subsidies as a direct transfer
from the government to the foreign sector (as asequence its direct relationship with the
export is not visible). Also there are further nrinaconsistencies between the data. For
example, it is worth mentioning the inconsisteneyween the ’dividend to the foreign sector’
figures in the National Accounts and the BalancePafyments statistics. Also for the
government net interest expenditure and (theotBticaeaningful) deficit we could derive
somewhat different figures from the BR and the NA.

The greatest problem was the unclear content adwsbudget transfer payments and their
relationship with the NA categories. It was verffidult to make sure that double accounting
is not made. Fortunately, we did not have to dealbssly with the capital and investment
transfers, since the model will not deal with theseplicitly. Interest payments are not
explicitly taken into account either. Thereforeg tbfficial figures for savings had to be
modified only by them to get the current (or prignar operational) savings.
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Table 6.1: The content of the income distributibthe 1995 Hungarian SAM
(SAM18HU3.XLS file’s SAM18 worksheet)

Content (in Million HUF) and source

Cell name Category (NA=National Accounts, BR=Budget Report)
AA31 Households' other transfer payments 361326) (dbtAer transfer outlays (routed through firms)
AA33 Households tax and duty payments 411965 (Mwhich 383744 was income tax)

894523 (NA)=698879+31007 employer (incl. imputed)

AA34 Households social security contribution +140478 employee+24159 other
AA4T7 Saving of households net of interest income , 888640 saving-138790 net interest income
Households' cash and in-kind benefits (routed
AB30 through gov.!) NA: 910459 cash benefits+763186imdibenefits
- =BR (1500+7302 rehabil.+433 defunct+5580 guarrantee
Non-export subsidies not accounted as
AB31 production subsidies +20384 extrabudg.funds) -29629 (NA42428 balancing
ABA45 Net foreign transfers of the government BoP:17%:69
=-361100 Flow of funds data by NBH+AJ23 (investment)
+(200100+138790-170450+AC23) net interest (resigiuall
. . . +(79247-37546)+12066+(28679-14141) inv. transfers
Primary saving of government (incl.
AB47 inv.transf. by LG,EBF too) -2500 coal correctici 7649 balancing
Households transfer and property income
AD30 without interest NA:485354 transfers+(196726-139f90@perty income
NA: 92301+22206 income tax of enterprises & banks
AD33 Firms' income tax, dividend to state +10912 dividend
+ - + - + -
Dividends other transfers +discrepancy 24200+(6700-3500+1500)-(143300+218500-130000
AD45 between the BoP and SAM for. trade acc. -301400-23300+25400)+(AG24+AG36-AB46-V46)
+ + + i - - 5
Saving of firms & banks, net of interest 370196+97547+(99572+26900) reinvested-(AC23-1704
AD47 (incl.reinvested profit) +2500 correction of coal sector’s saving
Saving of the foreign sector net of interest
AEA47 income =296500 current account deficit -200100imetrest
Zero (by GEM-E3 model’'s assumption.
AF36 Alternatively: Tourist export's VAT content)  may bstimated only
Y30 Households non-labor income of production 273520149 (NA), operating surplus+mixed income
+ + . -
Firms' capital income (enterprises, NPIS, 908765+2015+153609 (NA) op.surplus-16921 net other
Y31 banks respectively) taxes (rent on mining) (BR)+2500 corr. in coal sector
Y39 Government capital income 248182 (NA), operasnrplus of government institutions
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The following comments have to be made for the S#lls presented in Table 6.1:

AA31 An unpublished background worksheet of the HC3Owed that of the NA
accounted 361326 million HUF transfers paid by ltlhesehold 83 per cent (299942 Million
HUF) were ‘transfer expenditures in foreign curngndhe rest were insurance (43685) and
gambling (8186). Similarly, in

AD30 of the 485354 received transfers of the househ®lisper cent (436627) was
‘transfer income in foreign currency’. The rest eénsurance (40541) and gambling (8186,
apparently accounted as income received from ¢tbeseholds).

AA34 the ‘other’ SSC consists of SSC of the self-eyetl, the voluntary SSC and SSC
after people on unemployment benefit, child casedeand sick leave.

AB47 Non-households investment transfers were notighad in the NA before 2002.
Hence the data are estimated from the Budget Report

AD30 Household other property income consisted ofddind (35432), insurance (15132)
and (land) rent income (7372).

ADA45 Data for the net dividend income of the RoW ather different in the NA (58535-
3665=54870) and in the BoP (24200='direct investimenome’, where reinvested profits
were not included here yet at that time).

ADA47. Since in the NA savings are accounted after agbirg reinvested profits, here we
had to add them back (since in the transfer célitbkedSAM we did not account them for). For
the coal correction see Y31.

AE47 In contrary, in the BoP the current account defice. the mirror image of the
savings of the RoW) was accounted without computiregreinvested profits. Therefore we
did not have to add it back to the BoP figure fag savings of the RoWw.

AF36 If the SAM displays the domestic consumptionntm® VAT should appear here.
Even if the SAM displays the residents consumptiangd hence the exports include the
consumption of inbound tourists, the GEM-E3 modsumnes does not distinguishes between
the 2 types of the exports (enterprise and tousst)t assumes that all VAT is accounted for in
the column of household consumption. If the SAMKp@t data are at user’s prices (as in the
NA), VAT on foreign tourists’ consumption remaina@parated by definition. However, if I-O
table data are used, which usually at basic prites difference between users process and
basic prices (incl. export taxes and subsidiesehavbe accounted for somewhere in the
accounts of the RoW. In any case, in our SAM thdiferences (6504 tax-54712 subsidy=-
48208 net tax, i.e. negative net tax) are addeldedasic prices. It however means that exports
are not really at uniform (users) prices, sincesiffm consumers will have to pay the foreign
VAT and other consumer taxes when purchasing tbéymts exported by Hungary.

Y3land AB47 and AD47: The capital income of the ceadtor seemed negative in the
Hungarian statistics. However, it is impossiblettki@ze real cost of capital was negative.
Therefore we had to find in the Budget Report ffetunaccounted government transfer which
helped the survival of the coal sector. Howevetgrtbat these bailing out transfers usually
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take rather hidden forms, ranging from write-offgl greferential interest rates to equity lift-
offs.

After filling the above block of the SAM withoutéhresidual corrections (indicated by the
bold letters in Table 6.1), total savings and tetadumulation did not match exactly, but the
difference was surprisingly small (at least relatie what one would expect after learning the
above mentioned methodological inconsistenciescaverage problems). We concluded that
the remaining error certainly must be in the act®wh the government. It is not only because
of the above mentioned uncertainty in the inteeagtenditures, capital transfers and savings,
but also because of the incomplete or not guaredhtecorrect accounting of certain transfers
between the firms and the government. For exantipde(although small amount of) transfers
of the ,,non-profit institutions” are not necessaniroperly accounted for, since their account
in the SNA is also incomplete and the governmengktidata do not separate them out.

However, by determining some cells as residual {tseeesidual corrections in Table 6.1 in
bold letters), the SAM could be balanced easilyol@®.2 shows the aggregate balanced SAM.
Table 6.3 shows the aggregate balanced SAM comlvéotdEuros and after eliminating the
FISIM (as mentioned in section 5.3. and 5.4.1.)tWek the resulting SAM can be used by the
model well, but if any further corrections shouldoye to be necessary, the elaborated
framework will make it easy to do.

6.7.Bilateral trade matrix

As we have seen in section 6.1 for Hungary impatrives in 21 sectors break-down were
officially published for 1995 as a supplement foe 1-O table.

Bilateral (country by country) trade matrices hadé compiled for the export and import
turnover to and from the European Union (EU 15, ather ECE countries and the ‘rest of the
world’ (inclusive tourist expenditures).

In Hungary, the main problem with the available tiwred published data (Foreign Trade
Statistical Yearbook) was that in the case of erklt trade it contained only the largest
shipments, so in many cases the structure of tatftesmaller EU- and accession countries
could only be estimated. In addition, the publisdath by country was available only for the
20 main categories (sections) of the HS nomendaftor custom free zones the country
break-down was not available at all). Therefore,had to split Section 2, 5, 15 and 16 to get
the break-down by our 18 industries. A minor prables that within Section 1-3 there are
intermediate goods too, while we assign them ton%toner goods” exclusively. Similar
problems can be mentioned in connection with o$leetions too.

Trade matrices for merchandise exports and impgate been compiled by converting the
foreign trade data given in HS classification iINNACE classification, and aggregated into the
sector format of the GEM-E3 model.
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Table 6.2: The aggregate balanced Hungarian SAM 966
(in million Forints, 1 Euro=125,69 HUF)

Consumpt] Investmen
USERS--> Branches ion Firms Exports Tourist Total ts Change in  Total
Househol Househ.+
Brancheg TOTAL Labour Capital Total |ds Govern. Banks export Export NPIS Private Govern. Total Stocks

TOTAL of branches 5748257 0 0 0 3723955 617700 219248 0 1849552 223495 2073047 281848 678717 164824 1125389 218346| 13725942
SSC 729886 0 0 729884
Wages (withoutSSC) 1905116 0 0 0 1905114
Capital 2297832 0 0 2297831
Total Value Added 4932834 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 4932834
Actual Output-Subs 10681091 0 0 1068109
HHS 0| 2635002 999682| 3634684 1673645 0 543290 0 0 0 5851619
FIRMS 0 1049968 1049968 361326 47998 0 0 1459297
Indirect Taxes (net) 134653 0 0 134653
Direct Taxes 0 0 411965 0 125419 0 0 537384
Social Security 0 0 894523 0 0 894523
Subsidies&mine rent -63883 0 0 0 -63883
VAT taxes 580257 0 0 0 0 0 580257
Duties 249430 0 0 249430
Gov. Foreign 0 0 0 0
Gov. firms 0 248182 248182 0 248182
Total Taxes 900457 0 248182 248182 1306488 0 0 125419 0 0 0 0 0 0 0 0| 2580546
Distr. Output 0 0 0 0
EC 1249273 0 0 1249273
NON-EC 762810 0 0 762810
Total Imports 2012083 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 2012083
Expend.abroad 132312 0 1634 0 23418 0 157364
Total Imports 2144395 0 0 0 1634 0 23418 0 0 0 0 0 0 0 0| 2169447
Savings Q 0 459850 239568 0 547917 96400 96400 1343734
Total Resources 13725943 2635002 2297832 4932834 5851619 2580545 219248 1240044 1945952 223495 2169447 281848 678717 164824 1125389 218346| 32063416
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Table 6.3: The aggregate balanced Hungarian SAM366 (in Millions of Euro)

Total Consumption Total I nvestments Total Change in Total
Total | Labour|Capital| Total | Househ.| Govern. | FIRMS | Exports | EXPOrts [ Househ. ‘ Private | Govern. | Investm. Stocks
Total 36 701 0 0 0 22 896 3798 0 12 745 12 745 1733 4173 1013 6 919 1342 84 402
Wages 11713 0 0 0 0 0 0 0 0 0 0 0 0 11713
SSC 4 487 0 0 0 0 0 0 0 0 0 0 0 0 4 487
Capital 12 779 0 0 0 0 0 0 0 0 0 0 0 0 12 779
Total Value

Added 28 980 28 980
Actual Output 65 681 65 681
HHS 0| 16200 6 146 22 347 0 10 290 3340 0 0 0 0 0 0 35 977
FIRMS 0 0 6455 6 455 2222 295 0 0 0 0 0 0 0 8 972
Indirect Taxes 828 0 0 0 0 0 0 0 0 0 0 0 0 828
Direct Taxes 0 0 0 0 2533 0 771 0 0 0 0 0 0 3 304
Social Security 0 0 0 0 5510 0 0 0 0 0 0 0 0 5510
Subsidies -393 0 0 0 0 0 0 0 0 0 0 0 0 -393
VAT taxes 3568 0 0 0 0 0 0 0 0 0 0 0 0 3568
Duties 1535 0 0 0 0 0 0 0 0 0 0 0 0 1535
Gov. Foreign 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gov. firms 0 0 1526 1526 0 0 0 0 0 0 0 0 0 1526
Total Taxes 5 537 0 1526 1526 8 043 0 771 0 0 0 0 0 0 0 15 877
Distr. Output 65 681 0 65 681
Imports 13 184 0 0 0 0 10 144 0 13 338
Total | mports 13 184 0 0 0 0 10 144 0 0 13 338
SAVINGS 0 0 0 0 2827 1473 3369 593 0 0 0 0 0 7 669

Total Resources 84 403 16200 14127 30328 35987 15 866 7 624 13 338 12 745 1733 4173 1013 6 919 1342
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It is worth mentioning, that in spite of these fdewbs, the resulting data (see in the file
Trade95.xl9 are fairly consistent with what we could have, gnbvided we had access to
the more detailed (electronic) trade statisticke(lthe Polish partners had) in time. Later
obtained data (in 2 and 4 digit code breakdownhefHS nomenclature and in branch and
sub-sector breakdown of the origin of the product®)verted to the GEM-E3 model’'s 18
sectors break-down (see tA@adAgAc.Xls, TradSzag.Xls files for the exports to the
accession countries, therSzagEU.XIs file for Hungary's trade with the EU15, and the
EU15's exports to Hungary as registered in the GCandatabase and shown in the
Tradenis.xlIs file) show a satisfactory coincidemgth what we estimated from incomplete
(in the case of small countries fragmentary) datae exceptions are Hungary’'s export to
Austria, Greece, Great Britain and Spain, and Hoylgamport from Austria, Denmark,
Finland, and Sweden, where in at least 3 brandiegadtio of the two corresponding data
(coming from the different estimations) is closeotaabove 2. On the aggregate level (which
means that in quite a few countries) we observe tthde data in branch of origin break-
down resulted in significantly lower estimates foe GEM-E3 sectors of Agriculture, Coal,
Metal products, and Electrical goods than estimbssed on the HS-code commodity break-
down dataset. On the other hand, Chemical indudinergy intensive industries and
Equipments the former method’s estimates were |dkgr those of the latter.

In any case, in the following step we had to adjbsttrade data (already in the 18 sector
break-down) to the I-O table’s (also already aggteg to the 18 sector break-down)
corresponding (export or import) trade figures. lewer, since the value of exports in the
national accounts and the input-output tables dekxport subsidiesas well (they are at
basic prices), while the trade statistics dataemsentially at users prices (contract prices,
usually on fob parity), they had to be separateanfthe 1/0O table figures and displayed
among the subsidies. Export is measureicbat. priceswhereas import at.i.f. prices™.

The adjustment eliminated not only the above maetio(mainly aggregation) errors, but
also eliminated those discrepancies which weretdube different methodology of the I-O
table and the trade statistics (as discussed eanlieslation with the processed materials and
the like). However, in the SAM tourist exports also added to the total exports, although
we do not have any information of its country brelakvn. In this case we can assume that
the country-structure of the tourist spending s $ame as that of the company conducted
foreign trade. If this again causes assymmetrioitythe estimated trade flows between
countries, it can be eliminated either pair-wisepoly at the aggregate level of the EU or the
world market.

Data for foreign trade ofervices(as found in the I-O table) is usually not avdiain
country break-down either, and even its industgakrdown information is not very reliable
(usually they are rather different from the ForeBalance of Payments statistics, which, by
the way, has a different break-down of the sertrigde). In any case, the GEM-E3 model has
a subroutine which deals with the balancing of #asvice trade on the aggregate EU- and
world market level.

21 Note the calibration module of the GEM-E3 estirsatee difference between the export and importeprias linked
export of transportation and other services.
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To estimate theustom dutyata, one could use various sources on foreigie tata and
official tariff rates. Based on the above inforroatiduty matrices have been estimated,
making use of proportionality assumptions (withie blocks of the EU and ECE countries,
as well as commodity groups). For Slovenia thers mare detailed information available so
that it produced more differentiated duty ratesittiee other countries. It is interesting to note
that the Hungarian custom policy treated Poland%indenia almost the same way as the EU
countries.

6.8.Energy balance sheets

The GEM-E3 model requires rather detailed and Elfodt data on emission. For the
EU countries these are computed from appropriatidgigned (based on the Eurostat
methodology) energy-balance-sheets. Some sortseofjg balance sheets are available in the
accession candidate countries, as well, their foimehowever, usually different from both
the OECD and the EUROSTAT energy balance formake @stimation of EU-comfort
energy balance sheets required reclassificatiomsr@g types, types of plants, activities or
purposes of energy final demand, etc.), imputatighkst furnace gas, coke-oven),
standardizations (statistical and distributionaskes, auxiliary use of transformation, etc.),
and proportional adjustments, which meant much ang effort.

When the energy matrix is compiled directly fromio@al energy statistics, the following
guestions have to be asked:

Brown and hard coal are separated?

What types of power plants are distinguished?

Heat and electricity generation are separated {iapd outputs)?

How the coke-oven and blast furnace inputs andutsitipeated (conversion!)?

Within the uses: technology, transportation, matefieedstock), conversion (heat
generation) uses are separated?

How the own consumption, auxiliary consumptiontrébsition losses are treated?
Are there any fictive (statistical) losses accodniethe electricity data?
Is the industry classification in conformity withe GEM-E3?

Although we managed to get a copy of the offic@®3 Energy balance Sheet, its format
was different from both the OECD and The Eurostetrgy balance formats. The necessary
reclassifications, standardizations and proporticadjustments required much time and
effort. A notable problem was the aggregate acaogrdf lignite and (brown and hard) coals,
although their separation would have been neces$arya reasonable estimate of
environmental (air) pollution. The resulting energglance sheet can be found in the
Enbal_hu.xIsfile. Further details can be seen in the cell-cants of this file.

6.9. Emission data

We could not identify any estimates related to smisin the format and detail required
by the model. Therefore we had to use an indireethod (using energy consumption
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specific emission coefficients) to estimate thersdoaon the energy balances. The method
(which is executed by a specific GAMS program whiesis developed for that purpose) is
described in detail in the GEM-E3 manual (Caproal.€1997)).

In the case of Hungary we could obtain an emissiairix prepared for 1994, which had
a 25 branches break-down. To transform the datativ required 18 branches break-down
one had to split some of the branches. This tuimédto be a rather sensitive operation,
which resulted in some places in odd coefficieste(the results in tHeunemi95.xlIsfile).
Nevertheless that made it possible to estimatessonisoefficients in two ways for Hungary.
That made it possible to test the results of tlevalmentioned GAMS estimates.

It was found that the emission coefficients estedaby the two different methods are, in
many respects, sufficiently close to each othelth@ugh, apparently mainly due to the
aggregated accounting of different types of cda, EBAMS estimate — which was based on
average EU coefficients for SO2 — resulted in oaohe third of the expected figure.)
Comparing the results obtained for the three caesmitand Austria (as a reference EU
country) gave us enough confidence in the relighdf the applied method.

For many countries direct estimate of the emissiwatrix can be based on the the
Greenhouse Gas (GHG) inventory information publishey the so-called National
Communications. These documents are regularly ghixdi by countries that joined the UN
FCCC (Unites Nations’ Framework Convention on Clen€hange). The Communications
contains the GHG inventories in a unified formaig] dhe emissions are calculated uniformly
by the methodology developed by the IPCC (Intergmvental Panel on Climate Change).
All the EU countries has already joined the UN FC@@refore our spreadsheet model can
be used in each EU-member country. This seems tadre expedient than to use different
data sources and/or different methods to develegmhission module of the GEM-ES.

The ‘SAM18HUN.xIs’ file illustrates this processrf@8005 for Hungary (see also in the
Emission-HuO05.docreport). Its ‘Emission’ sheet contains a spreaeshedel, which in turn
is based on another spreadsheet model, which wadoged for gathering all the necessary
energy data (see the ‘Energy’ sheet and&hergy-Hu05.docreport). Both the energy and
the emission data are gathered and processed inreb@ective worksheets of the
‘SAM18HUN.xIs’ file.
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7. Implementation of the GEM-E3 model

Since the GAMS software is not well-known in Cehiastern Europe and since the
GEM-E3 model uses only part of it, in this sectie summarized the structure of the
GAMS program of such CGE models, the main charaties of their solver modules and a
list of the most important syntactic rules. To makethis information more practical an
example program is given with explanatory commeitsally the GAMS-Excel interface is
presented, which shows how one can read in data Excel format and how one can put the
results into an Excel sheet. This is also illusaby an example, which is elaborated for a
price-model for Austria.

7.1. The GAMS software

The www.gams.com website contains the documentadimh the system files of the
GAMS package. The GAMS is a rather efficient anddelduilder friendly software to
handle and solve large nonlinear models with ‘eelhaving’ (twice differentiable, etc.)
functions in its equations. The latest versionhef GEM-E3 model is involves a system of
about 60,000 non-linear equations per time pefibe. GEM-E3 model has been successfully
transformed as a mixed complementarity model ahstdan GAMS using the PATH solver.
Previous attempts to solve the model in other swlualgorithms (as with MINOS and
CONOPT) have been unsuccessful mainly due to traefisdarge size and complexity.

The PATH solver on the other hand, has been suctesssolving very large scale
models and through the complemenetarity approaahithuses, enables the expansion of
GEM-E3 to include inequalities and a separate dp#tion energy sub-module.

The general structure of the GAMS programs arefdhewing (following the logic of
mathematitians):

Inputs Outputs

- Sets (SET) - Echo Print

- Data (Parameters, Tables, Scalar ) - Reference Maps
- Variables - Equation Listings
- Assignment of bounds and/or initial valuésptional)| - Status Reports

- Equations - Results

- Model andSolve statements

- Algorithm selection (for NLP: MINOS, CONOPT,
for system of equations: PATH)

- Display statement (optional)

An example for GAMS programs (transportation prabte

Sets

i canning plants / seattle, san-diego /

j markets / new-york, chicago, topeka/ ;
Parameters

a(i) capacity of plant i in cases
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/ seattle 350
san-diego 600 /
b(j) demand at market j in cases
/ new-york 325
chicago 300
topeka 275/ ;
Table d(i,j) distance in thousands of miles
new-york chicago topeka
17 1.8
18 14;

Scalar f freight in dollars per case per thousand

seattle 2.5

san-diego 2.5

Parameter c(i,j) transport cost in thousands of do
c(i,j) = f* d(i,j) / 1000 ;

Variables
x(i,) shipment quantities in cases
z  total transportation costs in thousands of dol
Equations
cost define objective function
supply(i) observe supply limit at plant i
demand(j) satisfy demand at market j ;
cost .. z =e= sum((i,j), c(i,j)*x(i,j)) ;
supply(i) .. sum(j, x(i,j)) == a(i) ;
demand(j) .. sum(i, x(i,j)) =g= b(j) ;

Model transport /all/ ;
Solve transport using Ip minimizing z ;

Display x.I, x.m ;

miles /90/ ;

llars per case ;

lars ;

The most important syntactic rules of the GAMS theefollowing:

Notation Meaning

$include filename The text of 'filename’ file isserted there

$(....) Conditional statement, executed only if the
statement in the bracket is true (or if the
value of the expression is positive)

LOOP Beginning a loop cycle
Declaration of an equation (instead of the [:
notation)

sum(i Summation over the set i

ord(i) (serial) Index of the elemenst of the set i

=e= Required equality (in equation definitions)

== Required less than equal relationship

=g= Required greater than equal relationship

Display x.| Writes the value of variable x to thet |

(*.Ist) file
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Solve transport using Ip minimizing z Solves the model (set of equations listed
within / / brackets in the declaration of the
model) called 'transport’ by minimizing the
value of the variable z using the selected (or
default) LP solver

The next section and the referred files contaithirrcomments on specific features (syntax)
of the GAMS language.

7.2.Reading in the data from CSV files and Excel tables

7.2.1. Import data from Excel to GAMS
Overview

Usually databases are given in Microsoft Excel agsbeet. A tool what convert
spreadsheet data from Excel to GAMS could be vegjul. The GAMS software has a small
add-on for this job, it is called XLS2GMS.

When running the executable XLS2GMS.EXE without omand line parameters the tool
will run interactively with a built-in GUI interfae Alternatively XLS2GMS can be run in
batch mode which is useful when calling it diredilgm a GAMS model using the $call
command.

The process is very simple. First of all, XLS2GMds data from the spreadsheet as a
text. Than the text is exported to a GAMS incluide (*.inc). Which can be read by GAMS
using the $include command.

Pros:

- Easily Import data from Excel to GAMS. GUI and batoode.
- Whensomechanges occur in the database, it's not necetsaeyvrite the GMAS
code; it's enough to reload the Excel file.

Cons:
- Sometime it is needed to edit the Excel file befmsing XLS2GMS.

- Row vectors can’t be imported directly, it's ne@yg2o make some modifications.
(See below).

Interactive use

When the tool is called without command line parears it will startup interactively.
Using it this way, one can specify the spreadshiee(.XLS file), the range and the final
destination file (a GAMS include file) using theilbin interactive environment.

Input file (*.XLS). This is the combo box to specthe input file.

Range. The range can be a single cell (e.g. Altlpek (e.g. B2:J23), or a region within a
sheet (e.g. Sheet1!A1:C10). The range can alsorzeme if the spreadsheet contains named
ranges.
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Output GAMS Include file (*.INC). This is the comliimx to specify the location of the
input file.

If the OK button is pressed the query will be exeduand an include file will be
generated.

Pressing the batch button will give informationlayw the current extract command can
be executed directly from GAMS in a batch environm&he batch call will be displayed
and can be copied onto the clipboard.

Y‘ xl=2gms

HLS2GMS Yerzsion 2.8, January 2005

Irput file [ =1z) (= Browse... _
Enwin Kalvelagen, GAkS Development Corp.

Fiange E Browse. ..

Cutput file [.inc) E Browze...

? Help

B8 Batch

| W 0K

Command line

When calling XLS2GMS directly from GAMS we want &pecify all command and
options directly from the command line or from aroand file.

This is the general batch call for xls2gmas:

n N

$call =xls2gms r=<range> s=",

i=<input_file_neve> .
[rings

that have blanks in them will be quoted.

Let's see an example. Our task is to import thidetabove from an Excel spreadsheet to
a GAMS model.

A B C D
Household Public
Industry 1026 582
Other 506 790

nom o L R =
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The location of the input file is: C:\excel\te$s.x

According to the GAMS programming structure, wechéedeclare a SET for the Users
(Household and Public) and one for the Sectorsutrgt and Other). The table name will be
Tablel.

This process is too slow if we want to import mdinan a few data set. Every time
xls2gms will be executed and the excel file will bpened and closed. We can use a
command file to make this faster.

In the first part, we create a simple text filengsthe echo command. After it we can use
a command line to run xls2gms with specified partanse

Comments and tips

XLS2GMS has some limits. If the table - to which want to import - has a label in the
upper-left corner, GAMS will not recognize it, s@weed to delete it or create another table
with clear upper-left corner.
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A, B c D
1 Table=—_ Household Public
2 Industry 1026 5a2
3 Other 506 740
4
5

When we want to import a row vector data set (Rar@meter) which is stored like this:

A B C D E F
Basic industry Processing indrustry  Agriculture and forestry | Other material industries  Senvices
9714 3715 4246 20939 | 27064

Pe L B —

We cannot do it by one simple command. We needdert a column to our spreadsheet
and supplement the data set to a table.

A B c D E F
1 Basic industry |Processing indrustry |Agriculture and forestry | Other material industries | Services
2 Temp 9714 37Ts 4246 20939 27064

3
4

Than we can import it to GAMS as a table, and canvento parameters, like this:

After a GAMS model was successfully solved, somesint is necessary to put the results
(back) to the Excel spreadshdexporting data to an Excel file could be also ukdfthere is
a better option in Excel to reach our goals thanhaee it in GAMS.

For example, during the GAMS process we need tertrar matrix. We can simply export
the matrix to a spreadsheet (which, of course hasmecessary functions). And at the next
line, we can import the results from the Excel Bleusing xls2gms.

Manual

The first step is to unload data from GAMS to arch@nge file (*.gdx: Gams Data
eXchange file). After that, we can put them inte Excel spreadsheet:

Where execute_unload and execute are GAMS commdha=s is the name of the
variable (L=Level, see GAMS section for detail)=Output file name, var means variable
(if we want to export a parameter or a table, wauhwrite par=... or table=...). Rng is for
the Excel range.
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Exercise 1 - Austria

Based on a 5-sectors ‘B-type’ (i.e. in which theart is displayed separately as the n+1.

commodity) Input-Output table for Austria, suchgersystem and rate of return to capital has
to be determined, which satisfies the following ne@conomic criteria:

The price system is a so-called ‘production’-prsgstem , i.e. in which the surplus is
generated proportionately to the capital.

The domestic currency is devaluated by 2 per aergal terms (the basket of the foreign
currencies appreciate 2 per cent relative to tmswmer price index).

Real-wages fall by 5 %.

The revaluation rate for the fixed capital and dneortization lags behind the investment
price index by 10 percentage points.

The consumer price index is unchangeéi= 1).
The basic price model
First of all we need to build a formal comprehesgivice model:

Sectoral basic price indeg" = p"A + pm@™ + pc6"+ ped® + "
Consumption price index:  pe=p"c" + pmGn

Import price index: Pm = P"S" + PrmlGre
Investment price index: o = p"b"+ prmBrm
Capital price index: P« =pb
Return to Capital: c" = nlpk K
Price normalization rule: pc=1

where :p", ¢* are vector variablesp, pm, Po, P andz are scalar variables, and the rest of

the letter notations refer to various parameteis. (e is the vector of sectoral capital/output
ratios).

The final price model

To solve the given problem we need to expand oevipus model.

The cost of the import depends on the real exchaaige which will be denoted hy (In

the basex = 1). It is defined as the ratio of the import prindex and the domestic price
index of the export basket (assuming the foreigddrprices in foreign currency do not
change)

The cost of the sectoral wages depends on theveegds. We denote the real wage index
by . (In the bas@g = 1)

The price index of the capital was pegged to theepndex of the investments, but there
can be a difference between these two indexesr Tétgd will be denoted by. (In the
basey = 1)

So, our final model will be this:

Sectoral basic price index: p" =p"A + aPm@" + AP[E+ pld® + "
Domestic price index of the export baskep, = p"s” + pmGre
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Consumption price index: pe = p"c” + alPmBn
Investment price index: P = p"b" + alPmBm
Capital price index: Pk = 7Py

Unit Return to Capital (per unit of output): ™ T rlpyK

Price normalization rule (‘numeraire’): p.=1

According to the macroeconomic scenario:

The real exchange rate of the foreign currencresses by 2 % =>a = 1,02

The real wages were decreased by 5 %

= 0,95

Revaluation rate of the capital lags behind thestwment price index by 10 per cent

Model Summary for GAMS programing
Parameters (Exogenous Variables):

A: 1/0O Coefficients

a™ Import Structure

c":  Wage Coefficients

c> Amortization Coefficients

s Export Structure

Ce. Re-export

c: Structure of the Household Consumption
Cm: Import intensity of Household demand
b™ Domestic Coefficients of Investment
bm: Import intensity of Investment

k:  Capital/Output Ratios

Endogenous Variables:
h.

Sectoral basic price index
n.  Rate of return

px. Capital price index

Po. Investment price index

pc: Consumption price index
pm: Import (Export) price index

T

c": Return to capital

=> Y= 0,9

Matrix
Row Vector
Row Vector
Row Vector
Column Vector
Scalar
Colunactar
Scalar
Column Vecto
Scalar
Row Vector

Row Vector 5
Scalar 1
Scalar 1
Scalar 1

Scalar 1
Scalar 1
Row Vector 5

Total: 15 variables
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Equations:
Equation for Sectoral basic price index 5

Equation for Export price index
Equation for Consumption price index
Equation for Capital price index
Equation for Investment price index:

Equation for Unit Return to capital

S BN I

Equation for Price normalization

Total: 15 equations
Solve the Model — GAMS

By using XLS2GMS we import data from the Excel splgheet (data.xlIs). After the
necessary declarations, we include the impaitedfiles to the GAMS program. According
to the Model Summary section, we can build our rhad€AMS. It is not a typical Non-
Linear Problem (NLP), but we can simply convertoitan NLP. We need to add a fictious
variable and a fictious equation to minimize:

Fictious equation: diff = " — (p"A + aPm@" + APLE"+ pld® + c7) )?

The minimum value fodiff must be 0. Now we can solve our model by usingUSA
NLP solver.

The GAMS results:

---- 130 VARIABLE Ph.L
Basic industry 1.037
Processing industry 0.947
Agriculture and forestry 0.759

Other material industries 1.466

Services 0.906

---- 130 VARIABLE pm.L = 1.026
VARIABLE pb.L = 1.015
VARIABLE pc.L = 1.000
VARIABLE pi.L = 0.283

VARIABLE diff.L 0.000

One can see that the resulting rate of return j,.28.3 %. It is reasonable, since for the
labour we did not prescribe any rate of returnsictwitould cover the employers’ social
security contribution (not accounted in the grossy@s). For other countries, in the next
section the results are presented also in Exceddor
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Exercise 2 — All EU Countries

Our task is the same as it was in Exercise 1. Tityg difference is that now, we need to
answer the question for all countries. The Cap@akfficients, the changes of the real
exchange rateaf and the real wage$)( and the revaluation ratg)(can be modified by
editing the Excel file.

For the solution see data2.xls! It is an exampleeEile, that runs the GAMS program
by VBA macro and after the GAMS program executectesasfully, it exports the results to
the Excel file. The country can be chosen fromabmbo box.

Data folder: C\Documents and Settings\Markel\My Documentsigamsdirl
New location:

Change data folder -
Austria

Clear results table

Execute GAMS fie

English - Real exc. rate 102%
Country: Real wages 95%

Austria - Capital - investment 90%

Agricutture and Other material
Basicindustry | Processing industry o e Services
Capital coefficient 0.8753 0.4200 0.3768 2.2669 0.9738
Rate of amortization | 5% 8% 5% 4% 3%
Agriculture and Other material
Basic industry  |Processing industry forestry industries. Services Private consumption Investments Import (Export)
price index: price index price index price index price index: price index: price index price index Rate of return:
Austria 1.0368 0.9488 0.7591 1.4861 0.9063 1 1.0149 1.0258 28.310%
Basicindustry | Processing industry| ~-S"iculture and Tz nizs) Services. Private ¢ ion | Public i Export Change in stocks Total
forestry industries

Basic industry 14563 3512 1534 4088 5772 5312 0 2940 10004 -685| 47018
Processing industry| 993 4333 731 1278 2017 7774 o 1376 13022 758 32344
| Agriculture and foref 320 1893 1989/ 157 1155 6156 0 873 4794 -191 17144
Other material indus 1077 807 ]l 4277 8434 9898 o 5908 8130 1750] 38371
Services 3612 3558 1539 4484 23184 36048 36512 22802 11558 -382) 142825
Import 5222 5885 2480 3655 7020 18134 250 6008 20865 ﬁ' 68897
Wages 10138 7158 2930 11453 45426 77105
| Amortization 2058 815 323 3478 4176 10851
Operational Surplus. 8038 4480 5266 55189 47731 72036
Total 47022 32341 17143 38368 142824 83321 36762 38508 68373 1628] 507780

Yo u can also see the results for all countrighéndata.xls file:

Data folder C\Documents and Settings\Markell\My Documents\gamsdiry
Mew location

Real exc_rate 102%
English - Real wages 95%

Capital - investment 90%
_ Teoneron Processing Agriculture and Other material aaices
L | industry forestry industries

Capital coefficient 0.8753 04200 0.3768 22669 0.9738
|Rate of amortizatior] 5% 6% 5% 4% 3%
Processing Agriculture and Other material Private
Results Basic industry industry forestry industries Senices consumption Investments Import (Export)
price index: price index: price index: price index: price index: price index: price index: price index: Rate of return:

Hungary 1.1459 0.9735 0.8855 1.5067 0.9561 1 1.2218 1.0200 26.326%
Poland 1.2821 1.0660 0.9194 1.6346 0.8214 1 1.3542 1.1923 25.054%
Slovenia 1.1198 1.0113 0.8922 14319 0.9601 1 1.2114 1.0637 19.040%
Austria 03 46! L7591 4661 063 0149 1.0258 28.310%
Belgium .85 37 7191 4136 .9411 .0024 0.8698 25.520%
Germany 4 531 8793 4192 399 9687 0.9854 28.222%
France A0 .986 9180 4708 9868 2536 1.0097 22.873%
Finland 0 85! 6432 ATT 9582 0109 0.9646 28 546%
Ireland 0.9065 0.7558 0.8194 1.5862 1.1165 1 1.0482 0.8686 38.015%
Italy 1.0601 0.9777 0.7967 1.6571 0.9040 il 1.0490 1.0152 35.464%
Metherlands 0.9705 09438 08125 14987 09381 1 1.0593 0.9744 25772%
Portugal 0.9417 0.8995 0.7299 14416 0.9770 il 1.0648 0.9395 28.716%
Spain 1.0421 0.9847 0.6491 1.6020 0.9682 1 1.3345 1.0636 25 617%
Sweden 0.9345 0.9778 0.7528 14590 0.9438 1 1.038% 0.9760 27.3713%
United Kingdom 1.0130 0.9320 0.8463 14824 0.9885 1 1.1978 0.9896 20.831%
Denmark 1.0500 0.9681 0.8359 1.4686 0.9719 1 1.2106 1.0486 22 675%
Greece 1.1918 0.9663 0.7731 1.7346 0.9722 1 14758 1.0707 31.907%
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APPENDIX 1: THE I-O TABLE IN GEM-E3 NOMENCLATURE

The aggregation of Nace-Clio R59 has been useth®oinitial Input-Output table. For
some of the countries where this aggregation wats available, the Nace-Clio R25
aggregation was used instead. The procedure tediden followed to convert the table of 59
branches into the specific one of 18 branches ier GEM-E3 model, is showed in the
following structure:

Al. Table: Codes and names of the Nace-Clio R58dhes
010 Agricultural, forestry & fishery products
031 Coal & coal Briquettes

033 Lignite & lignite briquettes

050 Products of coking

071 Crude petroleum

073 Refined petroleum products

075 Natural gas

095 Water (collection, purification, distribution)
097 Electric power

098 Manufactured gases

099 Steam, hot water, compressed air

110 Nuclear fuels

135 Iron ore & ECSC iron & steel products
136 Non-ECSC iron & steel products

137 Non-ferrous metal ores,non-ferrous metals
151 Cement, lime, plaster

153 Glass

155 Earthenware & ceramic products

157 Other minerals & derived products

170 Chemical products

190 Metal products

210 Agricultural & industrial machinery

230 Office machines

250 Electrical goods

270 Motor vehicles & engines

290 Other transport equipment
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310 Meat & meat products

330 Milk & dairy products

350 Other food products

370 Beverages

390 Tobacco products

410 Textiles & clothing

430 Leather & footwear

450 Timber & wooden furniture

471 Pulp, paper, board

473 Paper goods, products of printing
490 Rubber & plastic products

510 Other manufacturing products

530 Building & civil engineering works
550 Recovery & repair services

570 Wholesale & retail trade

590 Lodging & catering services

611 Railway transport services

613 Road & transport services

617 Inland waterway services

631 Maritime & coastal transport services
633 Air transport services

650 Auxiliary transport services

670 Communications

690 Credit & insurance

710 Business services provided to enterprises
730 Renting of immovable goods

750 Market services of education & research
770 Market services of health

790 Market services n.e.c.

810 General public services

850 Non-market services of education & research
890 Non-market services of health

930 Non-market services n.e.c.
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APPENDIX 2: CORRESPONDENCE BETWEEN NACE AND
EXTERNAL TRADE PRODUCT CODE

GEM NACE code External Trade code
code
1 01 Agriculture, forestry and fishery products tRecl: life animals & animal products
Section 2: Vegetable products, chapters: 6+7+8+9+10
06 Fuel and Power Products Section 5: Mineral pets] chapter 27
2 Lignite, coal & coke 2701+2702+2704+2708
3 Oil products 2709+2710+2712+2714+?271119
4 Gas 2711-?271119
5 Electricity
6 13 Ferrous & non ferrous ores & metals SectiochBpter 26
Section15,
Chapters 72+73+74+75+76+78+79+80+81
7 17 Chemical products Section 6
8 15 Non metallic mineral products Section 5, cla@b
Section 13
47 Paper and printing products Section 10
19 Metal products exc. machines & transp Sectipnt&pters 82+83
9 25 Electrical goods Section 16, chapter 85
10 28 Transport equipment Section 17
11 21 Agricultural & industrial machinery SectioB, thapter 84 (minus the one in23)
23 Office & data processing machines Chapter 88188452+8453+8454+8455)
12 36 Food, beverages, tobacco Section 2, chapters 11+12+13+14
Section 3, Section 4
42 Textile & clothing Section 8, Section 11,
Section 12 chapter 64+65
48 Other manufacturing prod Section 9,
Section 12 chapter 66+67, section 14
Section 18, Section 19, Section 20, Section 21
49 Rubber & plastics Section 7
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APPENDIX 3: THE DERIVATION OF SYMMETRIC |-O TABLES

For GEM-E3 the construction of a symmetric inputpat table is required. The
symmetric 10 table is a product-by-product or indyby-industry matrix describing the
domestic production processes and the transaciopsoducts of the national economy in
detail. In the following, we follow the methodologgom Holub and Schnabl (1994) to
construct a symmetric input-output table.

The conversion of the make and use matrices irgcstjuare input-output matrix hinges
on two types of technology assumptions:

1. industry technology, assuming that all productsaiproduct group produced in a
branch are produced with the same input structure;

2. product technology, assuming that all products magluct group have the same input
structure, whichever industry produces them.

Given the 10 matrix:

commodities activities final demand sum
final demand

use matrix matrix

commodities U Y use (q)
make matrix production profit:
Activities V (9)
imports

imports M

value added

matrix

value added W

costs of the
Sum costs production

a) g)

We define three matrices :

B=U*<g>" Matrix of the 10 coefficients with dimension comdities x industries. The
use matrix is divided by the column sum.

C=V'*<g>" Product-mix matrix with dimension goods x indussti It shows the shares

of the particular commodity on the overall outpat €ach industries. The
column sum is accordingly equal to 1.
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D =V* < (q—-m) >"Market-shares-matrix with dimension industries xmeaodities. It
shows the production share (market share) for gacil of the particular
industry from domestic production. The sum of tbeimn items is equal to
1.

Activity technology All commodities (characteristic as well as nometteristic)
produced from one industry are being produced \hign same input structure i.e. each
activity uses a particular technology independenimf which commodities are being
produced. IO coefficients are given as weightedayes of all intermediate structures, which
produce the respective commodities. The markeeshae used as weights.

The square input output matrices in the commoxligpmmodity or industrx industry
dimension are given by the following formulas.

Acoc=B*D=U*<g >7hRyx < (g—-m) >
A pa=D*B=V*<(q-m)>"*U*<g>"

The process is illustrated by the MakeUse5.xIs file.
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APPENDIX 4: THE CONSUMPTION MATRIX OF GREECE (IN M. ECU 1995)

P 22. o =) = O += 0 ) = (o))
e ¢ £5 23 :e EZ2¢s_ 8% g £85 $4.8.%34 £33

< 28 F3 32o-°8%88s §5EE.52 22 885,858 3ZE

55 £3 c PES £8 % e§ £5 c@ &g FsegofiQ3z 23 Total

> ° - 5 S & T T O © = @ c : © o]

2 & g T « BgO wr g a2 0 &
Product © = @

2
Agriculture 194 0 0 60 0 0 0 0 0 0 0 0 2254
Coal 0 0 0 0 0 0 0 0 0 0 0 0 0
il 0 0 0 627 0 0 0 0 9134 0 0 0 0 1976
Natural Gas 0 0 0 60 0 0 0 0 0 0 0 60
Electricity 0 0 211 952 0 0 0 0 0 0 0 1162
Ferrous & Non-Ferrous 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Metals
Chemical Products 0 0 42 0 379 0 376 0 0 0 0 192 680 1669
? ther Energy-Intensive 0 0 0 0 585 35 0 0 0 0 0 577 259 1457
ndustries
Electrical Goods 0 0 3 0 10 78 0 0 0 0 0 196 0 287
8
Transport Equipment 0 0 0 0 0 0 3 77 0 0 0 18 0 898
i 30
Other Equipment Goods 0 0 0 0 2 34 0 0 0 0 94 0 431
Industries 1
Consumer Goods 9 449 148
o dustries 657 9 44 0 g 0 0 0 40 0 0 166 341 16235
Building and Construction 0 0 387 0 0 0 0 0 0 0 0 0 0 387
gele??mmumca“on 0 0 0 0 0 0 0 0 0 0 Y 0 0 980
ervices 80
184

Transports 0 0 0 0 0 0 0 0 0 7 0 0 114 1961
Isemces Of Credit And 0 0 0 0 0 0 0 0 189 0 0 0 521 710
nsurance
Other Market Services 0 0 9976 0 351 19 364 0 114 100 0 307 17150 35638,

Source: GEM-E3 Database.



6 5 5 5
INon-Market Services 0 0 0 0 0 0 0 0 0 0 0 0 335 335
1 449 169 281 61 405 8 272 194 9 431
Total 10663 19401 66441
1851 9 6 0 7 77 3 7 80
APPENDIX 5: THE UNITED KINGDOM INVESTMENT MATRIX (IN M.ECU 1995)

1 10 11 12 13 14 15 16 17 18 Total
Agriculture 498 0 0 0 0 0 0 0 0 0 0 498
Coal 0 0 0 0 0 0 0 0 0 0 0 0
Oil 17

0 0 9 131 0 0 0 0 0 0 0 0 0 0 1310
Natural Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ferrous & Non— 102 23 46 11 11
Ferrous Metals 50 54 9 122 463 43 78 9 67 75 2 519 6 263 607 530 511 5346
Chemical Products 0 0 0 0 0 0 12 0 0 0 0 0 4 0 0 0 0 0 16
Other Energy- 22
[ntensive Industries 0 0 0 0 0 0 0o 7 0 0 0 0 381 0 0 0 5 0 613
Blectrical Goods 158 77 44 99 51 40 31 44 346 184 310 1917

26 13 56 226 1 239 0 1 7 1 2 52 75 659 4
Transport 11 10 10 14 35 440 1092
Equipment 388 60 158 112 80 123 9 2 56 269 2 399 1 2989 3 987 324 8
Other Equipment 18 79 12 63 93 21 174 305 159 1775
Goods Industries 706 339 219 836 714 5 96 2 1307 1491 899 2 776 7 1
Consumer Goods
[ndustries 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Building and 12 228 159 39 32 50 27 54 56 46 421 477 976 6011
Construction 795 6 702 4 188 2 9 3 5 5 29710 6 2886 8 1
[Telecommunication
Services 0 0 0 0 0 0 0 0 0 0 0 0 0 0 165 165
Transports 21 1 661 73 4 6 2 14 8 13 10 53 69 33 979
Services Of Credit 25 54 22 15 40 56 430 21 196 128 1211
And Insurance 151 48 727 104 104 138 6 9 9 4 7 4 5 256 5 661 9
Other Market 34 45 34 37 39 42 92 145 118 103
Services 263 56 233 116 552 222 6 2 3 0 3 372 6 555 0 9289
Non-Market 161
Services 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 483 0 2099
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Total

289

2

54

9

666

5

180

9

520

0

167

2771

3642 2830 2766 3234 3617 36648

74

67

8394

183
88

131
14

194
29

1403
98

Source: GEM-E3 Database.
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APPENDIX 6: Models of Optimal Resource Allocation

Introduction

The following models are illustrated by the MULTHBRPT-SCEN.GMS program with
1998 data, in 3 sectors and 10 household groupBurther unusual generalization of the
resource allocation problem is in these modelsdhads fixed capital formation is also broken
down to 3 sectors.

Formal description of the models

We deal with the static version (1 period). Simprerdels are formulated in a more general
framework, so that the GAMS can treat them as speamases. Simpler formulas can be
obtained as special cases of the more sophisticated. Parameters and non-parametrized
functions are denoted by small letters, while emtogs variables are denoted by capital
letters. Those categories which may appear in icerteodels as endogenous variables are
declared variables. (the GAMS does not allow thdefiaition of PARAMETERS as
VARIABLES and vice versa). Exogenous variables ao¢ distinguished from. Since the
GAMS does not allow the optimization of an objeetiunction formula, a separate variable is
defined to measure the value of the objective fonct

The NLP2 (primal optimal resource allocation) model
Sets

G : household groups (general element is referyaddexg , dimension: ly),

I: branches (general element is referred by index j, dimension: N(the set is also
denoted by J)

Functions:

e(4) Export price-volume function,

fi (M, XDj) Import-domestic substitution function,
g (RL, RK) Capital-Labour substitution function,

hg (CVg,i) Consumer welfare function by groups,
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ti(Z, XD) Export-domestic transformation function

Variables:
CES, CESLK, INVS, X;, XD, M, Z, RL , RK, PE, CVg,, Clg, BTR, IL, IK, IG, OBJ
(altogether 1N; + Ny -N; + Ny +5 variables, which in the case of N0 and N=3 yields 75)
Conditions:

(precisely inequalities, in the form of inpatsutputs, source use and use presribed value):

Name Shadow Formula
price

Definition

S:
ECESLK (wi) g ( RL,RK;) > CESLK,
ECES (A) fi(M;,XD;) > CES
EPAZ (PA) Xi >t (Z ,XDy)
EV2 (V) S (PE-Z—pwm ‘M) > BTR
EW2 (W) IL-tl >3 (RL-X;)
ER2 (R IK -tk >3 (RK; - X;)
EOBJ () BTR > OBJ

Behavioral and technnological equations, balaneastitles:

EPE (&) e(Z)=PE

ECLy (Yg) hy(CVy,) > Clyg

EPR2 (PR) CESLK > 1

EPHM2 (PHM) | CES>7Y; (ahm;- X;+ bhm; - INVS; ) +34 ( cfyi + CVgi)
+gh - IG +stacg+ texp

EIL (a) ile > 1L

EIK (9) ike > IK

EIG (PG IG>ige




-201 -

ECPIS, CPIS, Clg> te

EINVS PINVS INVS; > ibe;- invsQ

(altogether N; + 2-Ng + 7 conditions, which in the case ofy 8LO and N=3 yields 48, so if
the constraints are binding then the degree fadfmeeis 3N; + Ny -(N; - 1) -2, which in the
case of =10 and N=3 yields 27)

Task:
OBJ -> max

Note, that introducing OBJ as a separate variabtkie to the fact that the GAMS program
can maximize only the value of a single variabteagormula can not be maximized directly.

The NLP3 model (first order conditions of the NLP2model)

If the above inequalities hold in the form of strequalities (which can be proved to
happen in the optimum in the case of continoushsstutable, differentiable functions), then
the optimal solution can be derived by using thgraage-multiplier method.

TheLagrangian (with some reordering to get common summation)edollowing:

£ :=0BJ +Zi {pi-(gi(RLi,RKi)-CESLK)+)\i-( fi(Mi,XDi)-CES)‘FPA'(Xi -ti(
Zi  XDj) ) +PHM - ( CES - [ZJ (ahm,j X+ bhmij - INVS; ) g ( Cfg,i + CVg,i) +gh-I1G
+stacg+ texp] ) +PINVS:- (INVS;- ibe;i-invsQ) +¢&-(e(Z)-PE)+PR-(CESLK -1
MV (2 (PE-Zi—pwm ‘M) - BTR) +W- (IL -t - 35 (RLi- Xi) ) +R- (1K - tk - 35 (RK; -
Xi)) +0-(BTR — OBJ) E4{ Vg (Ng( CVg;) - Cly) + CPIS- ( Cly-tg) } + - (ile — IL )
+0-(ike—IK)+PG(IG-ige)

The first order conditions of the optimum are ohéa by setting the partial derivatives of
the Lagrangian to zero. Concretely, setting theigdaderivatives of the Lagrangian according
to the shadow prices to zero bring back the orlginaditions (in the form of equations), while
setting the partial derivatives of the Lagrangiaoaading to the primary (quantity) variables to
zero we get the well-known marginality conditiombese are the following:

SE I5Xi = PA - W-RL; -R- RK;-Y; PHM - ahm); =0 (1)
OE ISZi = -PA -5 1 15Z; +V- PE +¢-56/5Z, =0 )
SE ISXD; = -PA; - 8 t; /SXD; + A - 8f; /5XD; =0 @)
SE ISM; = ;- 8f; /6M; -V - pwm =0 (4)
€ IBRLi = ;-8 ISRL; -W+ X, =0 (5)

SE IBRK; = ;- 8g /SRK; -R- X =0 (6)
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SE ISCVqg, = - PHM; + yq - 8hy /6CVy; =0 (7)
8E£ BBTRE -V +¢ =0 (8)
8£ ISCES = -\ +PHM, =0 (9)
8 ISCESLK = - i +PR; =0 (10)
SEBPES V- Z -5 =0 (11)
8E IBCLy = - y4 +CPIS, =0 (12)
8 5IG = -3 PHM - gb +PG =0 (13)
S£ IBINVS; = -3 PHM; - bhm; +PINVS =0 (14)
SE BIL = -a +W-tl =0 (15)
SE BIK = -0 +R-tk =0 (16)
SE ISOBJ= 1 -¢ =0 (17)

By counting the number of equations and variables @an see that the equation system is
regular. Majority of the variables are irrelevamtoan be computed recursively after solving
the simultaneous block. Therefore only the sim@tars block has to be dealt with.

The process of the solution can be e.g. the foligwi
From (17) ¢ = 1, which substituted into (8) can be omittedetbgr with its equation.
Similarly from (10)u; =PR; , which substituted into (5) can be omitted togethith (10).

Similarly from (9)A; =PHM; , which substituted into (3) and (4) can be ordittegether
with (9).

Similarly from (12)yy =CPIS;, which substituted into (7) can be omitted togetivéh
(12).

Similarly from (11) g =V - Z , which substituted into (2) can be omitted togethéh
(11).

Finally, since from equations (13)-(16) one canregp PG *; PHM - gb , PINVS =};
PHM;-bhm; , a = W-tl and d = R-tk variables, which do not appear anywhere else, ttase
be regarded to be part of the epilogue. Therefbee simultaneous block just consists of
equations (1)-(8) and the primal conditiGhsNaturally, the variables with Greek letters are
substituted by their latin letter equivalents.

2 Although the number of the primary equations aadables also can be reduced, since IL, IK, IG, ANYS;, CESLK,
are exogenously given and OBJ can be substitut&TBy
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This block consists of ‘Bl + N; ‘Ng + 1 equation. By adding the number of the primary
equations, the total number of equations IN13+ 2 -Ng + N; ‘Ng + 8 . The number of the
effective variables is the same, since to th&18 Ny + N; ‘Ng + 5 primary variables onlyR;

+ Ny +3 dual variables have to be added (PR, PHM, CPISG, V, W és R). Therefore this
reduced equation system is regular, which is ictpra the sufficient condition of the existence
and unicity of the solution.

The NLP3 model in the GAMS program only differsrfrdhis in that respect, that (for the
sake of future generalization) instead of R (thfo&§ and PINVS) and W stand Pkand PL
respectively, although not differentiated by sexibive set the parameter values appropriately
(see in the GAMS prograif). The NLP3 model has an additional 'epilogue’ lloaf 5
equations, which determine the investment by prtsddiovestment goods), the investment
price indices and the sectoral breakdown of thétalagnd labouf.

Naturally, thee , fi, gi, hg andt; functions appear in the GAMS program in concrete a
parametrized functional form. Concretely,,,g; andhy by CES-functionst; —s are represented
by CET-function and the RE e (Z ) export price-volume functions (see the definiibn
equation EPEi among the primary conditions) areifipd as

PE=@ (Z)=u z"

I.e. as an 'isoelastic’ function. If we denete/s Z bye’(Z;) , then we can get the
e (Z) =wo)-2°"" = o) 6 (Z)/Z

relationship.

If we substitute this into (2) (or into that formh (@) in whichg; is already replaced by-¥;
—as seenin (11) ) and if we define; Rie unit revenue of export at local currency) as

PZ = V-(1+o(i))-PE

then we get

PA -t'(Z)=VPE +&-€(Z) = V-PE + Vo) & (Z) = V-(1+0()PE = PZ  (2)
whered t; /6Z; was also denoted dy(Z;).

Further NLP model variants (NLPKT, NLPGE) are a swhat modified and further
generalized form of this system of equations, ligontucing further auxiliary variables and by
using the Euler-theorem and other relationships {ise alternative equivalent conditions of the
optimum).

24 For example, when computing the optimum, the GAp&gram sets the BHM(1,J) parameter of the PINVS(&F=
SUM(I, PHM(L,Y)*BHM(1,J,Y)) equation so, that it beniform accross investing sectors:

BHM(1,d,Y)=SUM(3J, BHM(1,JJ,Y)*INVS0(JJ))/SUM((II,JJBHM(I1,J3,Y)*INVS0(JJ))

% gee equations EB,EPINV,EK, EKS,EL in the GAMS-peogr (note, that for capital both demand and supply i
determined at sectoral level, although in theseetsotthis is irrelevant, capital is assumed to biéepdly mobile).
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The NLPKT model (modified version of the first orde conditions)

Of the ,further NLP model variants” the first omethe so-called NLPKT model, which is
obtained so, that we introduce the

EPM(LY).. PM(,Y) =E= TXM(I,Y)*V(Y)*PWM(I,Y);

EPZ(L,Y).. PZ(1,Y)=E=TXZ(I,Y)*V(Y)*PE(I,Y);

EPD(I,Y).. PD(1,Y)=E=(PA(I,Y)*X(1,Y)-PZ(1,Y)*Z(1,Y)) / XD(I,Y);

EC(G,IY).. C(G,,Y)=E=CF(G,I,Y)+CV(G,l,Y); {kreitis only epilogue or statistics}

definitional equations, and in which (3) and (4)high are called DXD and DM in the
GAMS program) are replaced by EPHMKT(l,Y) and EMKY{, while (5) and (6) (which are
called DRL and DRK in the GAMS program) are repthbg ERLKT(J,Y) and ERKKT(J,Y).

The above equations are defined as follows:
EPHMKT(I,Y).. PHM(I,Y)=E=(XD(l,Y)*PD(1,Y)+PM(I,Y)*M (1,Y)) / CES(I,Y);
EMKT(LY).. M(I,Y)=E=MH(1,Y)*(PD(I,Y)/PM(I,Y))**M EL(I,Y)*XD(1,Y);
ERLKT(J,Y).. RL(J,Y)=E=RLO(J,Y)**(1-REL(J,Y))*(ALJY)*PR(J,Y)/PL(J,Y))*REL(J,Y);

ERKKT(J,Y).. RK(J,Y)=E=RKO(J,Y)**(1.-
REL(J,Y))*(AK(J,Y)*PR(J,Y)/PK(J,Y))*REL(J,Y);

where CESLK(J,Y) was replaced by 1 (see equatidRZEP

It is not straitforward to prove that these repiaeats are equivalent. Here only we can
outline how to prove this statement.

For example, to prove th@B),(4) => EPHMKT,EMKT we have to multiply (2"),(3) and
(4) by Z, XD; and M respectively, then we have to add them pairwige {form the (2')+(3)
and (3)+(4) equations) to get equations (5) anddépectively. Then in equation (6) we have
to apply the CES=f '(XD;)-XDi+ f '(M;)-M; Euler-theorem. Then we have to derive equation
(11) by subtracting equation (5) from (6). By obsey that due to (3) the RA’(XD;)- PHM:

f '(XD;) component in (11) is 0, and by using the defamtiof PD, and by dividing the
equation by CESwve get the EPHMKT equation.

Then by subtracting RZ; from equation (5) and by using the definition @iRgain and
finally by dividing by XDi we get the

PD = PHM - f'(XD;) (8)
relationship.

Then le tus define mias
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mh — (am /ad)llmel(i)
and let us start from the

mh - (PD / PM)Y™D formula. Here by using (8),(4), the defintion dfiPand the fact that
sincef is a CES-function sb’(XD;) = (CES/XD;) ¥™® we can arrive at the #D; ratio.
Note that by this we proved the relationship in EMKvhich was our goal.

To prove the statement from the opposite direcii@nthat EPHMKT,EMKT => (3),(4)
one may do the following steps:

We start from EPHMKT, into which we replace Py its definition, and by using the
Euler-theorem twice again we replaceby t’'(XD)-XDi+ t'(Z;)-Z; and CESbyf '(XD;)-XDi+ f
'(M)-M;. Then we observe that due to (2’) the; PXZ;) - Z - PZ - Z; component is 0, we get
an equation (11) which is just the sum of (3) adid (

Then from EMKT (using again thét (XD;) = (CES/XD;) Y™ andf '(M; ) = (CES/M;)
Umell)) we get that

f'(M;) =f'(XDj)- PM; / PD (12)
Substituting this into (11) fdr’(M;) and (9) for PDw eget the following relationship:
PHM,; f '(XD;) -( XD; + M; - PM, / PD) = PD -( XD; + M; - PM; / PD)) (13)
By dividing the equation by the formula in the pahesis we directly get (8).

Then, multiplying the X=t'(XD;)-XDi+ t'(Z;)-Z Euler-theorem by PAand by using the
definitions of PZand PDand dividing the equation by XWe get the

PD = PA - ' (XD;) ©)
relationship.

Now, if we compare the 2 different formulas for;Re. (8) and (9)), we can conclude that
the other (right hand) sides should also be edgeal,

PHM, - f'(XD;) = PA - t'(XD;)

which is just equation (3) which we had to provmalty, if we subtract this from (11) (i.e
from (3)+(4) ) we get equation (4) too.

To prove thg5h),(6) @ ERLKT,ERKKT equivalency is much simpler, so we will leave it
for the reader.
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The NLPGE model (slightly modified NLPKT)

It differs from NLPKT only in that respect, thatetliePR2 composite factor-utility setting
(to unity) is replaced by the EPR explicit defiartiof the shadow-price formula. Naturally, the
two formulas are equivalent.

The CGE and CGECLO models (toward a general equilibum model)

First, in these models the ECL composite consumgiidity definition is replaced by the
ECPIS equation, which computes the shadow-pridbeiptimum (as the ratio of the total
expenditure and utility). Naturally, as in the cadehe production function, the two formulas
are equivalent.

The ‘CGE’ model contains a simplified income-distriion block (including transfers and
savings), which, however, is irrelevant given thePNype of closure. If we set the parameter
values appropriately, then its solution is iderttoahat of the above NLP-models.

The MultHH-opt-scen.GMS program therefore runs thigdel twice: first before doing
these optimal parameter-settings, then after th&-Mlodel runs, when the parameters are
already set so. The latter run demonstrates thatnttodel is also equivalent to the NLP-
models.

This sequence of runs is explained by the factithateasy to make omelette from eggs but
not vice versa: i.e. after setting the parametetsrally it is difficult to recalibrate them so
that they fit the benchmark data 8as usual in tagcSCGE models).

The ‘CGECLO’ model demonstrates that by changireyiacroeconomic closure of the
model, one can get a solution different from thiathe above NLP-models. Concretely, the
fixing the group-specific consumption levels (equatECPIS2) are replaced by the fixing of
the consumption/wage ratio (equation ESAVRAT), whig a proxy for the savings rate (since
the model's income distribution block is not sutiatly elaborated the real savings rate can
not be determined straitforwardly).

Of course, if both (CGE and CGECLO) models arebcated to the benchmark data, they
reproduce the benchmark both. This is shown inmokIiE an F of the ‘Results’ sheet of the
MultiHHOutput.xls file. However, when running a adarfactual simulation (in our case the
government consumption was reduced by 20%, whdectnsumption tax rates wre increased
by 10 percentage points uniformly across goods)iwlo models yield different results. This is
demonstrated in columns G and H. As can be seaheiCGECLO model (i.e. in which the
savings rates are fixed) consumption levels deerddsie to the higher taxes) and the
difference is pushed to the export markets, whichyever, can be reached by the incentive of
real devaluation of the local exchange rate (nb#t since the nominal exchange rate is kept
fixed, this implies the drop of the domestic prices

Comparing these columns with columns E or F onesea that in the optimal solution the
balance of trade (see in row 66) is higher thathan CGE-models with non-uniform factor
prices, markups, indirect taxes and similar ‘distmis’. Not surprisingly, in the counterfactual
scenario the NLP models retain their trade balatdge over the CGE-models. In fact, it is
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more revealing to compare the changes caused bth¢hsame ‘shocks’ in different models.
Therefore, the comparison of the difference of Hir@y be compared with that of [-J, to see
how sensitive the results are to the model spetiin. This comparison we leave to the
reader.

In columns J,K and L the equivalence of the NLP2,PKT and CGE models are
empirically demonstrated.

Finally, note that in the GAMS version of the motted categories have a time dimension
(Y) (and some intertemporal factor accumulatioratiehships too) which makes it easier to
develop them further into a dynamic model. Suchymachic model is presented in section
4.2.1.
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APPENDIX 7: FLOw CHART OF THE HUNGARIAN CGE MODEL

. CPI=1 is the numeraire, so it is not displayed

. Several insignificant effects are not displayed).(¢ransfers depending on V, income

tax depending on L,K)

Several intermediate variables (e.g. RS,PR,PHMUBLCAre not displayed (as if we
had substituted them out)

Irrelevant variables (mostly belonging to the eommen-leisure-consumption
optimization) are not displayed
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5. If behaviour is optimal shadow-prices depend omycomponents

6. Radiuses (axis crossing the origo) represent a aypategory or a step in the income
distribution (e.g. we can start from the left hontal — i.e. 18®radius, which represent

the factor returns or supply)

Legend:

Circle: Price category

Rectangle: Quantity category

Romboid: Value category (cost, income)

--=> : Direction of direct effect

Notations: (Y refers to the year, | and J for the sector, Gtiie household group)

VARIABLES:

B(l,Y) total investment by goods

BTR(Y) balance of trade

C(G,L,Y) total personal consumptions of commodity i
CG(Y) government consumption level index
CL(G)Y) level of the variable consumption

CV(G,IY) variable consumption

INVS(J,Y) investment level index

K(J,Y) capital stock

KS(J,Y) sectoral capital

L(J,Y) employment

M(1,Y) import

NTRF(Y) net transfers of the foreign sector

NTRG(Y) net transfers of the government
NTRH(G,Y) net transfers of the household groups
NTRS(J,Y) net transfers of the sectors

OBJ objective function average: average total conion
PA(l,Y) average sales price

PD(l,Y) price for domestic sales
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PE(l,Y) export fob price in base years exhange rate
PHM(L,Y) composite good price

PINV(Y) investment price index

PINVS(J,Y) price of investment

PK(l,Y) calculative capital costs

PL(l,Y) calculative labour costs

PM(l,Y) import user price

PR(1,Y) composite cost of labour and capital pat aatput in sector i
PZ(1,Y) unit revenue of export sales

R(Y) adjustment factor for the net rate of retumaapital
RK(I,Y) unit capital

RL(1,Y) unit employment

RS(J,Y) rate of return to capital by sectors

SF(Y) saving of the foreign sector

SG(Y) saving of the government

SH(G)Y) saving of the household groups

SS@J,Y) saving of the sectors

V(Y) foreign exchange rate

W(Y) standard wage index

X(1,Y) output

XD(1,Y) domestic sold output

Z(1,Y)

exports




