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Abstract
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1 INTRODUCTION

This paper provides a technical description of a variant of a Social Accounting Matrix (SAM)
based Global Computable General Equilibri{f@®GE) model that has been calibrated using
data derived from the Global Trade AnalyBr®ject's (GTAP) database. The model is a
member of a family of CGE models that mottable relationships usj principles described

in the 1-2-3 model (de Meland Robinson, 1989; Devarajaat,al, 1990). More specifically

this model is a direct descendant of anyeldS Department of Agriculture model (see
Robinsoret al, 1990) and a model that was devebbpe evaluate the NAFTA (Robinseah

al., 1993). However numerous features of thalel stem from other developments in CGE
modelling over the last 10 yeassyme of these sources of ilrggion are direct and easily
identified, e.g., the IFPRI standard model (Lofge¢ml, 2002) and the PROVIDE Project
model (McDonald, 2003), others are indirantl easily identifiedg.g., the GTAP model

(Hertel, 1997), while others are both direatiandirect but less eagildentified. In addition

the model owes a lot to the developmenthef SAM approach toational accounting, e.g.,

Stone (1962a and b) and Pyatt (1991), and the SAM approach to modelling, e.g., Pyatt (1987),
Drudet al, (1986).

The underlying approach to multi-region modelling for this CGE model is the
construction of a series of single countryEE@odels that are linkiethrough their trading
relationships. As is common with all known CGE models the price sgstémthe model are
linear homogenous and hence tbeus is upon movements in rile, rather than absolute,
prices. Consequently each region in the mbdslits own numeéraire price, typically the
consumer price index (CPI), and a nominal exchange rate, while the model as a whole
requires a numeéraire, typically the exchande od a reference region. As such this model
contains a fundamentally different philosophical approach to global modelling to that found in
the GTAP modet.Behind this difference lies a efe theoretical debate about how
comparative static and finite horizon dynarGiGE models should valueansfers associated

with the capital accoumtf the balance of payments (see Robinson, 2004).

The rest of this paper is organised as f@foSection 2 reviews the data used in the
model; this section also provides a brief dggon of how the datavere transformed from
the GTAP database into a SAM. This is follalne section 3 by a desptive overview of the

! The GTAP model does not contain nominal exaie rates and has a single global numéraire.
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model and then, in section 4, by a forrdatcription of the model’s equations. The
description in section 4 is based upon a defaiting for the model closure rules; one of the
model’'s key features is the flexibility tfe closure rules and consequently section 5
considers the alternatives built into the masléasic structure. All global CGE models are
large and therefore present a@ieg of potential implementain problems; section 6 briefly
reviews some of the programmes that hasten developed to support the basic model and
provides some guidelines for use of this clasmoflel. The paper ends with some concluding

comments that primarily focus upon planned model developments.
2. MODEL DATA

The data used in the model were derived from the GTAP database (see Hertel, 1997) using a
three dimensional Social Accounting MatrixA(8) method for organising the data. Details

of the method used to generate a SARresentation are reported in McDonald and

Thierfelder (2004a) while a variety of reduced form representations of the SAM and methods
for augmenting the GTAP database are regubit McDonald and Thierfelder (2004b) and
McDonald and Sonmez (2004) respectivelyetailed descriptions of the data are provided
elsewhere so the discussion herknmted to the general principles.

GLOBAL SOCIAL ACCOUNTING MATRIX

The Global SAM can be conceived of as aeseof single region SAMs that are linked
through the commodity trade accounts; this idigalarly valid in the context of the GTAP
database since the ONLY way in which the oegiare linked directly in the database is
through commodity trade transactions althotiggre are some indirect links through the
demand and supply of trade anansport services. Specificallye value of exports valued
free on board (fob) from sourgdo destinatiory must be exactly equal to the value of
imports valued fob to destinatigrfrom sourcex, and since this holds for all commodity trade
transactions the sum of the differences ehlues of imports and exports by each region
must equal zero. However the resultantdrhadlances do not fully accord with national
accounting conventions because other inteorajitransactions are not recorded in the
database (see McDonald and Sonmez, 2004). Aigasa of the transamns recorded in a
representative SAM for a typical regionthre database is provided in Table 1.

2 The GAMS code required foreke different methods of representing the GTAP database are freely

available.



A SAM is a transactions matr hence each cell in a SAMmsply records the values of
the transactions between the two agents identified by the row and column accounts. The
selling agents are identified by the rows,, itee row entries record the incomes received by
the identified agent, while the purchasing @geme identified by the columns, i.e., the
column entries record the expenditures miaglagents. As such a SAM is a relatively
compact form of double entry bookkeeping that implete and consistent and can be used to
present the National Accountsaftountry in a single two-aiensional matrix (see UN, 1993,
for a detailed explanation of the relationshgiween conventional and SAM presentations of
National Accounts). A SAM is complete inetlsense that the SAM should record ALL the
transactions within # production boundary of the Natioedcounts, and consistent in the
sense that income transactions by eacheardy agent are exactly matched by expenditure
transactions. A fundamental consequence oktlesaditions is that throw and column sums
of the SAM for each region must be ideatjcand hence the SAM provides a complete
characterisation of current account transactions of an ecoasmyircular (flow) system. In
the context of a global SAM the completedaconsistent conditionseed extending to
encompass transactions between regionsstimply requires that each and every import
transaction by a region must have an id&itcounterpart expottansaction by another
region. This is enough to ensure that theltastiglobal SAM provides a characterisation of

current account transactions of the glals@nomy as a circular (flow) system.



Tablel

Social Accounting Matrix for a Region in the Global Social Accounting Matrix

Commodities Activities Factors Households Government Capital Margins Rest of World Totals
Combined ] ]
) Private Government Investment  Exports of Margins  Exports of Total Demand fo
Commodities 0 Intermediate Use 0 ) ) ) . .
Matri Consumption Consumption Consumption (fob) Commodities (fob) Commodities
atrix
o Domestic Supply Total Domestic
IActivities . 0 0 0 0 0 0 o
Matrix 0 Supply by Activity
Expenditure on Total Factor
Factors 0 ) 0 0 0 0 0 0
Primary Inputs Income
Distribution of Total Household
Households 0 0 0 0 0 0 0
Factor Incomes Income
Taxes on Taxes on Direct/Income  Direct/Income Total Governmer
Gover nment - ] 0 0 0 0
Commaodities Production Taxes Taxes Income
) Depreciation ] Government Balance on ) ] )
Capital 0 0 Household Savings ) 0 ) Foreign Savings| Total Savings
Allowances Savings Margins Trade
Imports of Trade
) Total Income from
Margins and Transport 0 0 0 0 0 0 0 )
) Margin Imports
Margins
Imports of Total Income from
Rest of World B 0 0 0 0 0 0
Commodities (fob) Imports
Total Expenditure ) ]
Total Supply of Total Factor  Total Household Total Government Total ExpenditureTotal Expenditure
Totals B on Inputs by ) ) ) Total Investment )
Commodities Activit Expenditure Expenditure Expenditure on Margin Exports  on Exports
ctivities

[
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Given these definitions of a SAM the teattions recorded in a SAM are easily
interpreted. In Table 1 the row entries floe commodity accountge the values of
commodity sales to the agents identifiedha columns, i.e., intermediate inputs are
purchased by activities (industries etc.,), fic@sumption is provided by households, the
government and investment demand and ebgemnand is provided by the all the other
regions in the global SAM and the export ofrgia services. The commodity column entries
deal with the supply side, i.e., they id&nthe accounts from which commodities are
purchased so to satisfy demand. Specifically commodities can be purchased from either
domestic activities — the domstec supply matrix valued atusive of domestic trade and
transport margins — or they can be importagtied exclusive of international trade and
transport margins. In addition to paymentsh® producing agents — domestic or foreign — the
commodity accounts need to make expendituidsrespect to the trade and transport
services needed to import the commeditand any commodity specific taxes.

The GTAP database provides compledearage of bi latetdransactions in
commodities valued free on board (fob) but only provides partial coverage of transactions in
trade and transport margins. Specifically the imports of trade and transport margins by each
region are directly associated with thewnts of specific commodities, hence for each
commodity import valued fob the source and destination regions are identified and the value
of each trade and transport margin service isatentified. The sum of the values of trade
and transport services and the fob value of the commodity import represent the carriage
insurance and freight (cif) paigalue of each imported commid But the source regions of
the trade and transport serviage NOT identified, and similarthe values of exports of
trade and transport services by a region do hd@mtify the destination regions. To overcome
this lack of information an #ficial region calledGlobe is included in the database. This
region collects together all theports of trade and transportgees by other regions as its
imports and then exports these to other redgiorssitisfy there demand for the use of trade and
transport services associateith commodity importsBy construction th value of imports
by Globe for each and every trade and trangpargin service must exactly equal the value
of exports for the corresponding trade and trarisgervice. However this does not mean that
the trade balance between Globe and each arg exgion must exactly balance, rather it

requires that the sum of Globdtade balances with other regs is exactly equal to zero.



An important feature of the constructionad6AM can be deduced from the nature of
the entries in the commodity account columns. By definition the columns and row totals must
equate and these transaction totals can be expressed as an implicit price times a quantity and
the quantity of a commodity supplied mustidentical to the quaity of a commodity
demanded. The column entries represent tperditures incurred iarder to supply a
commodity to the economy and hence the impjidite must be exactly equal to the average
cost incurred to supply a commodity. Moreosgrce the row and column totals equate and
the quantity represented by each corresponding emist be same for the row and column
total the implicit price fothe row total must be identical average cost incurred to supply
the commodity. Hence the column entries tdgrihe components that enter into the
formation of the implicit prices in the ronand therefore identify the price formation process
for each price in the system. Typically a SAddefined such that the commaodities in the
rows are homogenous and that all agentehase a commodity at the same price.

Total income to the activity accounts ieidified by the row enigs. In the simple
representation of productionine GTAP database each activity makes a single commodity
and each commodity is made by a single activity, which means that the domestic supply
matrix is a square diagonal matrix. Téspenditures on inputs used in production are
recorded in the activity columns. Activities uaéermediate inputs, whicin this version of
the database are record as compositesmedtically produced and imported commodities,
primary inputs and pay taxes on production. éaxch region the sum of the payments to
primary inputs and on production taxes by activitggsial to the activity’s contribution to the
value added definition of GDP while the sum o&etivities equals #hregion’s value added

measure of GDP.

The remaining accounts relate to the ingtitug in the SAM. All factor incomes are
distributed to the single prawe household after making allowance for depreciation of physical
capital and the payment of dirdaicome) taxes on factor incosixdncomes from factor sales
are also the sole source of income to the household account. Three categories of expenditures
by the household account are recorded; direcb(ne) taxes, savings and consumption. The
government receives incomes from commothixes, production taxes and direct taxes on
factor and household incomes, and usesititaime to pay for consumption and for savings.

In the basic form of the database governmevinga are essentially zero for all regions; this



stems from the reduced form representatiomtoé institutional transactions provided by the
GTAP database (see McDonald and Thierfelder, 200@hgre are therefore five sources of
savings in each region: depi&mn, household/private savinggvernment savings, balances
on trade in margin services and balammesrade in commodities, but only a single

expenditure activity — invement (commodity) demand.

As should be apparent from the descriptbthe SAM for a representative region the
database is strong on inter raggal transactions but relatiygparsimonious on intra regional

transactions.

DATABASE DIMENSIONS

The dimensions of the SAM are detergdrby the numbers of accounts within each
aggregate group identified in Table 1, while #ictual numbers of accounts in each group of
accounts are defined for versibrt and 6.0 of the GTAP database in Table 2. Given the large
number of accounts in the SAMs for each regiod the relatively large number of regions

the total number of cells in the global BAs very large, although only slightly over 10

percent of the cells actually contain non zeries; nevertheless this still means that the
GTAP database contains some 4 million trafieacvalues, which implies that there are some
8 million possible prices and quantities that can be deduced from the database. Even allowing
for the implications of adopting the law of opece for transactions in the row of a each
region’s SAM and for other ways of redagithe numbers of inggendent prices and

quantities that need to be estigdhin a modelling environment,i# clear that the use of the
GTAP database without aggregutiis likely to generate extraly large models (in terms of

the number of equations/variables). Consetjyeexcept in exceptional circumstances all

CGE models that use the @F data operate with aggregations of the database.

McDonald and Sonmez (2004) demonstrate a simple way to overcome some aspects of this limitation of
the database.



Table2 Dimensions of the Global Social Accounting Matrix

Account Groups Sets Total Number of Accounts
GTAP54 GTAPG6.0

Commodities C 57 57
Activities a 57 57
Factors f 5 5
Taxes (2*r)+(1*f)+3 164 182

Other Domestic Institutions 3 3 3
Margins 3*r 234 261
Trade r 78 87
Total 598 652

Total Number of Cellsin the Global SAM 27,893,112 36,984,048

3 OVERVIEW OF THE MODEL

BEHAVIOURAL RELATIONSHIPS

The within regional behavioural relationships siraple in this variant of the model; it is easy
to make them more complex but the focughis variant of the mdel is upon international
trade relationships. The adties are assumed to maximise profits using technology
characterised by Constantticity of Substitution (CESroduction functions betaen
primary inputs and Leontief technology betweggregate primary inputs and intermeelia
inputs. The household maximises utility sedijto preferences represented by a Cobb-
Douglas utility function, havingrst paid income taxes arthving saved a fixed profgmn

of after tax incomé.

The Armington assumption is used for trademestic output is diributed between the
domestic market and exports according to @tstage Constant Elagtic of Transformation
(CET) function. In the first stage a domegtroducer allocates outpto the domestic or
export market according to thdagve prices for the commodity on the domestic markeit a

the composite export commodity, where the composite exponnoality is a CET aggregate

A version of this model with a Linear Expenditure System is also available.
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of the exports to different regions — the disition of the exportbetween regions being
determined by the relative export priceshode regions. Consequently domestic producers
are responsive to prices in the different maykethe domestic market and all other regions in
the model — and adjust their volumes of salecording relative prices. Domestic demand is
satisfied by composite commodities that are formed from domestic production sold
domestically and composite imports. Thisgess is modeled by a two-stage CES tionc

At the bottom stage a composite import comityod a CES aggregate of imports from
different regions with the qudties imported from different regions being responsive to
relative prices. The top stage defines mposite consumption commodity as a CES
aggregate of a domestic commodity and a amsitp import commodity with the mix being
determined by the relative prices. Hence the optimal ratios of imports to domestic
commodities and exports to domestic commodities are determined by first ordiioosn
based on relative prices. Thegaiand quantity systems are ddsed in greater detail below.

All commodity and activity taxeare expressed as simphvalorentax rates, while
income taxes are defined as a fixed proportdhousehold income. Import duties and export
taxes apply to imports and exports, while stédages are applied to all domestic absorption,
I.e., imports are subject to sequential impotietuand sales taxes. Production taxes are levied
on the value of output by each activity. Income taxes are taken out of household income and
then the households are assumed to save a fimpof disposable income. This proportion is

either fixed or variable according to tblesure rule chosen for the capital account.
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Table2

Behavioural Relationshipsfor a Global CGE Model

Commodities Activities Factors Households Government Capital Margins Rest of World Prices
. - ) Consumer
o Leontief Input-Outpt Cobb-Douglas Utility Fixed Shares of = Two-Stage CET  Two-Stage CET )
Commodities 0 o 0 ) Fixed Exogenously . ) ) Commodity|
Coefficients Functions Savings Functions Functions bri
rice
Activity
Total Supply from "
IActivities _ PRY _ 0 0 0 0 0 0 Prices
Domestic Production 0
CES Production )
Factors 0 . 0 0 0 0 0 0 Factor Price
Functions
Fixed Shares of
Households 0 0 0 0 0 0 0
Factor Income
Gover nment Ad valorem tax rates Ad valorem teates 0 Average tax rates 0 0 0 0
. Current Account
) Shares of Factor Shares of househol@Government Savings . . Current Account
Capital 0 0 . . 0 ‘Deficit’ on Margins o
Incomes income (Residual) ‘Deficit
Trade
) Fixed Technical
Margins . 0 0 0 0 0 0 0
Coefficients
Two-Stage CES
Rest of World ) 0 0 0 0 0 0 0
Functions
Producer Prices
Prices Domestic and WorlgValueAdded Prices
Prices for Imports
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Table3 Transactions Relationshipsfor afor a Global CGE M odel

Commodities Activities Factors Households  Government Capital Margins RowW
PQD, * QINTD PWE,* QER
COMMODITI 0 (PQD.* QINTD 0 (PQD,* QCO) (PQD,* QGD) (PQD,* QINVD) *ER
ES
Activities (PDS* QDS) 0 0 0 0 0 0 0
Factors 0 (WF, * FD; ,) 0 0 0 0 0
hovash
Households 0 0 > f 0 0 0 0
— *YFK

tm/v,c* PWNIWC

*QMR,.* ER
Government | (te, . * PWE,, (b * PX* QX)) (ty* YH) 0 0 0

*QER,.* ER

(tsc* PQS* QQ)

Capital 0 0 0 (kaphostt YH  (YG- EQ 0 (KAPREG* ER
Margins 0 0 0 0 0 0 0
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PWMFOB,,

Rest of World ’ 0 0 0 0
*QMR,.* ER

Total (PQD.* QQ)  (PX,* QX)) YF YH YG INVEST
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Government expenditure consists of comityo(final) demand, which is assumed to be
fixed in real terms. Hence government saving, eritibernal balance, gefined as a residual.
However, the closure rules for the government account allow for various permutations. In the
base case it is assumed that the tax eatdssolume of government demand are fixed and
government savings are calculatechassidual. However, the tax rates can all be scaled using
the tax specific scaling factors; hence foramse the value of government savings can be
fixed and one of the tax scalars can be me@ble thereby producing an estimate of the
constrained optimal tax rate. If the analyssiés to change the relative tax rates across
commodities (for import duties, export taxeglaales taxes) or across activities (for
production taxes) then the respee tax rate paameters can be altered via a second adjuster.
Equally the volume of government consumptiam be changed by adjungy the closure rule
with respect the scaling adjuster attachethéovolumes of government consumption. The
pattern of government expenditus altered by changing tiparameter that controls the

pattern of government expenditummgovconst

Total savings come from the households$emrises, the internal balance on the
government account and the external balanabetrade account. The external balance is
defined as the difference betweadte value of totalxports and total impost converted into
domestic currency units usingetlexchange rate. In the basedel it is assumed that the
exchange rate is fixed and hence that theraal balance is variable. Alternatively the
exchange rate can be made variable and thenatealance can be set at a sustainable level
of deficit/surplus. Expenditure by the capital account consists solely of commodity demand
for investment. In the base solution it is assuthatlthe volume of investment adjusts so that
total expenditure on investment is equal toltséaings, i.e., the closure rule presumes that
savings drive investment expenditures. Thegpatdf investment volumes is fixed, and hence
the volume of each commodity changes empprtionately according to the volume of
savings. It is possible to fix éhwolume of real investment atften allow the savings rate by
households to vary to maintain balance indagital account, and it is possible to change the

patterns of investment by changing the investment parameteds@ns}.
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PRICE AND QUANTITY SYSTEMS F& A REPRESENTATIVE REGION

Price System

The price system is built up using the prineighat the components of the ‘price definitions’
for each region are the entries in the column®fSAM. Hence there are a series of explicit
accounting identities that define the relatiopsHietween the prices and thereby determine
the processes used to calibrdie tax rates for thiease solution. However, the model is set up
using a series of linear homogeneous relatigmssand hence is only defined in terms of
relative prices. Consequently as part of tHécaion process it is nessary set some of the
prices equal to one (or any other number sheils the modeler) — this model adopts the
convention that prices are normalised at thellef the CES and CET aggregator functions
for PXCandPQS The price system for a typicalgien in a 3 region global model is
illustrated by Figure 1 — note that this repentation abstracts from the Globe region.

The relationships between the various pricethe model are illustrated in Figure 1.
The domestic consumer pricddJD) are determined by the domestic prices of the
domestically supplied commoditieBD) and the domestic price$ the composite imports
(PM), and by the sales taxds)(that are levied on all domestic demand. The prices of the
composite imports are determined as aggregditéde domestic prices paid for imports from
all those regions that supply imports to this econdR) under the maintained assumption
that imports are differentiated by their souregion. These region spdciimport prices are
expressed in terms of the doriesurrency units after paying for trade and transport services
and any import duties. Thus a destinatiogior is assumed to purchase a commodity in a
source economy where the price is definethensource economies currency units and is
valued free on board (fob), i. WMFOB The carriage insurance and freight (cif) price
(PWM) is then defined as the fob priceipkrade and transport margin servigaangcor)
times the unit price of margin servicé3Ij. The cif prices are related to the domestic price of
imports by the addition of any import duti¢si( and then converted into domestic currency

units using the nominal exchange ré&

The prices for commodities by activitieBXC) are determined by the domestic prices
(PD) and the composite export pricé]. The composite exportipes are a CET aggregate
of the export prices received by the sourcenemy for exports to geific destinations
(PER), whereas the prices paid by the deston regions are net of export taxes and are
expressed in the currency units of thedal's reference region by use of the nominal

15



exchangeRWE). Notice how the export prices by region of destinatBR) are all
normalised on 1, but the seeming counterpinormalising import prices by source region
(PMR) are not normalised on 1. The link betw#enregions is therefore embedded in the
identification of the quantitiesxchanged rather than the nolised prices and is a natural

consequence of the normalisation process.

Figurel Price System for a Typical Region

PWMFOB,, PWMFOB,, PWMFOB-,

A

PWE_ | PWE » PWE, 5
POD.
teu‘/ f€2_“/ tes.c/ \
ER -~ ER - ER -~ 15,
PER. =1 PER. =1 PER. =1 POS, = 1
T e
042
PE. =1 PD,. =1 PM, =1
. T
PXC.= 1 PMR,, PMR;, PMR;,
tml_c/ tm2.c/ tm}.c/'
ER |  ER ER,
PX,
PWM[_‘ PWMZ( PWM3 ¢
X, 4———o!
Pl red
> PQ.* comactcy, <— Margeor . margeory .| Margeors..
c ' *PTI *PT2 *PT3
 / PWMFOB, PWMFOB,. PWMFOB;,
: y y
PWE, PWE , PWE, 5

The price system also contains a seriesquiilibrium identities. Namely the fob export
price (PWE) for regiom on its exports to regiopmust be identical to the fob import price
(PWMFOB) paid by regiony on its imports from regior. These equilibrium identities are
indicated by double headed arrows.
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Finally the value added priceBY) are determined by the activity pricé®q, the
production tax ratedX), the input-output coefficientegmactcd and the commodity prices
(PQD). The activity prices are a one to onepmiag of the commaodity prices received by

activities PXQO); this is a consequence of the suppigtrix being a square diagonal matrix.

Quantity System

The quantity system for a representativgigr is somewhat simpler. The composite
consumption commodityJQ) is a mix of the domestadly produced commoditydD) and

the composite import commodit®), where the domestic and imported commodities are
imperfect substitutes. The composite import commodity is also an aggregate of the
commodity imported from different region@§R), which the equilibrium conditions
requires are identical to the quiies exported by other registo the representative region
(QER. The composite consumption commodsgyhen allocated between domestic
intermediate demand®(NTD), private consumption demanQCD), government demand
(QGD) and investment deman@INVD).

Figure2 Quantity System for a Typical Region
—— QINTD,
————» QCD,
OMR, OMR; OMR;. - QGD,
f—————» QINVD,
v
QFR.| QFER. > QER. ; 00,
T \
-Q(Z
QE, oD, oM,
Oc2
NS
o T
QXC, OMR, OMR;. OMR;s
0X, QFR.,| QFR,, QFR, ;

On the output side, domestic output by activipX] is identical to domestic commodity
output QXC). Domestic commaodity is then aflated between the domestic mark@bj and

17



a composite export commoditQE) under the maintained slamption of imperfect
transformation, and similar the compositpert commodity is allocated between the
different destination region®QER) under the maintain assumption of imperfect

transformation.

THE GLOBE REGION

An important feature of the model is theeusf the concept of a region known as Globe.
While the GTAP database contains complekatdial information relating to the trade in
commodities, i.e., in all cases transactiongdeatified according to their region of origin
and their region of destination,ishs not the case for tradenmargins services associated
with the transportation of conodities. Rather the GTAP databases identifies the demand, in
value terms, for margin services associatétl inports by all regions from all other regions
but does not identify the regionathsupplies the margin servicassociated with any specific
transaction. Consequently the data for th@aled side for margin services is relatively
detailed but the supply side is not. Indeed tHg sapply side information is the total value of
exports of margin services by each regiore Giobe construct allows the model to get
around this shortage of information, whilensiltaneously providing a general method for
dealing with any other transactions dataere full bilateral iformation is missing.

The price system for the Globe regiorillisstrated in Figure 3. On the import side
Globe operates like all other regions. The commeslitised in trade and transport services are
assumed to be differentiated by sousod aggregated using a CES andmatentiallyincur
trade and transport marginedrgcon and face tariffst(n); in fact the database does not
include any transport margins or tariff datariwargin services in relation to the destination

region, although they can, and do, incxp@rt taxes levied by the exporting region.

The export side is slightly different. In efft the Globe region is operating as a method
for pooling differentiated commaodities used in trade and transport services and the only
differences in the use of trade and transpaxtices associated witiny specific import are
the quantities of each type tvhde service used and the roixtypes of trade services.
Underlying this is the implicit assumption thestich type of trade sgace is homogenous, and
should therefore be sold at tb@me price. Hence the export price system for Globe needs to
be arranged so that Globe exp@ats single price, i.e., thereauld be a infinite elasticity of

substitution between each typetde service exported irresgpige of its destination region.
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Therefore the average export pri€E) should equal the price paid by each destination region
(PER which should equal the exportige in world currency unitdAWE) and will be
common across all destinatioriT].

Figure3 Price System for the Globe Region
PT, PT, PT,
PWE,, PWE,, PWE,,
R4 ( R4 { ER 4 (
PER, =1 PER =\ PER =1
o0
PE,=1
PM,=1
o,
\\_/
P/\/[RI . PMRZU PMR.M
m, u/' ””zu/v ”".u/
R, 7| ER, Er 7
PWM,, PWM,_ PIM,,

e e e
margeor, margeor, . | margeor, .
PWMFOB,, PWMFOB,, PWMFOB,

' ' '

PWE, | PWE,, PWE, .

The linked quantity system contains the same asymmetry in the treatment of imports
and exports by Globe, see Figure 4. The impafrtsade and transport commodities are
assumed to be differentiated by region of origence the elasticity aubstitution is greater
than zero but less than initiy, while the exports of traaland transport commodities are

assumed to be homogenous and hence thicélas of transformation are infinite.

One consequence of using a Globe region &atdrand transport seéces is that Globe
runs trade balances with all other regions. Theske balances relate to the differences in the
values of trade and transport commaodities imported from Globe and the value of trade and
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transport commodities exported to Globe; howekiersum of Globe’s trade balances with
other regions must be zero since Globe is a@eifconstruct rather than a real region. But

the demand for trade and transport serviceanyyregion is determined by technology, i.e.,

the coefficientsnargcor, and the volume of imports demanded by the destination region. This
means that the price of trade and transport codiies only have an indirect effect upon their
demand — the only place these prieager into the import decision asvariable is as a partial
determinant of the difference between flob and cif valuations of other imported
commodities. Consequently the primary n&r&learing mechanism for the Globe region
comes through the quantity of trade arahsport commodities it chooses to import.

Figure4 Quantity System for the Globe Region
QTLC QTZ,C QT3,L'
QERC, 1 QERc,z QERC,3
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The Globe concept has other potential usese model. All transactions between
regions for which there is ansdnce of full bilateral information can be routed through the
Globe region. While this is not a ‘first besolution, it does provida ‘second best’ method
by which augmented versions of the GTAP dasabzan be used to enrich the analyses of

international trade in a global model prior t@éability of full bilateral transactions data.
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4. FORMAL DESCRIPTION OF THE MODEL

This formal description of the model proceedsourfstages with three ¢fiem in this section
and the fourth, relating tmodel closure rules, being detallin the next section. For this
section the description begins with identificatiortteé sets used in the model, this is followed
by details of each equation (block) in the mode ands with a table that summarises all the
equations and identifies the associated vsthe counts for equations and variables and

identifies whether the equation is ilemented or not for the Globe region.

MODEL SETS

Rather than writing out each aadery equation in detail it isseful to start by defining a

series of sets; thereafteraifboehavioural relationship apmiéo all members of a set an

equation only needs to be specified once. The natural choice for this model is a set for all the
transactions by each regiaaf plus a series of sets that group commaodities, activities,
factors, import duties, export taxes, trade magirade and finally soe individual accounts

relating to domestic institutions. Tloater set for any region is defined as

sac= { G g f, hous tmr ter tff prodtax saltax dirtax gqvt kap owatpmarg w}otal

and the following are the basic sets for each region in this model

c(saQ = {commoditie$
a(sag = {activities;
f (sag = {factorg
tmr(sag = {import dutie$
ter(sag = {export taxes
tmr(sag = {factort taxe$
owatpmarg sar= {trade and transport margjns

w(sag = {rest of the world - trade

Various subsets af are declared and then assigned enltfisis of certain characteristics of
the data set used to calibrate the specifice@mgntation of the model, so-called dynamic sets.

These subsets are
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ct(c, r) = {trade margin commodities

ctn(c r) ={non-trade margin commoditi}es

cmrn( G r, W) = {non-imported commodities by region

{
{
ce( G 1) = {export commoditiels
cen( ¢ 1) = {non-export commoditigs
cer(g r, w) = {export commodities by regipn
cern(G r, W) = { non-export commoditiesy regior}
cm( G 1) = {imported commoditids
cmn( ¢ 1) = {non-imported commoditigs
cmr(g r, w) = {imported commodities by regin
{
{

cX(G 1)
cxn(c, r) = {commodities NOT produced domestically AND impor}ted
cd(c )
cdn(c 1)
cintd(g r) = {commodities WITH itermediate demand by regi}on

commodities produced domesticglly

commodities produced AND demanded domesti¢a|ly

{
{
{commodities NOT produced AND demanded domesti¢ally
{
{

cintdn( g r) = {commodities WITHOUT intermediate demand by region

It is also necessary ttefine a set of regiom, for which there are two subsets

r2(r) = {all regions excluding Glofe

ref(r) = {reference regions for global numerz}i're

A macro SAM that can be used to cheekious aspects of model calibration and

operation is very usefulhis needs another set

Ss= { commdty activity valuad hholds tmjakate govtn kapital margs,world tota}ls

Reserved Names

The model uses a number of names that arevexteThe majorities of these reserved names

relate to taxes and are reserved to #asenodeling of tax instruments; these are

DIRTAX Direct Taxes

SALTAX Sales Taxes
PRODTAX Production Taxes

FACTAX Factor Taxes
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The other reserved name is for the cap#aifsgs account. The reserved name is kap

and this account handles all irtnent expenditures and savings.

Conventions

The equations for the model are set out m‘ldocks’; which group te equations under the
following headings ‘exchange rates’, ‘tradeiith sub blocks for ‘exports’ and ‘imports’,
‘commodity prices’, ‘numéraire’, ‘production‘factors’, ‘household’, ‘government’ — with
sub blocks for ‘taxes’ and x@enditure’, ‘kapital’ (savingand investment) and ‘market
clearing’ — with various sub blocks for differtedimensions of model closure. This grouping

of equations is for ease of reading of the modtler than being a reqament of the model.

A series of conventions are adopted fa ttaming of variables and parameters. These
conventions are not a requirement of the modelianguage; rather they are designed to ease
reading of the model.

= All VARIABLES are in upper case.

» The standard prefixes for variable names Bri@r price variablesQ for quantity

variables W for factor pricesF for factor quantities: for expenditure variabley,
for income variables, andfor value variables

= All variables have a matching parameter idantifies the value of the variable in

the base period. These parameters aupjer case and carry a ‘0’ suffix, and are
used to initialise variables.

= A series of variables are declared th&alfor the equiproportionate adjustment of

groups of parameters. These variables are named using the contekidn
where ** is the parameter series they adjust.

= All parameters are in lower case, except those used to initialise variables.

= Names for parameters are derived usinggantabbreviations ith the row account

first and the column account second, e.gc@ut* is a parameter referring to the
activity:commaodity (suppl or make) sub-matrix;

= Parameter names have a two or fivarelster suffix which distinguishes their

definition, e.g., *shis a share parameter,avis an average and **const is a

constant parameter;
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EQUATIONS FOR THE MODEL

The model equations are repari@nd described below and then they are summarised in
Table4.

Exports Block Equations

The domestic prices of commodity exporshy destinationw, and sourcer, region PER

are defined as the productwbrld prices of exportdAWE — also defined by commodity and
destination and source region, smirce region’s exchange rakERj and one minus the
export subsidy rafgte) multiplied by a region specific export subsidy rate adjustment
variable TEADJ.

PER,, = PWE,* ER (1-( TEADX (e, )) vV « cer (X1)

The possibility of non-traded commaodities metrat the equations for the domestic prices of
exports (and imports) are only implementedtfamse commodities that are traded; this
requires the use of a dynamic s, which is defined by those commodities that are
exported in the base data. Also noticat the world prices of exportB\E are defined as
variables; in a global model the small cayritade assumption is not valid since, by
definition, world prices are endogenous aretéiiore ALL regions @ treated as ‘large’

producers of a commodity.

The prices of the composite export comitied can then be expressed as simple
volume weighted averages of the of the export prices by region,

PE,. *QE, =Y PER.,* QER, V e cea 2 (X2)

wherePE. ; andQE;, the price and quantity ofédhcomposite export commodityfrom region

r, and the weights are the volumesds of exports and are vaili@abThis comes from the fact
that a CET function is liner homogenous anddeeEulers theorem can be applied. Notice
however that (X2) is only implemented of the isiti.e., the region Globe is excluded. Rather

the composite export price for trade margommodities from Globe is given by

PER,, = PE, Vo 2 o R, We W (X3)

Defining export taxes as negative subsidies meatgtare is symmetry between the treatment of import
duties and export subsidies when coding the model in GAMS.
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which indicates that it is assumed thattitaele margin commodities exported by Globe are
perfect substitutes for each other, i.e., the sanoe is paid for each trade margin commodity

by ALL purchasing regions.

Domestic commodity outputQXC) are either exported)E) as composite
commodities or supplied to the domestic markdd). The allocation of output between the
domestic and export markets is determinedhgyoutput transformatn functions, Constant
Elasticity of Transformigon (CET) functions, (X4)

_r
QXC,, = at, (7o, * QY™ +(L-r.,)* QE™ )™ (X4)
VCE(CdF\CG), rer2

with the optimum combinations E andQD determined by first-order conditions (X5)

QE,, :{ PE, . (1_7Cvf)}(m%_l) vee(adnoe), rer2. (X5)

QDc,r I:)Dc,r j/c,r
However, some commodities are non-tradedtarcefore X4 and X5 are implemented if and
only if the commodity is traded. This meahat domestic commodityutputs are undefined
for non-traded commodities, but by definition theantity supplied to the domestic market is

the amount produced, hence

QXC,, = Q0, Vce(cdn cep, E 2. (X6)

Furthermore it is necessary to cover theguaility that a commodity may be produced

domestically and exported but reinsumed domestically, hence
QXC,, = QE, Vee(cdm cp & 2. (X7)

These quantity equations deal howeveyamikh the composite export commodities,
i.e., hypothetical commodities whose roles inrtiwel are to act as neutral intermediaries
that enter into the first-ordeonditions that determine thetopal mix between domestic use
and exports of domestic commodity protoe (X5). In fact the composite export
commodities are themselves CET aggregates of commodity exports to different regions

(QER), i.e.,
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PER . /(/rhotc’v,—l)
PEC,I' * gamn-u,lr,w* aﬂ,hl'()t{:‘r

QER,[,W = QEr * (X8)

vcecerrer2
for which the corresponding firstder condition is given by (). Note however that (X8)
does not define the exports of trade mamgimmodities BY Globe; this is because these
commodities are assumed to be perfect substitutes and therefore simple addition is adequate,

i.e.,

QE,=> QER,, Ve cr 2. (X9)

Finally there is a need for an equilibriwanditions for trade by Globe. Since Globe is a
artificial construct whose sole role in the mbideto gather exports whose destinations are
unknown and supply imports whose sourcesuat@own, and visa versa, it must always
balance its trade within eaperiod. Thus the volume exportstedde margin commaodities by
Globe must be exactly equal to the volumeorts of trade margin commodities, i.e.,

QE., = QM,, Vce c@, re r2. (X10)

Imports Block Equations

The prices of imported commodities are madeiugeveral components. The export price in
foreign currency units — Waed free on board (fobPWMFOB — plus the cost of trade and
transport services, which gives the import erearriage insurance and freight (cif) paid
(PWM), plus any import duties; all of which ateen converted into domestic currency units
(PMR). Clearly the imporprice values fooRWMFORB is identical to tk export price valued
fob (PWE - this condition is imposed in the matlclearing block (selbelow) — and hence

the cif price can be defined as

PWM,,, = PWMFOB, , + Z margeQr, ¢ P,
cpect (Ml)

Vcecmr
wheremargcoris the quantity of tradend transport services recgd to import a unit of the
imported commodity anBT is the price of trade and trgport services. Embedded in the
definition of the coefficienimargcoris the explicit assumption that transporting a commodity
from a specific source to a specific destimatiequires the use afspecific quantity of

services — the actual cost of these serviceyagnaccording to chang@sthe prices of the
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trade and transport servicestioe quantity of services regad to transport a particular

commodity.

The domestic prices of imports from a regi®R) are defined as the product of world
prices of importsRWM) — after payment for carriage suwrance and freight (cif) - the
exchange rateeR) and one plus the import tariff ratien] multiplied by a tariff rate
adjustment variableTMADJ)

PMR,,, = PWM, , * ER (1+( TMADJ* tmyw)) . (M2)

Vcecmr
The possibility of non-traded commodities metrat the equations for the domestic prices of
imports are only implemented for those commoditied are traded; this requires the use of a
dynamic setcmr, which is defined by those commodities that are imported by a region from
another region in the base data. Alsticeohow the world prices of importB\WM) are

defined as variables.

The prices of the composite import comntigs$ can then be expressed as simple

volume weighted averages of the of the export prices by region,
PM., *QM,, = Z PMR,.,* QMR,, V & cm (M3)

wherePM., andQM, the price and quantity of the composite import commazity region

r, and the weights are the volume shares of inspaontl are variable. This comes from the fact
that a CES function is liner homogenous analceeEulers theorem can be applied. Notice
however that (M3) isnly controlled by the s&m in contrast to (X2) — the composite export
price — which was also controlled by the is&ti.e., the region Globe was excluded. This
reflects the fact that the region Globe does import commodities using the same trading
assumption as other regions but only exportadgenous trade and transport services, which

explains the need for the equation (X3).

However, both domestic and foreign prodscesin supply commodities to the domestic
market. The composite (consumption) comniediare a mixture of composite imporg3Vy)
and domestic demand from domestic product@b); The mixtures between the domestic
and import supplies are determined by the swit®n functions, Contsint Elasticity of
Substitution (CES) functions, i.e.,
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QQ, = ag, (J, * QM ™ +(1-4,,)* QR )[mo;] (Ma)

Vece(cxnem), rer2

with the optimal combinations @M andQD being determined by first-order conditions, i.e.,

1
M PD S (t+rhoc . )
Q c,r :|: Cr % c.r ):| ‘v’Ce(me Cm), rer2. (M5)

QDc,r I:)'vlc,r (1_ 5‘c,r

However, some commodities are non-traded therefore M4 and M5 are implemented only
if the commaodity is traded. This leav@€ undefined for non-traded commaodities, but by

definition the quantity demanded by the dotitemarket is thamount produced, hence

QQ,=QD, Vee(oxn cmiy, E 2. (M6)

Furthermore, it is necessary to cover the lityi that there is no domestic production of a

commodity, hence
QQ, =QM,, Vce(cxm cm, E 2. (M7)

The composite import commodities are defiasdCES aggregates of the imports from

different regionsQMR), i.e.,

r

PM_, * deltq, ,

PMR,,,,* acf™ ]%mocérﬂ) y o
— - Ce cmr

Q'\/IR,I‘,W = QMC,I’ * [

where the first order conditions come frore fhrice definition terms for composite imports,
PM (M2) and are only implemented for those casfere there were import transactions in
the base period — this is controlled by theceet However also associated with any imported
commodity is a specific quantity of trade amahgport services. These services are assumed
to be required in fixed quatigs per unit of import by a spéc region from another specific

region, i.e.,

QTc,r,w:Z(QMRp,r,w* margcqrcp,r,w) vV & ﬁ, E 2 (Mg)

cp
where themargcorare the trade and transport coefficients associated with a unit (quantity)
import by regiorr from regionw. This is only implemented for trade and transport

commodities €t2) and for regions thaactually’ import goodsrR).
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Commodity Price Block Equations

The composite price equations (CP1, CR@ &P3) are derived from the first order

conditions for tangencies to consumption anabuction possibility frontiers. By exploiting
Euler’'s theorem for linearly homogeneous functitms composite prices can be expressed as
expenditure identities rathdran dual price equations fexport transformation and import
aggregation, such thRQSis the weighted average of theoducer price of a commodity,
whenPD is the producer price of dostecally produced commodities afd/l the domestic

price of the compositenported commodity, i.e.,

PQS, =( PR, * QR,)+( PM,* QM,) Ve(cl cp e 2. (CPL

whereQD the quantity of the domestic comnityddemanded by domestic consumeps/

the quantity of composite imports a@) the quantity of the composite commodity. Notice
how the commodity quantities are the weightsis composite commaodity price (CP1) does
not include sales taxes, which create@rvedges between the phaser price of a

commodity PQD) and the producer priceBQS. Hence the purchaser price is defined as the
producer price plus the sales taxes (CP2), i.e.,

PQD,, = PQS, *(1+( TSADX f5)) VvV €( od dm er2r (CP2)

This formulation means that the sales taxederied on all sales on the domestic market,
irrespective of the originf the commodity concerned.

The composite output price for a commodgyalso derived by exploiting Euler’s

theorem for linearly homogeneous functions, and is given by

_(PD,,*QD,,)+(PE..* Q&)
o QXC, : (CP3)
Ycecx rer?

wherePD is the domestic producer price for thetput of commodities supplied to the
domestic markeQD is the supply of output to the domestic mark¥#E,is the quantity
exported by activitied?XCis the composite outpprice by commodity an@XCis the

quantity of domestiproduction by commodity.
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Numéraire Price Block

It is also desirable to define a price numérdar each region; for this model two alternative
numéraire are defined so as to allow theeier some discreticas to the choice of
numeéraire. The consumer price indic€®() are defined as base weighted sum of the
commodity prices, where the weights are theeahares of each commaodity in final demand

(comtotsh), i.e.,

CPI, =) comtotsh, * PQ vV E 2. (N1)

The domestic producer price indic€$() are defined as the weighted sums of the
commodity prices received Iproducers on the domestic market, where the weights are the
value shares of each commodity supplied byeéstic producers to the domestic market
(vddtotsh), i.e.,

PPI, =) vddtotsh, * PD, Ve R. (N2)

This provides a convenient altative price normalisatn term; if the exchange rate is also

fixed it serves to fix the real exchange rate.

Notice how both price indices are controltedoe implemented only for those regions
that have consumption and production activitiésnce the Globe does not have its own price

indices, rather the price indicés Globe are those of thefeeence region in the model.

Production Block Equations

The output price by activity?(X) is defined by the share obmmaodity outputs produced by

each activity, as

PX,, = actcomactsh,* PXC V « 2 (P1)

where, for this case, the weighég{comactshare equal to one where the commodities and
activities match and zero othgse, i.e., there is a one to one mapping between the
commodity and activity accounts. The weightsdegved from the information in the supply

or make matrix.

The presence of intermediate inputs arebpction taxes in this system requires the
definition of the value added pricBY). This is defined as the activity prideX) less
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payments for intermediate inputsdaproduction taxes per unit of outpti)(multiplied by an
indirect tax rate gdstment variableTXADJ. The assumption of fixeproportions in the use

of intermediate inputs, i.e., Leortigtyle input-outputoefficients ¢comactcy, means that the
payments for intermediate inputs are the weighted sums of the intermediate input coefficients

where the weights are the consumecgsiof the composite commodities, i.e.,

PV,, =(PX,, *(L-( TXADI* tx)))- (Z PQ* comact,gg,} | 2)
Vrer2
The production sub-block consists of thegurction function (P3), mmapping of activity
outputs QX,) into commodity supplies (P6) and fiwrder conditions for profit maximization
(P4). The specification for production useSS production functions, which allows for
elasticities of substitution other than unity.ahgit is an aggregation function over the all

factors that are demanded by each actiE®:(), where

QXa,r:adcegr*{Z&a,,* FD;,} e VE R (P3)
f

with efficiency parametersidices,) and the factor shareg{, ,) calibrated from the data and

the elasticities of substition, from which the substitution parameters are deriygg ),

exogenously imposed. The associated first-ocdaditions for optimal factor combinations
are derived from equalities between the wagesréor each factor in each activity and the

values of the marginal productsthbse factors in each activity, i.e.,

WF, , * WFDIST

-1

B, o
=pva'r*adce§r*{25x " F[p;af;}[paj * 5xx FhOAY (P4)
f

far far

Vrer2,o;

f.ar

Since production uses intermediate inputs @#l$® necessary to specify the demand for
intermediate inputsFINTD). This is done from the perspective of commodity demands, i.e.,
it is summed over activities to produce thamand for intermediate inputs by commodity

rather than by activity
QINTDCJ:Zcomactcp’a],* QX, V & 2, mt @?7? (P5)
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This is linked to the marketedring equation ??? below. Finallys necessary to define the
relationship between activitynd commodity outputs, which tee counterpart to the price
equation linking commodity and activity pric@3l). This is defined as a simple linear
relationship whereby the commodiytput is defined as thersuwof the quantities of each

commodity produced by each activity, i.e.,

QXC,, =Y actcomactsh,* QX Ve (P6)

Factor Block Equations

The total income receiveny each factor accounYf) is defined as the summation of the

earnings of that factacross all activities (F1),

YF,, =Y WF, * WFDIST,,* FP,, V& . (F1)
a

Only a proportion of totaldictor income is available falistribution to the domestic
institutional accounts. First allowance mustnba&de for depreciatiomvhich it is assumed
takes place at fixed ratedepreg;) relative to factor incomes and the payment of factor
income taxestyf,) that are assumed to be simple average ad valorem rates but with the
option of an adjustment factofYFADJ, i.e.,

YFDIST,, =( YF, —( depreg * YF))* (1-( TYFAP3 tyf))
Vrer2

Although implemented over all factors, this egomatis only relevant in this model for income

. (F2)

to the factor capital.

Household Block Equations

Households acquire income from only one soumdis model; the sale of factor services.

Therefore household incomeH)) is defined as

YH,, =Y YFDIST, V re 2. (H1)
f

Household consumption demand is derivethia stages. In the first stage (H2)
household consumption expenditureeKP) are defined as household incomes after the
payment of direct taxes and saviragsl inter household transfers, i.e.,
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HEXR,, = (YH” *(1-( TYHADJ* tyh )))
(H2)
*(1-(SADJ* kaphsh)) Vv & 2
Note how the saving rates are defined as proportbagier tax incomes that are saved; this
is important for the calibration of the incort@x and savings parameters. The quantities of
each commodity demanded by the household are then defined by the shares of household
consumption expendituredmhoay divided by the consumer pa of the specific commodity

(H3). This is a specification for@obb-Douglas utility function, i.e.,

(Zcomhoay,h,r* HEXﬁj
CD,, =~
o PQ.

Vrer2. (H3)

One advantage of the Cobb-Douglas specificatidhat it results in the changes in the
values for household nsumption expendituresiEXP) being equal to the changes in an

equivalent variation measure of household welfare.

Government Tax Block Equations

There are six tax instruments. Each is defined as a sadplalorenrate dependent upon the
values of imports, exports, sales or produttand the levels of factor and household and
income. The ‘tax’ rates are all declared asap@eters and then for each tax instrument a
scaling variable is declared to fatalie policy experiments. Import dutiddTAX) are defined

as

MTAX, =3 3 (TMADJ * tm,,* PWM,,* ER QMR,)

Vrer2
wheretm is the tariff rate andMADJthe scaling variable. Export taxdSTAX are defined

(T1)

as

ETAX = > >'(TEADJ* tg,* PWE,* ER QER)
Vrer2

(T2)

wherete is the export duty rate afdEADJthe scaling varidb. Sales taxeSTAX are

defined as
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STAX = TOADIT T PR Vrer2 (T3)
- *(QINTDCJ +QCD, + QGR, + QINVQr)

wheretsis the sales tax rate am@ADJthe scaling variablentirect/production taxe$TAX)

are defined as

ITAX, =D (TXADJ* tx,* PX* QX )V & 2 (T4)

wheretx is the indirect tax rate ankdXADJthe scaling variable. Factor income taxes (FTAX)

are defined as

FTAX, ZZ(TYFADJ* o, ( YF —( depreet  YF)))

Yrer2

(TS)

wheretyf is the factor income tax rate am¥FADJthe scaling variable. Household income
taxes DTAX) are defined as

HTAX =Y (TYHADJ* tyh* YH) V & 2 (T)
h
wheretyh is the household income tax rate 8nHADJthe scaling variable.

Government Block Equations
Government incomeY(@) is defined as the sum of goverant tax revenues (G1), i.e.,

YG = MTAX + ETAX+ STAX ITAX% FTA% HTAX

Gl
Yrer2 (G1)

The tax revenues are treated as expendibyélse accounts paying tiexes and hence are
defined in the tax block. Although this approaaids equations it héise arguable advantage
of being more transparent and easier to modify.

Government demand for commodities (G2assumed fixed in real terms, i.e., the
volume is fixed, but can be scaled or alloMie vary using an adjustment factQqGDADJ).

The precise specification depends upon the choice of closure rule (see below).

QGD,, = comgovcongt* QGDADJ vV oa 2 (G2)

Thereafter Government consumption expenditi®) (s defined as the sum of commodity

consumption
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EG =) PQ, * QGR, Vre 2. (G3)

Kapital Account Block Equations

Income to the capital (savings and invwesht) account comes from household savings,
depreciation allowances, government savikgS8HGO\) and the surplus on the capital

account of the balance of payme{&\PWOR (K1). Hence total savings are defined as

TOTSAV:(Z( YH, *(1-( TYHADS tyh))) ( SAPY kapnsﬂ
+>_depreg, * YF, (K1)
+KAPGOV +( KAPWOR® ER V ¢ 2r

In this model the household issasned to save fixed proportiorkaphsh of their income

after tax. Both the household savings and mmedax rates are multiplied by adjustment
variables §ADJandTYHADJ). The savings rate adjustmesatriable means savings rates can
adjust to achieve an exogenoudsfined level of total savings @n investment driven closure
rule is assumed. It may be helpto assign (K1) simultaneouslith (H2) to ensure correct
calibration of the income tax and saving naéeameters. Government savings are calculated
as residual (see thAPGOVequations below): note thattlsurplus on the capital account
(KAPWOR is defined in terms of the foreignrecency and therefore the exchange rate

appears in this equation (¢his a matter of preference).

Investment demand is modeled in ailamway to government demand. Demand for
commodities (K2) used in investment is assumed to be in fixed volumvestisj multiplied
by an investment-scaling variabl&DJ) that can accommodate changes in the exogenously

determined level of investment and/or changabkénavailability of funds for investment, i.e.,

QINVD,, = IADJ, * invconst, Ve P. (K2)

The second stage (K3) captuths price effect by identifyinthe total value of investment
(INVEST), i.e.,

INVEST=Y"( PQ,* QINVD) vV E 2. (K3)
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Market Clearing Block Equations

The market clearing, or equblium, conditions are straightforward. Factor supplies must
equal factor demands (MC1)

FS,, =Y FD,, Vrer2 (MC1)

and (composite) commodity supplies megtial (composite) commodity demands (MC2)

QQ,, = QINTQ, + QCR, + QGR, + QINVD,

: MC2
vee(cduam), rer2 (Mc2)

It appears that there is eguilibrium condition for the supplof domestic output to the
domestic market. In fact this is achiewadough the commodity outpequation (P5), which

could have been treated asnarket clearing equation.

The government account is cleared by defining government salAGHOV) as the
difference between government income and government expenditure on consumption and

transfers, hence government savings apti@ity treated as residual, i.e.,
KAPGOV = YG- EG V E B. (MC3)

The deficit on the current account is computetvo-stages. Fitghe bilateral trade
balancesK APREQ are calculated as the difference ia tralues of imports and exports — for

convenience theses are evaluated ircthreency of the reference region, i.e.,

KAPREG,, =(Z PWM,,, * QMB,W)

(MC4)
—(Z PWE,,, * QEE;LW] Ve P
and then the overall balance of tradB&PWOR is computed for each region, i.e.,
KAPWOR, :(ZZ PWM,,., * lelgzle
voe (MC5)

_(ZZPWECJZ,W* QEFngW] Vrie?P

Note how Globe is excluded from the ovetallance of trade condition — this is because

Globe is defined such that for each set of imfransactions there matching set of export
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transactions and these are égdan both value and quantityrtes. Also because (MC5) is
defined in terms of the ‘foreigrturrency it is necessary to conviKAPWORinto domestic
currency terms when it enters into ani@tequation, e.g., the total savings equation
(TOTSAVY.

The next pairs of market clearing conditioniate to trade in commodities. The first set
trade consistency conditionERCONRB deal with the fob prices of imports and exports; by

definition these must be identical and hence

PWMFOR, = PWE ., V & cmr (MCo6)

These equations are not completely stri@yward since it is necessary in their
implementation to employ mappings between etpg and importing re@ns that require the
‘switching’ of labels on accounts withindglequation. The second seade consistency
conditions TRCONQ deal with the quantities of imptsrand exports; by definition these
must be identical and hence

QMR,,, = QER ., V & cmr (MC7)
again these equations are not completelygdittorward since it is necessary in their

implementation to employ mappings beem exporting and importing regions.

The trade consistency equations do not howdeat with the requirements for market
clearing with respect to the trade transactiandertaken by the Glolyegion. These require
that the total demand for each and every trade and transport s€V)as éxactly equal to
the exports of that service by Globe, i.e.,

> QT,,., = QER,, Ve cR e 2 (MC8)

And second that the export price of each ewery trade and transport margin service is

identical irrespective of the region that is imjoag the service. i.e.,

PT., = PWE,, Vo c re 2 (MC9)

which embodies the presumptioratitrade and transports se®$ of each type are identical

irrespective of who supips or purchases them.

And finally, there are twoauiilibrium conditions for the capital account. First, which

ensures that the values of total savingd imvestment in a region are equates, i.e.,
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TOTSAY= INVEST WALRAS V er2r (MC10)

also includes a slack variable, rather than dirgppn equation from the system (MC10). And
second there is a market clearing conditionhanrelationship between each regions’ trade

balance, i.e.,

KAPWORSYS Y. KAPWOR (MC11)

whereKAPWORSY® fixed at zero.
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Table4 Equation and Variable Countsfor the Global CGE Model
Name Equation Number of  Variable  Number of Globe
Equations Variables
EXPORTS BLOCK

PERDER PER,, = PWE, * ER (1-( TEADX t(e,)) vV « cer(Cr*'w) PER: 1w (cr*'w)  YES
PEDEF., PE,,* QE,,= Y. PER,,,* QER,, V e cee x  (C12) PE;, (c*r2) NO
PEDEFZ rw PER,, = PE, Vo CR e R w W (c*glo) (c*glo) YES
CET., . oL (c*r2) QD (c*r2) NO

Qxcc,r = at:,r (7c,r * QEhr e +(1_7/c,r)* Q[j‘r tc,r)rhotcvr

vece(odnee),rer2

ESUPPLY, 1 (c*r2) QE., (c*r2) NO

QEcr PEcr (1_7cr) (rhot., 1)

L= L : Vece(cdnce), rer2

QDc,r PDc,r 7c,r
CETZ, QXC,, = Q0, Vce(cdn cep E 2 NO
CET3, QXC,, = QF, Vee(cdm cp & 2 NO
TSHIR,, QE., = QM,, Vce cR, re r2 (c*glo) QEc,

' ' (c*glo) YES

CETREQJ”W PER o %rhotéy,—l) (C*r 2*W) QER,I’,W (C*r 2*W) NO

QER,r,w = Qﬁr * - otg

PE,, * gamny, ,* atf’
vcecerrer2

CETREQZ;, QE, =Y QER,, Vo ctr @ (c*glo)
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Name Equation Number of  Variable  Number of Globe
Equations Variables
IMPORTS BLOCK
PMRDEFR;  w PMR ., = PWM, * ER* (1_,_( TMADJ* tmw)) (c*r*w) PMR:rw (c*r*w) YES
vcecmr
PMDEF;, PM_, *QM,, = Z PMR,,* QMR,, vV & cm (c*r) PMc (c*r) YES
PWMDEF PWM,,,, = PWMFOB, ,+ > margcqs,,.* PJ, (c*r'w) PWM rw (c*r'w) YES
cpect
vcecmr

ARMINGTON, [*J (c*r2) QMe r2 (c*r2) NO

QQ, = ag, (&, * QM ™ +(1-5,,)* QQ;™e) e

vece(cxnem), rer2

COSTMIN; N (c*r2) PDe. (c*r2) NO

QMc r PDc ro% 5c r (trhos, ) -

LI : : Vee(exnem), rerz

QDc,r PMc,r (1_ §c,r)
ARMINGTONZ, QQ,, =QD, VY ce ( o Cmb], E P NO
ARMINGTON3, QQ., = QM,, YV ce ( cXm Crb], E P NO
QTEQ:,r,W Q-I-C,r,W=Z(QMRp,r,W* margcocrcp’ryw) YV & a’ E ? (C*I’Z*W) QTC,I’Z,W (C*I’Z*W) NO

cp

ARMREQ, w PMR_* acf:‘)c‘r*' _/Jfrhoc;,ﬂ) (c*r*w) QMR; rw (c*r*w) YES

QMR,,,=QM, * = ' Vv ce cmr

" ‘ PM_, * deltd, ,,
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Name Equation Number of  Variable  Number of Globe

Equations Variables
COMMODITY PRICE BLOCK
PD.
PQDEF;, PQc,r * (1 + (TSAD\J* ts ))* QQ (c*r2) PQC’r (c*r2) NO
= (PDc,r * QDc,r ) +( PMc,r* QMcr)
Vee(cduam), rer2
PXCDER, PD. *OD )+(P * (c*r2) PXC., (c*r2) NO
chcr _ ( c,r Q c,r) ( Etece,r QEEce r) )
' QXC,
Vcecxrer2
NUMERAIRE PRICE BLOCK
CPIDEF CPI, =) comtotsh, * PQ vV E2 r2 CPI, r2 NO
PPIDER PPI, =" vddtotsh, * PD, Ve 2 r2 PP r2 NO
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Name Equation Number of  Variable  Number of Globe
Equations Variables
PRODUCTION BLOCK
PXDEF,, PX,, =Y actcomactsh,* PXGC V « 2r (a*r2) PX,., (@*r2) NO
PVDEFR a*r2 PV a*r2 NO
! PVavrz(P)g’,*(l—(TXADJ* t;g,)))—(z PQ* comactgg,] (@r2) ar (ar2)
Vrer2
PRODFN, A (a*r2) QX,,
QX,, = adce§r*{25fx,a’r* FD’;’;} VYV E2 (@*r2) NO
f
PROFITMAX., WF, , * WFDIST, (fa*r2) FD, |,
’ o (f*a*r2) NO
[zH
=PVayr*adce§r*[25fX’a’r* FD?E;} Yk sx e FHA
f
Vrer2,of,,
QINTEQ, QINTD,, =Y comactcp,, * QX, V & 2, mt @?? (c*r2) QINTD:, (c*r2) NO
COMOUT,  QXG, =) actcomactsh,* QX vV oa 2 (c*r2) QXCer (c*r2) NO
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Name Equation Number of  Variable  Number of Globe
Equations Variables

FACTOR BLOCK

YFEQ; YF., =Y WF, * WFDIST,, * FD,, e 2 (Fr2) YF, (fr2) NO

YFDISTEQ YFDIST,, =( YF, —( depreg * YF))* (1-( TYFAP3 pyf)) (fr2) YFDIST, (fr2) NO

Vrer2
HOUSEHOLD BLOCK
YHEQ\, YH,, =Y YFDIST, V re 2 (h*r2) YH,, (h*r2) NO
f

HEXPEQ HEXR = (YHU * (1_( TYHAD* tm ))) (h*r2) HEXP (h*r2) NO
*(1-(SADJ* kaphsh)) Vv e 2

QCDEQ, (c*r2) QCD,, (c*r2) NO

(Z comhoay, , * HEXﬁj
CD. =-~"
Q c.r PQcyr

Yrer2
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Name Equation Number of  Variable  Number of Globe

Equations Variables
GOVERNMENT TAXES BLOCK
MTAXEQ MTAX :ZZ(TMAD‘] * tmp,,,* PWM, ,* ER QMRN) r2 MTAX r2 NO
Vrer2
ETAXEQ ETAX = ZZ( TEADJ* te,* PWE,* ER QEB«) r2 ETAX r2 NO
Vrer2
STAXEQ TSADJ * ts.* PQ, r2 STAX r2 NO
STAX =) ‘ Vrer2
o *UNNTD”+4QCQJ+(QGQJ+(NNVQJ
ITAXEQ ITAX. =Z(TXAD‘J* X, * PX* Q?,S,) vV oE2r r2 INDTAX r2 NO
f
Vrer2
HTAXEQ HTAX, =Y (TYHADJ* tyh* YH) V e2 r2 HTAX. r2 NO
h
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Name Equation Number of  Variable  Number of Globe
Equations Variables
GOVERNMENT INCOME AND EXPENDITURE BLOCK
YGEQ YG = MTAX + ETAX+ STAX ITAX FTAX HTAX r2 YG r2 NO
Vrer2
QGDEQ QGD,, = comgovcongt* QGDADJ vV oa 2r (c*r2) QGD,, (c*r2) NO
EGEQ EG =) PQ.* QG Vre @ r2 EG
r ; Q,r Q QJ r2 NO
KAPITAL ACCOUNT BLOCK
TOTSAVEQ (YHhr*(l—(TYH ADJ* tyhr))) r2 TOTSAY r2 NO
TOTSAY=|>" '
n *(SADJ* kaphsh )
+> depreg, * YF,
f

+KAPGOV +( KAPWOR* ER V ¢ 2
QINVDEQ,, QINVD, , = IADJ, * invconst, Ve 2 (c*r2) QINVD,, (c*r2) NO
INVESTEQ |NVEST:Z( PQ, * QlNVPr) vV E 2 r2 INVEST r2 NO
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Name Equation Number Variable Number  Globe
of of
Equations Variables
MARKET CLEARING BLOCK
FMEQUIL;, FS,, = Z FD ., Yrer2 (f*r2) FS;, (f*r2) NO
QEQUIL, QQ., = QINTD, + QCR, + QGD, + QINVD, (c*r2) QQ:r (c*r2) NO
Vee(cduam),rer2
KAPGOVEQ KAPGOV = YG- EG V E R r2 KAPGOV r2 NO
KAPEQUIL r2 KAPWOR r2 NO
Q KAPWOR, :(ZZ PWM.,., * QMngW]
_(ZZPWECJZ,W* QEBJZ’\N]
KAPREQUIL r2 KAPREG r2 NO
QUILw KAPREG,, =(Z PWMN, , * QMB,W) "
—(z PWE,,,* QErgr,W] Ve
GLOBEQUIL>  »'QT,,, = QER,,, Ve 2 e R (ctr2)  PWEigow  (ct'r2) NO
TRCONRw PWMFOR, , = PWE ., V & cmr (c*r'w) PWMFOB"™ (c*r2*w) YES
TRCONQw QMR,, = QER_ ., V & cmr (c*r2*w) (c*r2*w) NO
PTDEFR, PT,, = PWE,, Ve g re 2 (ct,r2) PTeir2 (ct,r2) NO
WALRASEQ TOTSAY= INVESH WALRAS V er2r r2 WALRAS r2 NO
SYSEQUIL 1 KAPWORSYS 1 NO

KAPWORSYS Z KAPWOR
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Name Equation Number of Variable  Number of
Equations Variables

MODEL CLOSURE
All globe transactions are in world dollars (i.e. of ther%lo
reference region)
There is no current account equation for the globeanD WO%O

Assign the reference region, eliminating one variable; add ERer
the constraint that the sush KAPWOR across r2 must be
Zero KAPWORSYS
For the non-reference regions, one can fix either the ER, or KAPWOR, 1
exchange rate or the current account balance
SADJ or IADJ or INVEST 1
All but two of TMADJ, TSADJ TEAD,) TXADJ TYHADJ QGDADJ KAPGQV EG 6
Fs, 3
CPl or PPl 1
f+ 1% +(4+#)a+14 2f + 1 +(4+)a +23
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MODEL CLOSURE CONDITIONS OR RULES

In mathematical programming terms the modesate conditions are, at their simplest, a
matter of ensuring that the numbers of ¢ and variables are consistent. However
the economic theoretic dimensions of model closure rules are more complex, and, as
would be expected in the context of anmamic model, more important. The essence of
model closure rules is that they defimgortant and fundameaitdifferences in
perceptions of how an economic system desrésee Sen, 1963; Pyatt, 1987; Kilkenny
and Robinson, 1990). The closure rules capdyeeived as operating on two levels; on a
general level whereby the closuules relate to macroeconiegnaonsiderations, e.g., is
investment expenditure determined by ¥b&ime of savings oexogenously, and on a
specific level where the closure rules are usechpture particar features of an

economic system, e.g., the degre@tdrsectoral capital mobility.

This model allows for a range of bageneral and specific closure rules. The
discussion below provides detaiiEsome of the options available with this formulation

of the model by reference to thecounts to which the rules refer.

FOREIGN EXCHANGE ACCOUNT CLOSURE

In the default closure of the foreignatange accounts the exchange rate for the

reference region is fixed, i.e.,

ER., = ER (Cla)

and the balances on the current account fahalhon reference regions are flexible, i.e.,
KAPWOR, = KAPWOR, V reg 2. (Clb)

The Globe account is distinict that does not have itsvn exchange rate and hence
all its exchanges are conductadhe currency units of éhreference region. Hence its

exchange rate is fixed as

ER)o = ERer (Cic)



in addition the Globe cannot run a trade be¢asince it is treated as simple transfer

region with no transaction costs, se thade balance for Globe is fixed as

KAPWOR, = KAPWOR,, = 00. (C1d)

The exchange rate for the reference region serves as the global numéraire, while the
combination of C1b and C1d means that on@fttrade balances has been dropped. To
ensure that all trade balances are accounteitidoe is a need for a system equilibrium

such that

KAPWORYS: ~ KAPWORSYS 0.0. (Cle)

ensures the model remains square.

CAPITAL ACCOUNT CLOSURE

To ensure that aggregate savings equal agtgegvestment, the determinants of either
savings or investment must beed. This is achieved by fixing the saving rates for
households or the volumes of commodityastment. This involves fixing either the

savings rates adjusters (C2a) or tnestment volume adjuster (C2b), i.e.,

SAD] = SAD) (C2a)

or

IADJ, = 1ADJ, (C2b)

Note that fixing the investmenrblume adjuster (C2b) means that the value of investment
expenditure might change due to changes in the prices of investment commaodities
(PQD). Note that if theSAD X are fixed the adjustment takes place through
equiproportionate changes in the savings raté®o$eholds. It is of course not necessary
to assume the same savings/investment determinants in all regions, although it is

necessary to ensure the demis are made for all regions.

Fixing savings, and thudeeming the economy to bavings-driven, can be

considered a Neo-Classical approaclosCig the economy by fixing investment



however makes the model reflect the Keyaesnvestment-driven assumption for the
operation of an economy. Note that there ahersources of potential savings for region
— the government and the trade balances.nfdgnitudes of these other savings sources

can also be controlled througfe closure rules (see below).

GOVERNMENT ACCOUNT CLOSURE

The closure rules for the government accouatstightly more tricky because they are
important components of the model that used to invéigate fiscal policy
considerations. The base spieaition uses the assumptioratlgovernment savings are a
residual; when the determinants of governmecome and expenditure are ‘fixed’,

government savings must be free to adjust.

Thus in the base specification all the tates are fixed by deciag the tax rates as

parameters and then fixing all the tate scaling factor&C4a — C4f), i.e.,

TMADJ, = TMADJ (C3a)
TEADJ = TEADJ (C3b)
TSADJ = TSADJ (C3c)
TXADJ = TXADJ (C3d)
TYFADJ = TYFAD] (C3e)
TYADJ = TYAD] (C3)

Consequently changes in tax revenue tathernment are consequences of changes in
the other variables that enter inte tiax income equations (C3a to C3f).

In the base specification governmexrpenditure is contited by fixing the
volumes of commodity deman@GD) through the government demand adjuster
(QGDAD), i.e.,



QGDADJ = QGDADJ (C30)

Alternatively the valuef government expenditure can be fixed, i.e.,

EG = EG. (C3h)

i

This specification ensures that all fr@rameters that the government can/does
control are fixed and consequently that dinéy determinants of government income and
expenditure that are free to vargdhose that the government doesdiactly control.
Hence the equilibrating condition is that governirgavings, the internal balance, is not
fixed.

If however the model requires governmeavings to be fixed (C4i), i.e.,

KAPGOV = KAPGOY (C3i)

then either government income or expenditoust be free to adjust. Such a condition
might reasonably be expected in manywinstances, e.g., the government might define

an acceptable level of borrowing or swechondition might be imposed externally.

In its simplest form this can be achieMay allowing one of the previously fixed
adjusters (C4a to C4f) to varyhus if the sales tax adjust@iSADJ is made variable
then the sales tax rates will be varied eqpprtionately so as to satisfy the internal
balance condition. More complex experingentight result from the imposition of
multiple conditions, e.g., a halving of impaluty rates coupled with a reduction in
government deficit, in which case the variabl®&ADJand KAPGOVwould also require
resetting. But these conditiongght create a model thstinfeasible, e.g., due to
insufficient flexibility throughthe import duties mechanisior, unrealistically high rates
of import duties. In such circumstancemiy be necessary to allow adjustments in
multiple tax adjusters. One method then wdgdo fix the tax adjusters to move in
parallel with each other.

However, if the adjustments only take pléleeugh the tax ratecaling factors the

relative tax rates will be fixed.o change relative tax ratéss necessary to change the



relevant tax parameters. Typically sudtanges would be implemented in policy
experiment files rather than within the closure section of the model.

NUMERAIRE

The model specification allows for a chomietwo price normaliation equations, the

consumer price index andpaoducer price index, i.e.,

CPI, = CPI, (C4a)

or

PPI, = PP, . (C4b)

A numeraireis needed to serve as a baseasithe model is homogenous of degree

zero in prices and hence gridefines relative prices.

FACTOR MARKET CLOSURE

The factor market closure rules are mofféalilt to implement than many of the other
closure rules. Hence the dissim below proceeds in three stages; the first stage sets up
a basic specification whereby all factors deemed perfectly mdb, the second stage
introduces a more general spaxtion whereby factors can be made activity specific and
allowance can be made for unemployed fa;tatile the third stage introduces the idea
that factor market restrictions may arise fraativity specific characteristics, rather than

the factor inspired restrictiomm®nsidered in the second stage.

Full Factor Mobility ard Employment Closure

This factor market closuregaires that the total supply ahd total demand for factors

equate. The total supplies@dch factor are determined exogenously and hence

FSf T = S T (CSa)

defines the first set of factor marl@bdsure conditions. Theemands for factdrby
activity a in regionr and the wage rates for factar®e determined endogenously. But the

model specification includes the assumption thatwage rates for factors are averages,
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by allowing for the possibility that the paymetdsnotionally identical factors might vary
across activities through the \alie that captures the ‘deral proportions for factor
prices’. These proportions are assumed ta bensequence of the use made by activities

of factors, rather than dlhe factors themselves, and are therefore assumed fixed, i.e.,

WFDIST,

f,a,r

- WFDIST,, . (C5b)

Finally bounds are placed upon tineerage factor prices, i.e.,

Min WF, , =0

e (C5c)
Max WF, . = +infinity

so that meaningful results are produced.

Factor Immobility and/otJnemployment Closures

More general factor market closuresesgin factor immobility and/or factor
unemployment are assumed can be achibyatkbtermining which of the variables
referring to factors are treated variables and which of the variables are treated as
factors. If factor market close rules are changed it is important to be careful to preserve
the equation and variable counts whenxielg conditions, i.e., converting parameters

into variables, and imposirgpnditions, i.e., converting vaitbles into parameters, while

preserving the economic logic of the model.

A convenient way to proceed is to defmélock of conditions for each factor. For
this model this amounts to defg the following possible equations



FSuc: = FSactr
WFDIST,,, ,, = WFDISTaca
Min WF,,, =0
Max WF, , = +infinity
FD etar = FD factar (C5d)
WF., = WFiactr
WFDIST,, aoi.r = WFDIS Fact,aciv
Min FS,., =0
Max FS, , = +infinity

wherefactindicates the specific factor aadtiv a specific activity. The block of
equations in (C5d) includes all the variabteat were declared for the model with
reference to factors g extra equations f&WFDIST, i.e.,

WFDIST, = WFDISTactaciv,r, Whose role will be defined below. The choice of

fact, activ, r
which equations are binding and which areimgiosed will determine the factor market

closure conditions.

As can be seen the first four equationthim block (C5d) are the same as those in
the ‘Full Factor Mobility and Employmef&losure’; hence ensuring that these four
equations are operating for each of thetdrs is a longhand method for imposing the
‘Full Factor Mobility and Emloyment Closure’. Assumedhthis set of conditions
represents the starting points, i.e., the foat equations are binag and the last five
equations are not imposed.

Assume now that it is planned to impa@sshort run closure on the model, whereby
a factor is assumed to be activity spec#icd hence there is no inter sectoral factor
mobility. Typically this would involve nmidng capital activity specific and immobile,
although it can be applied to any factor. Tigiguires imposing the condition that factor

demands are activity spéc, i.e., the condition

FD = FD factar (CSG)

fact,a, r



must be imposed. But the returns to this factadifferent uses (astities) must now be
allowed to vary, i.e., the condition

WFD'ST = WFDIS-If-act,a,r (CSf)

fact,a,r

must now be relaxed.

The number of imposed conditions is equahe number of relaxed conditions,
which suggests that the model will still bensistent. But the condition fixing the total
supply of the factor is redundant since if factor demands are fixed the total factor supply

cannot vary. Hence the condition

FSfact,r = FSact,r (CSQ)

is redundant and must be relaxed. Hendeast one other condition must be imposed to
restore balance between the tars of equations and varlab. This can be achieved by

fixing one of the sectoral proportions factor prices for a geific activity, i.e.,

WEFDIST,

fact, activ, r = WFDIS-If_act,activ,r (C5h)
which means that the activityesgific returns to the factor Wbe defined relative to the

return to the factor iactiv.®

Start again from the closure conditions fiall factor mobility and employment and
then assume that there is unemployment ofanmaore factors ithe economy; typically
this would be one type or another of ufiskl labour. If the apply of the unemployed
factor is perfectly elastic, #m activities can employ any amouwfitthat factor at a fixed

price. This requires iposing the condition that

WF = W:fact,r (CSI)

fact,r
and relaxing the assumption that the total supplyne factor is fixd at the base level,

i.e., relaxing

6 It can be important to ensure a sensible choicefefence activity. In particular this is important if

a factor is not used, or little used, by the chosen activity.
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FSfact, r = FSact, r (CSJ)

It is useful however to impose some restoics on the total supply @ie factor that is
unemployed. Hence the conditions
MinFS,__ . =0

fact,.r o (C5k)
Max FS. . . = +infinity

fact,r

can be imposed.

Activity Inspired Restrictionsn Factor Market Closures

There are circumstances where factor use by an activity might be restricted as a
consequence of activity specific characteristias. instance it might be assumed that the
volume of production by an activity mighé predetermined, e.g., known mineral
resources might be fixed andthere might be an exogenbuixed restriction upon the
rate of extraction of a mineral commodity.dmch cases the objective might be to fix the
guantities of all factors used by an activitythex than to fix the amounts of a factor used
by all activities. This is clearly a variati on the factor market closure conditions for

making a factor activity specific.

If all factors used by an activity are fixetljs requires imposing the conditions that

FD = FD+ activs (C5l)

f ,activ,r
must be imposed, wheeetiv refers to the activity of concern. But the returns to these

factors in this activitiesnust now be allowed teary, i.e., the conditions

WFD'S-E = WFDIS-If-,activ,r (Csm)

,activ,r
must now be relaxed. In this case the coadifixing the total supplpf the factor is not
redundant since only the factor demandsttyv are fixed and the factor supplies to be

allocated across other activities #ne total supplies unaccounted fordmtiv.

7

it is possible to place an upper bound of the supptiie factor and then allow the wage rate from
that factor to vary.

If the total demand for the unemployed factor increases unrealistically in the policy simulations then



Such conditions can be imposed by aegliag the blocks of equations for each
factor in the factor marketa$ure section. However, it is often easier to mange the model
by gathering together factor market condititimat are inspired by aeity characteristics
after the factor inspired equations. In this eait is useful to note that when working in
GAMS that the last condition imposed, in taerof the order of the code, is binding and

supersedes previous conditions.
6. IMPLEMENTATION AND COMPLEMENTARY PROGRAMMES

The current version of the model is implkemted as a mixed complementarity problem
(MCP) in GAMS 250 21.5 using the Path solMera model with 15 sectors, 4 factors
and 14 regions that generates some 24,25Qieqaand variablesna the initial, or
replication, solve takes some 15 secoms well equipped Pentium 4 2.6MHz PC,
while the entire run for a series of 11 slmpxperiments run in a loop takes about 75

seconds, including writing out a comprehensiveo$eesults to a series of GDX files.

However once a programme is establistimedtime consuming activities are those
associated with the generation of new aggregatamd the analyses of results. In order to
address these problems as pair of Exceldpsggrammes, using VBA, and a series of

GAMS programmes have been developed.

DATABASE AGGREGATION

The Excel based programme for aggreagpthe database is called SAMGator
(PROVIDE, 2004b). This is general aggregapoogramme that usé&sxcel to provide a
front end that simplifies the creationtbie set files required for the mapping
aggregations. The user declares, with dpswrs, the accounts required in the new
aggregation and identifies those accountsenddtabase that will be aggregated to form
the new accounts; this is albne using point and click conammds in an Excel worksheet.
Once all the new accounts have been declanedassigned, and proed all the data in
the original database are accounted fagmmand triggers the creation of the mapping
files. Finally the user triggers the rungiof the aggregation programme from within



Excel. At this point SAMGator generat@$sAMS programme file, *.gms, runs that
programme and writes out the results to GDX and/or Excel.

ANALYSES OF RESULTS

The management and organisation of redtii® large CGE models can be both time
consuming and confusing due to the large peinof data points generated, e.g., the
model with 15 sectors, 4 faws and 14 regions when ruritlivl1l experiments generates
more than 500,000 data points even whbely running a limited set of analyses
programmes. An Excel based programnreaftalysing, orgasing and summarising
results from CGE models called SeeReqlHROVIDE, 2004a) has been developed for
the interactive reading of GAMS model restltat have been stored in GDX format.

The GDX format is technically superlagivwith GDX files being both extremely
fast and small. Once the result data are in GDX format, they can be viewed using
GAMSIDE or GDXViewer, a specialised utitifor viewing GDX files and both of these
include basic facilities for changing dataentation and the GDWewer also includes
basic charting (plot) facilties. While theeare useful, there are a number of limitations.
Filtering ability is limited, which can makedifficult to compare results within a smaller
subset of elements from a large set. @hgrfacilities in GDXViewer are limited and not
designed for presentation quality outpuislhot possible to nmapulate data, change
formatting, perform calculations or cut apaste data to other applications, although
there are data output facilitids. short, these facilities are suitable for viewing raw data

initially but are not a complete solati for the processing of model results.

Among proprietary programmes Excel ig fbgical choice; it has reasonably good
charting facilities, is excellent for genedgta manipulation and provides the means to
format data for presentation purposes. Itaso provide limited dabase functionality
such as reorientation and filtering via the pivot table feature. It is also useful as a means
to distribute data, because itshea (very) wide user base. Buis often tedious getting
large amounts of data into & and can produce extremely lafges that are difficult to
transfer. SeeResults automates much of tlusgss; it avoids overllarge Excel files by

working interactively with GDX files, that renmathe files in which data are stored, and
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coordinates information that assists with téegorisation, classtfation and labeling of
the results.

The guiding principle behind SeeResultsrtake use of the functionality of GDX
and Excel; thereby avoiding the need to digyedditional standalone programme. Excel
is conceptually a very peerful programming environment, allowing use of the
spreadsheet itself as a data construct ambeong the power of \dual Basic with the
ability to use spreadsheet functions irsdal Basic code. A major usage of Excel
functionality is the use of Pivot Tables for data reorientation and filtering in
multidimensional data. Excel’s pivot tables ateally suited to the task of storing and
presenting reasonable amounts of data #adiag the display format to be changed
after data has been imported to Excel. Hgens SeeResults technically demanding data
handling tasks more efficientthan would have been possihising custom Visual Basic

code.
7. CONCLUDING COMMENTS

This paper has described the first vensof a new global CGE model. The model
described here contains relatiy simple behavioural reianships although it requires a
programme that contains a niben of technically sophisticad features. Moreover it is
capable of being implementedth any aggregation of ttéTAP database. This version
of the model will be made generally available after further testing.

However this is work in progress andiditional features are being added to the
model on a continuing basis; this workingppawill therefore be subject to periodic

updating when substantive new featuregehiaeen added and adequately tested.
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