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Database

¢ 1o apply a CGE requires an empirical
specification of all equations

» Many eguations, many parameters to
determine

¢ Oliten a mathematical procedure
Where enly, a single “ehseRn/atieni Is
USedl 16! estiimate: paramieters
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Database

SAM, NIPA, IO

¢ Reguired data
— O table, might need aggregation
— NIPA
— May: need census data

— Estimates off sectoral capitall steck &
depreciation

¢ Generate a SAV
9 Capiial Compositien VISt
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Database

Level of aggregation

¢ No set of rules on the appropriate
level off aggregation; judgmental,
andl depends on:
— Focus of the moedel
— Availlallity eff data
— Eeasiolity, o computation
— e constraints:
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Database

Census data

» May need census data for:
— Population
— Sectoral employment
ALEgOrIES) Of Ia190K
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Database

Sectoral Capital Stock

¢ A reasonable estimate of sectoral capital
stocks IS Indispensable in any econemic
model that deals with sectoral production.

¢ NMethods:

— Use historical investment data, adjusted for
price Inflation and depreciation, to obtain
capital Stecks.

— Use: capital=output ratios tor derive: rough
estimates of caplital Stecks,

— IDErVE anl Estiimate ol caplital stock USInG data
onicapitalfincome and net rate: ol rettmrto
capltel
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Database

Sectoral Depreciation Rates

¢ Use Independent estimates of
sectoral depreciation rates If exists

» Otherwise, use the available
Risterical data en sectoral capital
fermation estimate these: rates by,
determining enly/ the depreciation
FAtes) Oif capltal ty/Pes thab are
PRESENI 1Nl the eEcConemy/.

Session hee: lmplementaton Ghadimi 2007, Regjonall Research Institute



Database

SYAY

¢ Main data structure underlying CGEs

¢ An Internally consistent accounting
framework

& A snapshot of the econemy. at a certain
time
¢ Used to calibrate the CGE model te the

Pase year data by determining key,
ParaMELErS

¢ Constrlction; clesely/ related te the
mMeEeling hiramewerz ane Pelicy duestions
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Database

Constructing a SAM

¢ A SAM plays a very crucial rele in the
outceme of a CGE model

¢ As Important as the finall SAM Is the
precedure that generates It

¢ The guality ofi data and assumptiens made
directly’ afifiect the results ofi the CGE
moedel

¢ Elther InpuUt=eutpuit takles er naticnal
IRCEME and pProduct accounits can e Used
as) a stalting ASISH ter generate: ar SAW
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Database

A National SNA SAM

Expenditures

Receipts Activity Commodity Factors Institutions World
Activity Domestic Supply Exports
: Intermediate
Commodity inputs Final demand
Factors Value added
Institutions Indirect taxes Indirect taxes Factor Transfers Inflows
and tariffs income And taxes
World Imports
_ Foreign
Totals Total costs Total supply Total factor  Domestic Exchange
Income Income inflow
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Database

Capital Composition Matrix

¢ Coefficients describing the make up of sectoral
capital stock (not in SAM)

¢ PuUt In a matrix form “Capital Cempesition Matrix™

¢ Each element indicates hew much eff the capital
goeds produced by the rew sector contributes to
make up ene unit of capital i the column Sector,
thius each column off the matrhx adds up te ene.

¢ e secter that preduces capital is called the
SEclor of eRginrand the secter thal PUrChases
capltal IS referred teras the Sector off destination
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Calibration

¢ Econometric estimation of a large
AUMBEr of parameters in a CGE
model IS a major task even when, the
extensive time series data are
avallaple

o Withra few exceptions, CGE moedels
determine parameters
mathematucally firenmra secizal
ACCOURWRG MALEDX
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Calibration Procedure

¢ Determines the set of parameters and
exogenous variables so that the CGE
model will replicate the econemy.
represented in the SAV

¢ It IS common te Interpret flew entries; in
the SAVIas; a measure off both real and
nemiRaliimagnitlcde: By, cheeSING a Proper

URit e allfphy/sical guantities: se) thaits the
PHICES equalfene:
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Solution Strategy.

¢ In the 1970s, major advances were
made In selution technigues that
permitted the implementation off CGE
moedels.

¢ [lhere are four different appPreaches:
— Eixed polnt:
— Sy stem el nen=linear equatiens
—[NiReanrzaticn
= NeREliRear pregramiming
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Solution Strategy

Fixed point

¢ The solution off a CGE moedel can be
formulated as a problem in finding a
fixed point In a mapping of prices to
PHICES throug excess demanad
eguations.

¢ Pleneered vy Herbert: Scard

9 E.9) Scarirand FHansen: 1973, ke
compUtaien el econemic eguiliara:
YalerUnnv: Press;
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Solution Strategy

System of non-linear equations

¢ Ireat CGE model as a collection of
non-linear algebraic eguations and
selve directly withr numercall selution
technigues.

o Within this firamewerk; there are
Variations depending en oW, te) Selve
the system.

v L9 AdelmanrandRepInsSen 1976
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Solution Strategy

LIinearization

¢ Linearize alll the equatiens of the CGE
model and then selving the linear
approeximation by simple matrix
INVErSIoN.

¢ [This appreach was) Used In the first:
applied CGE medel iermulated by
Jehansen:. 1960;

¢ .9, Dixen et al. 1962,
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Solution Strategy

Non-linear programming

» Formulate the CGE model as a nen-
linear programming model whose
selutien| yields shadoew: prces that:
can be Interpreted as market prices.

¢ E.9. Ginshurgh andi\WWaelbrock 1961,
WhGr alse stuRvey/ the ether
technigues:
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Solution Strategy

State of the art

¢ Fixed point algorithm died out
quickly.
— Empiricallys very: inefficient and
Impractical

¢ e programming appreaches little
Ufsi=le

¢ Lineanzation (ORANI) and

9 System o neREIREAr egUatIGNRS have
prevalled CEGE meaelNntevelss

Session hee: lmplementaton Ghadimi 2007, Regjonall Research Institute



Solution Strategy

Solving CGE Models in Levels

¢ [atonnement methods
— Gauss-Seildel/Jacobl algorithms

¢ Jacobian methoeds
— Newten-Rapheson
— VL J. IDrPewell: Pewell algorithm
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GAMS Software

¢ General Algebraic Modeling System
(GAMS); WWW.GAMS.COM

¢ Designed for modeling linear, nonlinear
and mixed integer optimization preblems

& Especially, useful with large, complex
proklems

¢ Avallable fior tiser onl PC, Workstations,
mainirames and sUPErcompPULErS

9 A large number off SeIVErs ok
mathematical progamimine medels ias
PEEN HEeKEd UprterGANVIS; e-g. MINGOS,
CONCRT
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GAMS Software

Typical GAMS Components

Inputs Outputs
Sets Echo Print
— Declaration
— Assignment of members Reference Maps

Data (Parameters, lables, Scalar)
—  Declaration
— Assignment of values

Equation Listings

Status Reports
jales
— De laration » Results
— Assignment of type

» ASsignment oifi bounds amnd/or initial
ValUESH (optional)

(—

tiens
= Peclarauen
—  [Definiien

E
(b
19

\
[
O

e Statements
y  Display Statemenit (opuional)
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GAMS Software

GAMS Solvers for CGE models

¢ NLP Solvers
— Minos: Stanford
— Conopt: Drud

— Used te selve “sguare™ CGE moedels or
moedels; expressed NLE prellems

¢ VICR: “Sguare ™ selvers
— Miles: Rutherford
—Path: Ferris, Munson, Dirkse
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GAMS Software

Sguare CGE Model

¢ The model has one more eguation tham
nAumber of variables.

¢ he third identity (Walras™ Law) implies
that the excess demand eguations are
functienally dependent.

— Jacehian IS singuiar.
s [DIrEp) Gne EXCESS) demand equation.
— VICE wWillFselverthisimedel:

— NEPFseivers willfalserwoerk: iRe, With
alipltiraRy, GRJECHNVE fRCER:
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GAMS Software

Walras’ Law.

¢ Walras® Law implies a singular Jacobian of
excess demand eguations.

— Standard appreach: drop cne equation.
¢ Altermative: Addl a dummy. variable

— “Walras” variable must be zero at
solution.

— ViedelN s sgueane:
s JacepIanis singuiarat selutien:
siNIERPR2RENVICRISEIVErST al INWere
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GAMS Software

NLP Formulation

¢ Problem Is to find unigue feasible
DasIs.

¢ Objective function IS Irrelevant, buit
judicious cheice of eljective function
may/ Inpreve selver periermance.

¢ Feasible to loosen model and
epmIZe:
— Social welfare function.
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GAMS Software

GAMS MCP Solvers

¢ Facllitate development of CGE
models incorporating
complementarity relationships

s Vinimum wage

s ROS and Impoert raticning

s [P iechnelegy, Specliication

s Agricultural pelicy, FEgImES

s = Regimer shiiit="macrermoedels
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GAMS Software

GAMS NLP Solvers

» Dynamic eptimization: eptimal
growth models.
— Rational expectations models.
— Vacre models.

o \Welare analysis: welliare
maximizatieR Wiith PelIcy,
INStRUMERILS:
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GAMS Software

CGE Models in GAMS

¢ Mid 1980s: convert to GAMS

¢ See Modell Librany (Under Applied General
Equilibrium) inn GAMS welsite for many.
examples off CGE model.

¢ Check Camereon General Equiliarivim
Moedelf Using:
— NEP(NeR-linear Preogramiming)
— CINS| (Constrained Nenlinear System)
— VICE (IVixed Complemenitanity Prelens)

— VIPSGE (Vathemabcal Programming System
e Generalr EquinrumrAnaiy/sis)
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GAMS Software

Cameroon General Equilibrium Model

¢ This general equilibrium model is widely used as
a blueprint for new model developments. It
fellews cloesely the style and type of model
pioneered by Dervis, De Melo and Rebinson In the
jlate 1970.

¢ Reference: Conden, I, Danl, H;, and Devarajan;,
S. Implementing a Computanie General
eguilivritnm Moedel en GAMS = Tihe Camereen
VMiedel. iech: rep:, e WoerldBank, 1967

¢ he enginallmedel s iermulatedras an
eplimIizatenR medel; BUE IS really/a sguare
System el neniinear equaticns:
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