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1. Introduction

This docunent provides a description of themparative static version 8fTAGE
singlecountrycomputable gegral equilibrium (CGE) modethat is a variant/development of
the STAGES single country CGE modeRecursive dynamic applications of the STAGE
family of CGE models all start from the respective comparative static models, by exploiting
the LOOP facility provided by GAMS (General Algebraic Modelling Sy$jeso that the
recursive dynamic applications operate as series of comparative static simulations where the
‘“dynamic’ updates are i mplemented between ea
depth understanding of the comparative static versiotieahodel is essential before
progressing to the recursive dynamic versidigs technical description encompasses both
the comparative static version of STAGE and the core model components required for the
recursive dynamic variant, i.e., it only rel

details about the behaviora | r ellpat i onshiwps iAcluded in the

This model is characterised by several distinctive features.

1. The model allows.for a generaliseddreatment of trade relationships by incorporating
provisions for nortraded exports and imporise., commodities that are neither
imported nor exported, competitive imports, i.e., commodities that are imported and
domestically produeed, nesompetitive imports, i.e., commodities that are imported
but not domestically preduced, commaodities thatexq@orted and consumed
domestically and . commadities that are exported but not consumed domestically.

2. The.model allows the refaxation of the small country assumption for exported
commodities that dootface perfectly elastic demand on the world market.

3. the model allows for modeling of mulbroduct activitiesising various
assumptios; fixed proportions of commodity outputs by activitiggh
commodities differentiated by the activities that produce themying output mixes
by activities in response to changes in the (basic) prices of commpditoks

domestically produced commodities that are differentiated by source activity or are

2 Seewww.gams.confor details about GAMS.
8 Recursive dynamic CGE models can be thought of as
phases with ‘wupdate’ pshcaessivé sbhati ant pbadeto calib


http://www.gams.com/
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homogeneous, i.e., undifferentiated by source actik#gnce the numbers of
commodity and activity accounts are not necessarily the same.
4. The(value added) production technologies can be specifisgsasns of n-level
generalisedhestedConstant Elasticity of Substitution (CE&ing factors and
selected intermediataputs
5. Trade and transport margins between factory and dock gate and the consumer are
levied on domestic consumption.
6. Consumption expenditutigy each representative household.group (RIBG)
represented by nested CES and SiGeary utility fanctioens.
7. Household consumption commodities includ:
consumed by each RHG can only be praduced by labour factors owned by the
respective RHG; this introduces a labdeisure tradeoff into the model.
8. The model includebehavioral relationships that traeknissions of, and taxes on,
greenhouse gasbased on environmental satellite accounts.
9. The model is calibrated using:two matri¢satellite.accountgsjetailing the factor
use by activity and the factor.ownership by institution.
10. The functional distribution of income is endogenously determined through the
specification of the ownersh{pgomestic and foreign) of factors used within the
economy being defined as a series, of.variables.

11. Investment functions cambe specified for multiple tyfasesv capital goods.

Aquiding principleunderpinning the STAGE family of modeisherited from the
work by Sherman Robinson and various colleagues, is that the models should be agnostic
with respect te. macroeconomic closure and market clearing conditions, i.e., the models should
be coded to allowusesubstantial degrees of freedom to impose their own views on how an
economy operates. The modalso include aubstantial number of variables included to
simplify the coding of adjustments needed for experiments; by andthege adjustment

instruments use a standard formulation.

The model is designed for calibration using a reduced form of a Social Accounting
Matrix (SAM) that conforms to the UN System of National Accounts (SNAble 1
containsamacreSAM in which the active sub matrices are identifiedXognd the inactive

sub matrices are identified by 0. In gengitad model will run for any SAM that does not
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contain information in the inactive sub matrices and conforms to the rules of & BAddme
cases a SAM might contain payments from and to both transacting parties, in which case
recording the transactions as net payments between the parties will render the SAM consistent

with the structure laid out in Table 1.

Table 1 Macro SAM for the Standard Model
Commodities Activities Factors  Households Enterprises Government Capital RoW
Accounts

Commaodities 0 X 0 X X X X X
Activities X 0 0 0 0 0 0 0
Factors 0 X 0 0 0 0 0 X
Households 0 0 X 0 X X 0 X
Enterprises 0 0 X 0 0 X 0 X
Government X X X X X 0 0 X
o |0 o x N\ PH o x
RowW X 0 X X X X X 0
Total X X X X X X X X

The nost notal# differences between this SAM and one consistent withNiAee8e:
1) The SAM I,s assumed to contain only a si
However,ifthe, SAM has a mulistage treatment of income disuition,
transforming théunctional distribution of incomasingapportionment (see Pyatt,
1989) will render the SAM consistent
2) A series\of tax'accounts are identified (see below for details), each of which
relates to specific tax instrumenihereaftera consolidated government account
is used to bring together the different forms of tax revenue and to record
government expenditureShese adjustments do not change the information

content of the SAMbuttheydo simplify the modeling process. However, they do

4 If users have a SAM that does not run with no information in inactive sub matrices the authors would
appreciate a copy of the SAtd further generalise the model.
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have the consequence of creating a series of reserved names that are required for
the operation of the model.

The model contains a section of code, immediately #feedata have been read in, that

resolves several common i ssues encountered
so that it is consistent with the model structure without any marked loss of information.
Specifically, all transactions between anagatt with itself are eliminated by setting the

appropriate cells in the SAM equal to zero. Second, some transfers from domestic institutions

to the Rest of the World and between the Rest of the World and domestic institutions are

treated net as transfersthe Rest of the World and domestic institutions, by transposing and
changing the sign of the payments. And third, some transfers between domestic institutions

and the government are treated as net and asqpayments from governmergspoettieve

institution. Since these adjustments change the aecount totals, which are used in calibration,

the account totals are recalculated within the model.

In addition to the SAM, which recaords.transactions in value terms, two additional
databases are used by the model. Thediesh Seriesatellite accounts thagcordquantity
data that link tovarious submatrices of transaetion values in the SAM: these include
‘“quantities’ “of pr i ma thegquanttigsoftfastorsiosveed byleach e a c h
institution, emissions-associated with input useabgivities, etc If such quantity data are not
available the codeallows forthe use ofwalue. quaies for instancejf entries in the factor
useand ownershipnatricesarezerothen value quantities are derived from the transaction
values inthe corresponding sub matesof the SAM. The second series of additional data are
the elasticities of substitution for imports and exports relative to domestic commodities, the
elasticities of substitution for the CES production functions, the income elasticities of demand
for the linear expenditure system and the Frigolarginal utility of incomeparametersdr

each househodnd factor mobility and household migration elasticities

All the data arexccessed by the model from degaorded irExcel andGDX (GAMS
data exchange) figeAll the data recorded in Excel are converted into GDX format as part of

the model

5 These and other reserved names are specified below as part of the description of the model.
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A key design principle of the model isthhisi s a *‘ t e mwHethederm mo d e |

t e mp | asthatthe moeledl mas been compiled with the expectation that users of the

model are likelyto, and/or shouldmake changeto the modeio customig the model to the

specific circumstances of the economy being studied and/or the policy issues be simulated.
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2. The Computable General Equilibrium Model

The model is a member of the class of single country CGE models that are descendants of the
approach to CGE modeling described by Deetel., (1982). More specifically, the
implementation of this model, using the GAMS (General Algebraic Modeling System)
software, is a direct descendant and development of models devised in the late 1980s and
early 1990s, particularly those models reported bliRsonet al., (4990), Kilkenny (1991)

and Devarajaet al., (1994). The model is a SAM based CGE model, wheheilsAM

serves to identify the agents in the economy and providesatieactionyaluedatabase with
which the model is calibrated. Since the model is SAM based it contains the important
assumption of the law of one price, i.e., prices@re common across the rews of tRerBAM.
SAM also serves an important organisational role since the groups of agents identified by the
SAM structure are also used to define-sudutrices of the SAM for which behavioural
relationships need to be defined. As such the modeling approach hasflusgiced bythe

“*SAM Approach t o "NDrddetlli, 1989. " (Pyatt, 1989

The description of the.model proceed$iwe stages. The first stage is the identification
of the behavioural relationships; these are defined by reference to the sub matrices of the
SAM within which the associated transactions\are recorded. The second skafyatisnal
andinvolves the identification of the components of the transactions recorded in the SAM,
while giving more substance to the behavioural relationships, especially with those governing
inter-institutional transactions, and in'the pracdgfining the notation. The third stage uses
figures to explain the nature of the price and quantity systems for commodity and activity
accounts thatare embodied within the model. In the fourth stage an algebraic statement of the
model is provided. Afulllisting of the parameters and variables contained within the model
are inAppendix 17 Finally, in thefifth stage thereis a discussion of the default and optional

macroeconomiclosureand market clearingules available within the model

6 The one apparent exception to this is for exports. However, the model implicitly creates a separate set of
export commodity accounts and thereby preserves th
in the text isasomewhat condensed version of the SAM used in the model (see McDonald, 2007).

7 The model includes specifications for transactialues that were zero in the SAM. This is an important
component of the model. It permits the implementation of policy experiments with exogenously imposed
changes that impact upon transactions that were zero in the base period.

10
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2.1 Behavioural Relationships

While the accounts of the SAM determine the agents that can be included within the model,

and the transactions recorded in the SAM identify the transactions that took place, the model

is defined bybehaviourakelationships. The behavioural relationships in this model are a mix

ofnonl i near and | inear relationships that gove

exogenously determined changes in the model’

summarises #se behavioural relationships by reference to the sub.matrices of the SAM.

Households are assumed to choose the bundles_of commaedities they consume to
maximise utilitysubject tautility functions thatare nested CES ar8toneGeary where the
arguments in the Stor@eary functions are, typieally, aggregatésr a developing country a
StoneGeary function may be generally preferabeauset allows for subsistence
consumption expenditures, which is an arguably realistic assumption when there are
substantial numbers pbor andvery peer consumefsButthe assumption that households
define subsistence consumption requirements at the level'of the individual commaodity,
however disaggregated the commodity accounts are,in the/data/model, is both highly
restrictive and unrealistic: Itis, realistic howew@iassume that households (of all sorts) will
have subsi stence conmnsumption requirements
while within those commedity groups households may elect to substitute between
commoditiefsma,t ural. commodi ti es) of the ' broad’
(wheat,rice, etc.,) and between vegetable and meat commodiiesequentlythis model
includes nested CES and LES utility functions that at th€LtB) level involve substitution
bet ween ‘' br ogrodps, subjectiansulisisténge consumption constraints on these

“br oad’™ g r o Jowerlevelwdusehokls agetwillihgina ableto substitute

ac

gr

bet ween t he component commodities that make

includes A acilities for the urdéhecomponedtseof i ne

t

each group, thus the user could define ‘“food

formed from different natural food commaodities, e.g., meat, grains, fruits, etdhexnot

alternative would be to distinguish between commodities that are purchased on the market and

those produced at home to produce a composite commodity consumed by households, e.g.,

8 A StoneGeary function reduces to a Ceblouglas function given appropriate specification of the
parameters.

11
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composite wheat made up of market aondcheproducedvheat where the types of wheat can
be distinguished by time and/or place and/or variety.

The households choose their consumption buraflestural commoditieBom a set of

composite

commodities that are aggregates

commoditesThese ‘composite’” commodities are form

Substitution (CES) aggregates that embody the presumption that domestically produced and
imported commaodities are imperfect substitutes. The optimal raties of imported and domestic
commodites are determined by the relative prices of the imported and domestic ddmsio

This is the secalled Armingtont i n s (Argihgtoh, 1969), which allows for product
differentiation via the assumption of imperfect substitution (see Devaateghn 1994). The
assumption has the advantage of rendering the model practical by aveiding the extreme
specialisation and price fluctuations associated with othentrade assumptions, e.g., the
Salter/Swan or Australian model. In this motihed countryis assumed to be a price taker for

all imported commodities.

Domestic production uses arstage production, process. In the first stage aggregate
‘“value added’', defined as an aggregate of
selected commodity (here called factor commodities) inputs and an aggregatdadtoon
inputs (commoditiesare.combined using eithen,CES or Leontief technologies to generate the
outputs of activities. If a CES‘specification is’Chosen then the proportion of aggregate factor
and nonrfactor inputs vary with the (composite) pricestod iggregates, while if a Leontief
specification is chosenthen aggregate factor anefanior inputs are in fixed proportions. At
the second level aggregate Haktor inputs are generated using Leontief technology so that

nonfactor input demands are fixed proportions relative to aggregate rlastor inputs of

each actiwid y. For factor
for the production system depending on the configuration of sets set by the user: the number
of levels can be activity specific. In a simple configuration the second level may combine
capital with aggregate labour and land, where at the third level aggregate labour is an
aggregation of different types of labour and aggregate laadaggregation of land and

fertilizer. It should be noted that for each extra level added to the production system it is

necessary to define additional substitution elasticities for which data are unlikely to be

12

l nputs the wuser
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available;consequentlythereisatrade f f bet ween making the produ
realistic’ but reducing the extent of necess

This system of generalised nesting of CES functmmosluces flexible functional forms
that arealso tractable and weli e hav e d . It is also "flexible’
production systems that characteripegvious variants of the STAGE model, e.g.,
STAGE_EN (an energy model), STAGE_W (a water mpakt., that can now be included

simultaneously in a single model variant.

The activities are defined as myftioduct activities that produce combinations of
commodity outputs. The model allows for a range of different assumptions governing the
output mix produced by each activity. The first is‘/a pur@itoduct assumption whdrg the
proportionate combinations of commaodity outputs produeed by each activity/industry remain
constant; hence for any given vector of commodities, demanded there is<a unique vector of
activity outputs that must be produckdliternatively, activities can adjust their output mixes
in the response to changes in the relative(basic) prices of domestically produced commodities
using CET technologies. The user can'assign some activities to each of these two alternatives.
The totalsupply of domestically produced commodities across activities can be defined in two
ways: first the commadities can be differentiated by domestic activity and then aggregated
using CES technologies, or the commodities cansbe assumed to be homeghnlaster
assumption requires that the/usasafigurethe.model so as to define the scale of output of

the homagenous commoditjesg., electricity in an energy modihm different activities.

The vector of commaodities demanded is determined by the domestic demand for
domestically produced commodities and export demand for domestically produced
commodities. Using the assumption of imperfect transformation between domestic demand
and export demah in the form of a Constant Elasticity of Transformation (CET) function,
the optimal distribution of domestically produced commaodities between the domestic and
export markets is determined by the relative prices on the alternative markets. The model can
be specified as a small country, i.e., price taker, on all export markets, or selected export
commodities can be deemed to face downward sloping export demand functions, i.e., a large

country assumption.

9 This specification is found in the IFPRI standard model (Lofgtexh., 2001).

13
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Table 2 Behavioural Relationships for the Standard Model
Commodities Activities Factors Households Enterprises ~ Government Capital RoW Total Prices
Leontieflnput- Nested CES anc . . Fixed in Real _. . Consumer
Commodities 0 Output 0 StoneGeary le?ri;;sReal Termssand leesdaaf;arses 0 C%Trg?tdslty Commodity Deman| Commodity Price
Coefficients Utility Functions Expoft Taxes 9 P Prices for Export
Constant Elagtity of
IActivities Domestic Productic 0 0 0 0 0 0 0 Substitution
Production Functio
Factor Demand Factor Income|
Factors 0 (CES) 0 0 0 0 0 fromRow Factor Income
VariableShares Fixedshares of FixedShares of Fixed Rea) .
Households 0 0 of Factor Incom income Dividends Transfers 0 Remittances | Household Incomg
- VariableShares Fixed Rea) -
Enterprises 0 0 of Factor Incom 0 0 Transfers 0 Transfers | Enterprisdincome
- VariableShares Fixed Shares of
Government széfssf\é?gs&llndirect Taxes oof Factor Incom  Direct Taxes on Dividel\ge 0 0 Transfers |Government Incom
Taxes Activities Direct Taxes orHouseholdiincom Direct Taxes/on
Factor Income Enterprise Incom
Government
Capital 0 0 Depresiation  Household Savin(Enterprise Saving Savings 0 Cur‘rerg écfcoiun Total Savings
(Residual)
Rest of . VariableShares Total *“E
'World Commodity Import 0 of Factonincom g g 0 0 0 Abroad
. - Factor Household Enterprise Government Tot al
Total Commodity Supply Activity iput Expenditure Expenditure Expenditure Expenditure Total Investmer from Abroad
Producer
Commodity Prices Value Added
Domestic and Worl Prices

Prices for Imports

14
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The model includes code for the endogenous determination of the functional
distribution of income. Specifically factor supplies are defined by reference to their ownership
by different domestic (householdsjterprisesand government) and foreign institutions. In
its simplest form this formulation defines the quantities of factors supplied by each institution
as fixed and equal to the quantities owned by each institdkisrequires that factsand
institutions cannot transition between categoriesthatithere is full employment amgnce
the functional distribution of income is in fixed proportioH®wever,in this modelvariant
the quantities of factsisupplied and owned by each institution can chamgehence the
functional distribution of income must be defined by vafiablé® most common application
of this, in comparative static applicatians in the contexsurplus labouwhereby some
institutionghouseholdsnay be able to supply mare labour; if this happens.then the share of
labour suppéd by each institution/household may.change and hence the functional
distribution of the income from that factor should change. Other applications include
circumstances where there is a lab@isure tradeoff at the level of the utility functions of
houwseholds and in dynamic applications where patterns of capital accumulation, and hence

ownership, vary across institutions

The other behavioural relationships in the model are generally linear. A few features do
however justify mention. First, all the tax rates,are declaredrgables with various
adjustment and/acaling factors that are declared as variabtggarameters according to
how the user wishes to vary tax ratés fiscal policy constraint isnposedthen one or
more/©of the sets of tax'rates canberallowed to vary equiproportionatélyradditivelyto
define a new vector of tax rates that is consistent with the fiscal constraint. Relative tax rates
canalsobe adjusted bthe setting chosen by the useéimilaradjustment and/ascaling
factors are available faeverakey parameters, e.g., househaltl enterprissavings rates
and interinstitutional transfers. Second, technology changes can be introduced through
changes in the activity speciwdficiencyvariables- adjustment and/or scaling factors are
also available for the efficiency parametérkird, the proportions of current expenditure on
commodities defined to constitute subsistence consumption can be varied. Fourth, although a
substantial proportion of the sub matrices relating to transfers, especially with the rest of the
world, containzero entries, the model allows changes in such transfers, e.g., aid transfers to

the government from the rest of the wamedy bedefined equal to zerin the database but
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they can be made positive, or even negative, for model simulations. And fifth, the model is set
up with a range of flexiblenacroeconomiclosure ruleand market clearing conditions

While the base model has a standard neoclassical model closure, e.g., full employment,
savings driven investment and a floating exchange rate, these closure conditions can all be

readily altered.
2.2  Transaction Relationships

The transactions relationships are laid out in Table 3, which is in two parts. The prices of
domestically consumed (composite) commodities are define@Bs,and they are the same
irrespective of which agent purchases the commpeéxgept for final demand by households
on which VAT can be leviedhe quantities of commodities demanded domestically are
divided between intermediate dema@dNTD., and final demand, with final demand further
subdivided between demands by househ@@). (natural commoditie) andQCD2cqg
(aggregate commodities from the nested utility functiogrserprisesQENTD., government,
QGDc, investmentQINVD¢;, and stock changedstocconstc. The value of total domestic
demandat purchaser pricess, therefore?QD. * QQ.. Consequentlythe decision to represent

export demandQE., as@n entry.in the commodity row is slightly misleading, since the

domestic prices of‘exported commoditié¥;, =PWE, * ER, do not accord with the law of

one price. The representation’is a space saving device that removes the need to include
separate 40ws and columns forndomestic and exported commaiifies price wedges
between domestic and exported commodities are represented by expor{Tédtitmt are
entered into,the commodity columns. Commodity supplies come from domestic producers
who receive the,common pricé®Cc, for outputs irrespective of which activity produces the
commodity, with'the, total' domestic production of commodities being denot@idGs The
inclusion of the possibility of mulproduct activitiesusing CET functions, means that
activity specific pricesRXACac) and quantitiesgXACac) must be allowed for commaodities.
Commodity importsQMc, are valued carriage insm@e and freight (cif) paid, such that the
domestic price of import®Mc, is defined as the world priceWMc, times the exchange rate,

ER, plus an adjustment fad valorem import duties,TM.. All domestically consumed

10 In this model the allocation by domestic producers of commodities between domestic and export markets

is made on the supply side; implicitly there are two supply matrisepplies to the domestic market and
supplies to the export market.
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commodities are subject tovariety of productaxes sales taxes[S., excise taxesTEX.. and
value added taxe$V.. Other taxes can be readily added.

Domestic production activities receive average prices for their oltKsitthat are
determined by the commodity composition of their outputs. Since activities produce multiple
outputs their outputs can be represented as an iQdexformed from the commodity
composition of their outputs. In addition to intermediafuts, activities also purchase
primary inputsFDs 4, for which they pay average pric&#gkr. To create greater flexibility the
model allows the price of each factor to vary according to the activity that employs the factor.
Finally, each activity pays productidaxes, the rate3Xa, for which are proportionate the
value ofactivity outputs.

The model allows for the domestic use<f both domestic and foreign ewned factors of
production, and for payments by foreign activities for. the use of domestically owned factors.
Factor incomes therefore accrue fram payments by domestic activities aga cgvities,
factwors, where payments by foreign activities are assumed exogenously determined and are
denominated in foreign currencies. After allowing:for depreciatigprect, and the payment
of factor taxesTFy, the residual factor incomeg-DISTs, are divided between domestic
institutions (households, enterprises and gavernment) and the rest of the world in fixed
proportions.

Households receive incomes from faatemtals and/or sal¢tNSVAn+), inter household
transfersHOHO p, transfers from enterprisddOENThe, and governmenhogovconst,, and
remittances from the rest of the worhdworn, where remittances are defined in terms of the
foreign curreney. Househald expenditures consist of payments of direct/incomdtaxes,
after which savings are deducted, where the savings 8&tkls, are fixed exogenously in the
baseconfiguration of thenodel. The residual household income is then divided between inter
household transfers and consumption expenditures, with the pattern of consumption

expenditures determined by the household utility functions.
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Table 3 Transactions Relationships for the Standard Model
Commodities Activities Factors Households
(PQCDcIes * QCDCIes )
Commodities 0 (PQDC *QINTD, ) 0
(Pcp,, *QcD2,,, )
(PXC,*QXC,); (PX,* QX))
Activities 0 0 0
(PXAC, . *QXAC,,)
Factors 0 (WFf * FDf,a) 0 0
Households 0 0 af- Il\IS\/'A‘S|_|h,f HOHQO, .,
Enterprises 0 0 af- INSVASHe.f 0
(TM_* PWM_* QM * ER)
(TE.* PWE.* QE* ER) .
. . & INSVASH_
Government (TV. * PQD.* QCD,) (TXy* PX2QX, ) f (TY, * YH, )
(TS, * PQs.* QQ,) TF, * YFDISP,
(TEC,* PQS.* QQ,)
Capital 0 0 6} deprec, HSAV,
Restofworld | (PWM_ * QM_* ER) 0 6;1 INSVASH,, 0
Total (PQD,*QQ.) (PX,*QX,) YF, YH,
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Table 3 (cont) Transactions Relationships for the Standard Model

Enterprises Government Capital RoW Total
PQD, * QINVDy,
Commodities | (PQD, * QENTD,) (PQD, *QGD, ) (PQD.* QINVD,) (PWE, *QE,* ER) (PQD,*QQ,)
(PQD, * dstocconst, )
Activities 0 0 0 0 (PX,*QX,)
Factors 0 0 0 ( factwor, * ER) YF,
Households HOENT,, (hogovconst, * HGADJ ) 0 (howor, * ER) YH,
Enterprises 0 (entgovconst*EGADJ ) 0 (entwor * ER) EENT
GOVENT,
Government (TYE . YE) 0 0 (govwor* ER) EG
Capital ENTSAV, (Y& - EG) 0 (CAPWOR* ER) TOTSAV
Rest of World 0 0 0 0 Total ‘Expen
Total YE YG INVEST Total “lncom
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Theenterprise accousiteceive income from factor sal@slSVA), primarily in the form
of retained profits! transfers from governmerentgovconst, and foreign currency
denominated transfers from the rest of the wenéyor. Expenditures then consist of the
payment of direct/income taxeéBYE, consumption, which is assumed fixed in real tettns,
and savings, which are defined as a residual, i.e., the difference between iYiepara]
committed expenditur&ENT. There is an analogous treatment of government savings, i.e.,
the internal balance, which is defined as the difference (residual) between government
income,YG, and committed government expenditt#€, The enterprise acecounts are defined
to include privately angublicly owned(parastatalsincorporated businesnterprises and

other institutions, e.g., charitighat may beeconomicallyrélevant'?

In the absence of a clearly definable set of behavioural relationships for the
determination of government consumption expenditure, the quantities of commodities
consumed by the government are fixed in real’'terms, and’hence government consumption
expenditue will vary with commodity price$t Transfersby the government to other
domestic institutions are fixed in nominal terms, although there is a facility to allow them to
vary, e.g., with consumer prices. On,the othend,government incomes can vary widely.
Incomes accrue from,the various tax instruments (import and export duties, sales, production
and factor taxes, and direct taxes);that can all vary due to changes in the values of production,
trade,and consumptigrand from factorsINSVA). The government also receives foreign
currency denominated transfers from the rest of the wgoidyor, e.g., aid transfers.

Domestic investment demand consists of fixed capital formafibsyDc i, and stock
changesglstocconstc.«The comparative static nature of the model and the absence of a capital
composition matrix underpin the assumption that the commodity composition of fixed capital
formation is fixedby the type of capital gogdvhile a lack of information means that stock

changes are assumed invaridtwwever,the value of fixed capital formation will vary with

n Hence the model contains the implicit presumption that the proportions of profits retained by incorporated
enterprises are constant.

12 Hence consumption expenditure is defined as the fixed volume of consun@ENhD,, times the
variable prices. It requires only a simple adjustment to the closure rules to fix consumption expenditures.
Without a utility function, or equivalent, for enterprises it is not possible to define the quantities
consumed as the result of an agtation problem.

3 Typically incorporated business enterprises are not reported to engamesumptiorexpenditures
however other domestic institutions may do so, hence the inclusion of final demand by enterprises in the
model.

14 The closure rules allow for the fixing of government consumption expenditure rather than real
consumption.
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commodity prices while the volume of fixed capital formation can vary bethuse othe

volume of savings changing or changes in exogenously determined parameters. In the base
version of the model domestic savings are made up of savings by households, enterprises, the
government (internal balance) and foreign savings, i.e., the balarthe oapital account or
external balanc&ZAPWOR. The various closure rules available within the model allow for
different assumptions about the determination of domsatimgs, e.g., flexible versus fixed
savings rates for households, and value of

rate.

Incomes to the rest of the world account, i.e., expenditures by the domestic economy in
the rest of the world, consist of the values of imported’commodities and factor services. On
the othethand,expenditures by the rest of the world acceouat, incomes to the domestic
economy from the rest of the world, consist of the values of exported commaodities and NET
transfers by institutional accounts. All these transactions are_subject to transformation by the
exchange rate. In the base model thiahce on theapital account is fixed at some target
value, denominated in foreign currency terms, e.g., at a'level deemed equal and opposite to a
sustainable deficit on the current account, and the exchange rate is variable. This assumption

can be reversed, where appriate, in the model'closure.

2.3 Core Price and Quantity Relationships

Figures 1 and provide further detail onthe interrelationships between the prices and
guantitiesfor commodities and activitied hesupplyprices of the composite commodities
(PQS.) are defined as the weighted averages of the domestically produced commaodities that
are consumed domesticallgldc) and the domestic prices of imported commoditiid),

which are defined as the products of the world prices of commoditiési{) and the

exchange rateER) uplifted byad valorem import duties TMc). These weights are updated

the model through first order conditions for optima. The average prices exclude sales taxes,
and hence must be uplifted kad(valorem) salesand excisd¢axes TSc , TEXc), and possibly

other tax instruments, and by trade and transport maiigutsm. * PTTm) to reflect the
compositeconsumer priceRQD.) and the VAT inclusive priceQCDc). The producer

prices of commoditiedPXCc) are similarly defined as the weighted averages of the prices
received for domestically producedmmodities sold on domestic and exp8d) markets.

These weights are updated in the model through first order conditions for optima. The prices
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received on the export market are defined as the products of the world price of éXp&ds (
and the exchange rateR) less any exports duties due, which are defineadbsalorem

export duty ratesTEc).

Figure 1 Price Relationships for the STAGE Model
T‘\ TVC
PQD.
>
é (quttqqmc * PTTm) \ TEXC
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PQS. =1
PWE, * ER Se

TEa \
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T~ ™,
» PWM, * ER
PXGe= 1
»/xo/sg\
PXACa1c PXACanc PXACa.2
W
PX
T
l X,
PINT, PVA,

The average price per unit of output received by an actKy)(is defined as the
weighted average of the domestic producer prie&&Cac), where the weights are constant

or variables according to the model configuration. After paying indirect/production/output
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taxes [Xa), this is divided between payments to aggregate value agdéd)( i.e., the

amount available to pay primary inputs, and aggregate intermediate iRp\iTs)( Total
payments for intermediate inputs per unit of aggregate intermediate input are defined as the
weighted sums of the prices of the inplRQD.).

Figure 3 Quantity Relationships for the STAGE
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Total demands for the composite commoditi@Q,, consist of demands for
intermediate inputINTD., consumption by household3CDc, enterprisesSQENTD., and
governmentQGD, gross fixed capital formatio@INVD., and stock changedstocconst..
Supplies from domestic produce@D., plus importsQMc, meet these demands; equilibrium
conditions ensure that the total supplies and demands for all composite commodities equate.

Commodities are delivered to both the domestic and expBgt,markets subjecbt
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equilibrium conditions that require all domestic commodity produc@Xt., to be either

domestically consumed or exported.

Production Relationships

The production system is set up #eaible n-level nest of CES production functigngith

the option of Leontief functions at various levels: the system can be different for each.activity
The system is controlled by assigning the memberships of several sets when calibrating the
model.This flexibility in the specification of the production system,has advantages and
disadvantages. On the plus side, it allows the use of one core set of model codes in various
contexts, e.g., land fertiliser substitution in agriculture,.modelling, of watamaoduced

product and substitution between energy inputs in.an.energy model, There are negative
considerations: first, the model code is more campleXessitransparent; second, the set
assignments are potentially error prone and ensuring the planned system is the implemented
system is less easy; and third, a wider range of options may encoueagkaboratiomnd

hence less clarity in the results.

It is important to note that in any nested system, with aggregates being created at the
various | evels of the system, that the aggre
aggregates are constructs that exist solely to facilitate different degédsstifutability
between the various natural factors and, if in‘thesspecification, factor commodities in the
system. No one owns theaggregatesand.the associated prices are only required to provide
solutionso the firsbrder conditions. Moreover, sine t hese aggregates are
not owned they cannot pay taxes, and hence their prices cannot be tax ridden, except to the

extent that they encompass taxes paid on natural factors and factor commodities.

Moreover, the plethora of different production systems means that the expositional
simplicity associated with a fix production system is lost. Hence, the description here is
generic. The system described is for one activity: the system may or may notebfosall
activities in a region. The system assumes that the activity uses 5 commaodity inputs and five
natural/primary factors; three of the commodity inputs will be included in the-ealded
nest and therefore will be known as factor commodif®sgo the system will effectively

have 8 factorsff) and 2 intermediate (commodity) inputs.
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Figure 3 Production Quantity System for a Typical Region
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Starting with'the quantity. system illustrated in FigurdBthe top level aggregate
intermediate inputsJINT).are combined with aggregdeectorinputs QVA) to produce the
output of an activity@X). This top level production function can take either CES or Leontief
form, with CES being the default and the elasticities being activity sp&tiiggregate
intermediate inputs are a/Leontief aggregation of the indivichraimodities used as
intermediatenputs 1.e.; those commodities that are not factor commoditiesre the input
output coefficientsi¢qint) are defined in terms of input quantities relative to the aggregate
intermediate input® The value added production function is a CES function aygregate
capital(Kag), aggregate land (Nag) andaggregate labour(Lag), with the elasticities being
activity specific these aggregates are created at the third. l&ggkegate land is defined as a
CES aggregate of the natural factor laN)t { and the commodity factor fertilisefie(t), which

% The model allows the user to specify the share of intermediate input cost in total cost below which the
Leontief alternative is automatically selected. The user also has the option to make activity and region
specific decisions about the selection of GE%eontief forms.

16 A more flexible specification, with substitution possibilities between intermediate inputs, exists but is not
included in ANARRES.

o ‘“Natural’' | andvaroasy t p pe madef ugraomith,zones. g. , Agr o
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is assumed to be a land saving input. The nests for aggregate labour and capital have two
levels of nest. Aggregate labolraf) is defined as a CES aggregate of the natural factor
unskilled labourI(us) and aggregate skilled labourSég), and aggregate skilled labour is
defined as a CES aggregate of two types of skilled lalhstirahdLs?2); the elasticitiesre
activity andlevel specific Finally, aggregate capitakag) is defined as a CES aggregate of
the natural factor capitaKj and aggregate engr¢ENag), and aggregate energy is defined as
a CES aggregate of two types of fossil fueta[ andoil); the elastiCitiegreactivity and

level specific!®

In the price system for productiotie price of aggregate intermediate commodities is
defined as the input (coefficient) weighted average of the intermediate.commaodities prices
(PQD*) where the * indicates that the price is'the comman purch@Q&)(plus,any agent
commodity specific taxeJ.heprice ofvalueadded PVA) isdetermined by thehare
weighted average of the prices of the three (labour, capital and land) aggregate inputs (WFA);
note that these aggregate inputs are ‘not subject to any taxes (hence no *). The price of
aggregate land is determined by the by the share.weighted avéthgerices of the factor
commodity {ert) and the natural factor land, whét®D* s the price of the factor
commodity, which is.composed.of the common purchaser R@B) plus any agent
commodity specific taxes, as indicated by the *. The pricgofegate capital is determined
by the share weighted average of theprices.of the natural factor céfsitsl &nd the price of
aggregate energy Inpul/EAenag)p Which is a share weighted average of the prices of the
factor’'commaodities coal and oil capital. Again, and asterisks indicate that a price includes any
agent specific taxes. In a'similar manner, the price of aggregate labour is determined by the
share weighted average of the prices of the natural factor unskilled labdtA)(and the price
of aggreate skilled labouWFA), which is a share weighted average of the prices of the two

different types of skilled labout§1 andLs2). actor commodities coal and oil capital.

A critical feature of the price system is the distinction between the prices paid by
activities and prices received by the natural factors and commaodity factors. The price paid by
the activities, indicated by an *, are the relevant prices for the sele¢ttmmmodity input
mixes, i.e., the prices that enter the respectivedndér conditions. Whereas the prices

received are those that are important to decision making by the agents that own the factors.

18 In practical applications it would be expected that the aggregate energy nest is more complex, e.g.,
aggregate energy is formed from electricity and-al@ttricity inputs with norelectricity inputs being
formed from fossil fuels.
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Figure 4 A Production Price System for a Typical Region
PXa
0 /
PINT, PVA,
SVa
ioqintgl,a ioqint’gz,a WFA g4 WFAw4g.a WFAKag,a
*PQD c1a *PQD (24 /‘\a a /‘\2
WFALsag,a WFA*Lus,a PQD*ferta [ WFA*N,a WFAENaQ a WFA*K,a
WFA' e WFA' g PQD coua [ PQD iia [
WFA coal,a WFA oil,a

The price of activity output(X) a share weighted average of the prices of aggregate
intermediatesRINT) andvaggregated natural facters and commodity fad&&)( uplifted
by anythe production tax rate$ X). The activity prices are @neto-onemapping of the
commaodity prices received by activitid®XC); this is a consequence of the supply matrix

being'a square diagonal matrix.

Production relationships by activities are defined by a series of nested Constant
Elasticity of Substitution (CES) production functions. In the base version there is a two level
production nest, which, in quantity terms, is illustrated in Figure 4. For illustration purposes
only, two intermediate inputs and five primary inpWE®{a, FDi1a, FDi2,a, FDizaandFDn )
together with one aggregate primary ingeiD(a) are identified. Activity output is a CES
aggregate of the quantities of aggregate intermediate inPLN3 ) and value addedVA),
while aggregate intermediate inputs are a Leontiefeagde of the (individual) intermediate
inputs and aggregate value added is a CES aggregatequfathiities of two primary and one
aggregate inputs demanded by each actiWB)( The aggregate primary input is then a CES

aggregate of the different primary factors at the third level. The allocation of the finite
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supplies of factorsHSI) between competing activities depends upon relative factor prices via

first order conditions for optima.

Figure 4 Production Relationships for the STAGE Model: Quantities
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Figure 5 Production Relationships for the' STAGE Model: Prices
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The price relations for the production system are illustrated in Figure 5. Note how the
prices paid for intermediate inpuB@D) ar e t he same as paid for
of one price relationship holds across all domestic demand. Note also that factor prices are
factor and activity specifioNF+a).

Commodity and Activity Output System

The option for multiple product activities means that domestically produced commodities can
come from multiple activities, i.e., the total production of a commedity is defined as the sum
of the amount of that commodity produced by each activitys The systiaxible with the

actual treatment of mulproduct activity being activity and commaedity specific with the
choices controlled by sets. The code allows for commodities produced by different activities
to be homogenous or heterogenous and for the ooripuby activities being fixed, which is
equivalent to a form of bproduct assumption, or flexible, which means to mix can change in

response to changes in commodity prices.

Figure 6 Quantities for Commaodity and Activity Qutputs
orc!
OVAC,, OXACy OXAC,, ..
ox,

The domestic production of a commodiQXC) is a CES aggregate of the quantities of
that commodity produced by several different activit@XAC), i.e., it is presumed that each
activity produces a different (heterogenous) variety of the same commodity, or the simple
aggregate of the quantities produced by each activity, i.e., it is presumed that each activity
produces an identical (homogeneousnmodity. The output by each activit®X) can be
produced in activity specific fixed proportions, i.e., theput of QXAC is a Leontief (fixed
proportions) aggregate of the output of each actigiy)( or a CET aggregate whereby the
activity adjusts the output mix according to changes in the relative prices of each commodity
it can produce@XAC).
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The presence of multiple prodiar activities means that domestically produced
commodities can come from multiple activities, i.e., the total production of a commodity is
defined as the sum of the amount of that commodity produced by each activity. Hence the
domestic production of a commibd(QXC) is a CES aggregate of the quantities of that
commodity produced by several different activiti®@XAC), which are produced by each
activity in activity specific fixed proportions, i.e., the output@fAC is a Leontief (fixed

proportions) aggregate of the output of each actigi)(

LabourMobility Options

The internationastandard, i.e., System of National/Accounts, for the elassification of labour
adopts the I nternati onal Labour® Organisation
Occupations (ISC@8) that was last endorséd in 2608
(https://www.ilo.org/public/english/bureau/stat/isco/docs/groupdefn0§. Gitinsequently,

labour force surveyand national accounts report quantitiearaf payments t@bourby
occupation categorie$he system is well understoadd widely adoptedHowever, the ISCO
is essentially a descriptiteol, and this creates some difficulties the analysis and
modeling of labour markets.

Whole economy models typically assumesthat labour types are rigidly segraeaked
that, f ori ¢ mlst @ama&lBCOMajarrGhoeprégre precluded from working
as ‘@l ant. and malchC O eMajper th&edeimgpsubs8tantivd e s pi t e
overlapsibetween skill set&This is arestrictive assumption that argualblys counter to the

evidence that, to some extent, workers are mobile aoozsgations.

The labourmebility Options allowhe model user teelax thisassumptionSpecifically,
the modehlssigns ownership dypes and quantities ¢dbour to institutionghouseholds and
the rest of the world).e., factor supplies by institutisnFSI), such that each representative
household group (RHGhay own a mix of different types and quantities of labdtwe model
user then definggpair wisewhich labour types by institutiocentransition between
categories and how responsthe transitions are to changegéativeeconomic incentives

i.e., factor prices.

19 The ISCO was first endorsed in 1957 and has been periodically revised.
20 This does not precludmmposition of labour forces changing over tichee to the occupational
characteristics afiew entrants to the workforce differing from those of retirees.
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Household Utility Relationships

The nested (CE&ES) utility functions have a linear expenditure system (LES) defined over a

mix of natural and aggregate commodities. This is illustrated in quantity terms in Figure 6
where t heag® ub ndriicptt e's an aggregatfe @ omantown a ly
commodity. The underlying logic is that each household demands subsistence quantities of

certain aggregate commodities, e.g., food, energy, etc., but not necessallilyatdiral

commodities, e.g., meat, gas, &tbus,the LES utiity functions for each household are

defined over a mix of aggregate and natural commodities demands for which there are

subsistence quantitiegcfconst) and marginal budget shard®t@) of discretionary

household consumption expenditurBs KIEXP).

Figure 6 Utility Functions in Quantities
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The aggregate commodities are CES aggregates of various natural commodities that are
demanded to generate the aggregate. Since each househalsldifferent preferences, as
disclosed by the data, the quantities of each commaxdlityxged to generate an aggregeae,
the demand for each commodiQGD2) has three arguments. As illustrated in Figure 6 the
system is general in the sense that any number of commodities can be used to generate each

aggregate and there can be any mix of aggregates and natural commodities in the LES.
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The Law of One Price (LOOP) must however be retaifbds,despite the demand for
commodities by each household depending andh the prices paid are only determined by
the commodityc. However, since the mix of commaodities in each aggregate commodity
varies by household because the quantities of each natural commaodity, the weights, are
different for each househol@onsequentlythe aggregate priceBQCD) are indexed on both
the aggregate commoditgag, and the household, This is illustrated in Fjure 7 where the

components of the transaction values are identified.
Figure 7 Utility Functions in Transaction Values
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Two points'deserve/emphasis. The prices for aggregate commodities entering into the

PQDCS*(1+TV05)*QCD20a92,05,h
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LES function cannot, by definition, be charged VAWV] since they have no real

equivalent? But the value of the aggregate commodities must be defined sbelanclude

any VAT paid on the natural commodities that make up the aggregate commodities. And
second, the requirement for elasticity estimates is both increased and made empirically more
difficult. The increase in empirical difficulty is that substitutielasticities are required for the

components of the aggregate commaodities; the income elasticities of demand are for

2 The model code appears to include VAT on aggregate commodities in the LES equations in the nest. This
is because of how the equations are written; elsewhere in the code the VAT rates on aggregate
commodities are fixed at zerdowever,it is important to guard against creating a VAT rate on
aggregates in policy simulations; to do so the user would need to override controls included to avoid such
a possibility.
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aggregates, which the situationencountered with standard implementations of LES

functions.

LaboutrlLeisure Trade Off

Leisure is introduced intthe model a5 s p e acomnaotlities that arlRHG specific and can

only be produced using labour supplied by RiG that consumes that type of leisure. Since
the compositions and quantities of the labour inputs used to produce leisure are specific to
eachRHG, each type of leisure has a unique input mix and hence,cost of productipncand
Thus,the production system is extended to include one leisure activity for each RHG, with
each leisure activity producing one RHG specific leisuré commaodity that can only be
produced by that activity. The RHG specific leisureicemmodities theniatdenodel utility
functions at the LES level, which simply requires an extension to the nested utility functions

to include leisure (see Figure 8).
Figure 8 Utility Functions with Leisure

PQ Dcl*(l+TVcl)*QCchagl,cl,h

PQDe*(1+TVe2)*QCD2¢ig1 con ———( S21 PQCD g1 4 *QCD ag

“/

K

PQDcs*(1+TVCS)*QCD20agl,c3,h

PQDC4*(1+TVC4)*QCDC4,h \
LES HEXP

PQDyes*(1+TVqeis) *QCDyéish /
PQ DCS*(1+TVCS)*QC D2<:ag2,05,h

S22 PQCDcagz,h*QCDcaQZ,h

=

\

PQDCG*(]-+TV06)*QCD20a92,c6,h

This formulation implies that leisure accounts for a positive marginal budget share
(beta) so that as RHG consumption expenditures increase so does the denhaisdrigthe
income effect. The substitution effect depen
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nest Since the prices of the leisure commodities depends solely on the wage rates and labour
input shares the behavioural relationships underpinning the substitution effects are the
marginal costs of producing leisure by the leisure activities that are ldesdly to

individual RHG.

Note however that in household consumption variable in FigurEBR*) is different
to the household consumption variable in FigurelZXP). This highlights the requirement
that the household consumption variable with laHeisure tradedffs must include the value
of leisure. This raises the empirical problem of how to'value leisure.

The opportunity cost of labour used in the‘production of leisureis the marginal wage
income foregone; hence the transaction values in.the SAM database forlabour used in leisure
activities are the wage rates for each labour type times the quantitieswf lesed to produce
leisure. Since in this context leisuretime is time foregone\from the labour market, within the
production boundary, by members of the' RHGs its valuation avoids the complication
associated with defining the production bound&pecifically, Ieisure time can only be
provided by those persans that enjoy the leisure and the opportunity cost of the time and its
market price are identical, and therefore leisure can be given an unambiguous price and hence
valuation.Thus,the problem of yaluing leisure reduces to deriving estimates of the time
‘“devoteedy, to | eisure EXCLUDING time taken wup

production boundars?

Endogenous. Functional Distribution of Income

Any formulationef'a CGE/model that allows endogenous changes in factor supply requires
some method, implicit'or explicit, for assigning the changes in factors supply by each
institution to the existing structure/pattern of factor supply. In most known CGE models
where tle code can be verified, e.g., IFPRI, STAGE 1 and PEP, the allocation is implicit: the
structure/pattern of factor supply by institution is fixed, i.e., model parameters, which amounts

to an assumption that changes in factor supplies anndram institutions proportionate to

22 This should not be interpreted as an endorsement o
There is a long literature on the issue of the val
production boundary. In essence the contrasting argisncan be reduced to whether labour used to
produce such services should be valued on an opportunity cost basikjldeareprovided by high
earners should have a higher valuation that that provided by low earners, or a market prices, i.e., child
care should be valued at the cost of hiring nannies.
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their supplies in the base period. It is arguable that this assumption, a fixed and exogenously

determined functional distribution of income, is generally inappropriate.

A standard assumption is a perfectly elastic supply of labour at the existing wage
rate/marginal cost. The assumption that the functional distribution is fixed requires that any
labour added/subtracted from the market is drawn/withdrawn equiproportiofratelgl|
institutions. Consider the simple case of 2 households, one rich and one poor, both supplying
skilled and unskilled laboutt is arguably likely that the rich household will have more
skilled labour relative to the poor household, and henceltast is thewpossibility that any
increase in supply of unskilled labour may be biased towards the poor houstiveder,it
may arise, ANY changes in labour supplies are likely ta generate'some changes in the pattern
of factor supply by institution, and that given any.systematic behavioural determinants of
changes in labour supply changes in the functional distributiarcome is highlyprobable

This model introduces behavioural relationshipsithat ensure the functional distribution

of income changes as the patterns afifactor supply by institution change.
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3. Algebraic Statement of the Model

The model uses a series of sets, each of which is required to be declared and have members
assigned. For the majority of the sets the declaration and assignment takes place
simultaneously in gingle block of codé® However, the assignment for a numbéthe sets,
specifically those used to control the modeling of trade relationships is carried out
dynamically by reference to the data used to calibrate the moadel. The following are the basic
sets for this model

cc ={natural and aggregate commodilies
¢ ={natural commoditigs
a ={activitieg
f ={factorg

ins ={domestic institutior}s

insw ={domestic institutions and rest of the rvat
h ={households
g ={governmerj
e :{enterpriseb
i ={investmenj

w ={rest of the worl}

and for each set there is an alias.declared that has the same membership as the corresponding
basiC set..The notation usewolves the addition cd p’* s wofthie seklabele.g., the alias
for cis cp.

However, for practical/programming purposiesse basic sets are declared and assigned

as subsets of a global sg¢,

sac ={c,a, f ,h,g e i w total}

All the dynamic sets relate to the modeling of the commaity activityaccounts and

therefore are subsets of thesseanda. The subsets are

23 For practical purposes it is often easiest if this block of code is contained in a separate file that is then
called up from within the *.gms file. This is how the process is implemented in the worked example.
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ce(c) ={export commoditigs
cen(c) =

ced(c)

non-export commoditiés

export commodities with export demaimhctioné,

cedn(c) ={export commodities without export denmhfunction}s

cmn(c) ={non-imported commoditie}s

cx(c) ={commaodities produced domestic:}lly

{
{
{
{
cm(c) ={imported commoditigs
{
{
{commodities NOT produced domesticai}D imperted
{

cxn(c) =
cd(c) ={commodities produced AND demanded det’mally}
cdn(c) ={commodities NOT produceAND demanded domesticaj

and members are assigned using the data used forealibfadiitionally, there are some
sets, referring to commodities and activities, which are used to control the behavioural
equations implemented in specific cases. These are

cxac(c) ={differentiated commodities producedndestically

cxacn(c) :{UNdifferentiated commaodities producddmesticall)}'

cles(cc) :{natural and aggregate commaoditiesdp tevel LES utility function}s
cces(c) :{natural commodities in second level Cagity functions}

cag(cc) ={aggregate commodities from second'l&VES utility function}s

{
ag(a) =
{
{

agxn(a) =
acet(a) ={activities with.CET aggregation of conodity output};

activities with/CES aggregation at L&M}
activities with Lleontief aggregation at Leve}l 1

acetn(a) :{activities with by-product - fixed ppmrtion - aggregation of commodity outp}L

and theirmemberships are set during the model calibration phase.

Finally, a setis declared and assigned for a macro SAM that is used to check model

calibration. This set and its members are

SS :{commdty, activity,valuad ,hholds,entp ,govtn kapital ,world ,totals} .

Reserved Names

The model also uses a number of names that are reserved, in addition to those specified in the

set statements detailed above. The majority of these reserved names are components of the
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government set; they are reserved to ease the modeling of tax instruments. The required

members of the government set, with their descriptions, are

IMPTAX  Import Taxes J
EXPTAX  EXxport Taxes :
SALTAX  Sales Taxes |
ECTAX Excise Taxes;

tf, VATTAX VAT Taxes |
INDTAX  Indirect Taxes;

FACTTAX  Factor Taxes
DIRTAX  Direct Taxes -

GOVT Government 4

D:

B e e e e R R S R )

wheretf is the set of factor use taxes, with one membdrfof each member of the set of

factorsf.

The other reserved names are for the factor account and for the capital accounts. For
simplicity the factor account relating'tosresidual payments:to factors has the reserved name of
GOS (gross operating surplus); in many. SAMSsthis accountwould include payments to the
factors of production land and physical capital/payments Jlabeled mixed income and payments
for entrepreneurial services. Where the factor accounts are fully articG@&dould refer

to payments to theaesidual factar, typically physicaitehand entrepreneurial services.

The capital accountineludes provisien#oultiple expenditure accounts relating to
investment. All expenditures on'stock changes are registered in the adstocinivhile all
investment expenditures are registeresh@stmenticcouns k**. All incomes to the capital
account acerue to thes aceount and stock changes are funded by an expenditure levied on

thei_s account to,thestoc account.

Conventions

The equations for the model are setowtleven’ bl ocks’' ; which group th
the foll owtimagdcdmmddngyg pri e ‘o du,cfaciorodr ai r e
‘household ent er pri se’ , ‘gover nmenftnmarkekleapngt.al *
This grouping of equations is intended to ease the reading of the model rather than being a
requirement of the modet also reflects the modular structure that underlies the programme

and which is designed to simplify model extensidlevelopments
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A series of conventions are adopted for the naming of variables and parameters. These
conventions are not a requirement of the modeling language; rather they are designed to ease
reading of the model.

A All VARIABLES are in upper case.

A The gandard prefixe$or variable names ar®:for price variablesQ for quantity
variablesE for expenditure variable¥,for income variables, andfor value
variables

A All variables have anatching parameter that identifies the value of the variable in
the base period. These parameters are inuppeacaseé c ar r yandarée 0’ suf
used to initialise variables.

A A series of variables are declared that allow,forithe equiproeportionate adjustment of
groups of parameters. These variablesf@are named using the cenvEAan
where ** is the parameter series they adjust.

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

A Names for parameters aretderived using account abbreviations with the row account
first and the column account'second, eaggcom** is‘a parameter referring to the
activity:commaodity (supply or make) subatrix;

A Parameter namesthave a two or five character suffix which distinguishes their
definition, eg., **sh Is a share parameter,a¥is an average and &bnst is a
constant parameter;

A The.names for all parameters andwariables are kept short.

Trade Block Equations

Trade relationships are modeled using the Armington assumption of imperfect substitutability
between domestic and foreign commodities. The seleokenequationsare split across two
subblocks— exports and importsandprovide a general structure that accommodates most
eventualities found with single country CGE models. In particular these equations allow for
traded and notraded commodities while simultaneously accommodating commodities that
are produced or not prodet domestically and are consumedot consumed domestically

and allowing a relaxation of the small country assumption of price taking for exports.
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Exports Block

The domestic prie of exports (ElLis defined as the product of the world price of exports

(PWE), the exchange rat€R) ard one minus the export tax r&tand are only implemented

for members of the setthat are exported, i.e., for members of the sulzséthe cost of

transporting commodities in the form of prices of per unit margin services are also included in
determiningPEc. The world price of imports and exports are declared as variables to allow

relaxation of the small country assumption, and are then fixed as appropriate in the model

closure block.

Export Block Equations

F)Ec = PWEC * ER* @' 'TEC) a m(ioqttqem,c* PTTm) Cél

PE.FX,=0.0 e

QXCC — atc * (gc* QECrhOtC _e- _g* QDCrhOIC )?Otc

QXC.FX,=0.0 /e

1
QE, :2PEC (- 9) (goa-l)
QB ePD. g 4

QE.FX_=0.0 Jfce

QXC, =QD, RE,

QD.FX_=0.0 /ed
o - gla;
aPWE, o
QE, =econ.*==—— §
c pwse, -

24

40

ALL tax rates are expressed as variables. How the tax rate variables are modeled is explained below.

1

ce' AND cd

"ce AND cd

(cen) ? Ixd) QR jcdR)l

"ced

(E1)

(E1B)

(E2)

(E2b)

(E3)

(E3b)

(E4)

(E4b)

(E9)
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The output transformation functions (E2), anddbsociated firsbrder conditions (E3),
establish the optimum allocation of domestic commodity outp¥C( between domestic
demand QD) and exportsQE), by way of CET functions, with commaodity specific share
parametersg, elasticity parametershot) and shift/efficiency parameterat). The first order
conditions define the optimum ratios of exports to domestic demand in relation to the relative
prices of exportedRE) and domestically supplie®D) commodities. But (E2) is only
defined for commoditiethat are both produced and demanded domesticalyad
exported ¢e). Thus, although this condition might be satisfied for the majority of
commodities, it is also necessary to cover those cases where commodities are @mdluced
demanded domestically boot exported, and those cases where commaedities are produced
domesticallyand exported buhot demanded domestically:

If commodities are produced domestically hat'exported, then domestic demand for
domestically produced commoditigd@)is, by definition (E%, equal to domestic commodity
production QXC), where the setsen (commadities not exported) aed (commodities
produced and demanded domestically) contralkimplementation. On the other hand if
commodities are produced domestically bat demanded by the domestic output, then
domestic commodity productio®XC) is, by definition (E4, equal to commodity exports
(QE), where the setse (commaodities exported) aredn (commodities produced but not

demanded.domestically) control implementation.

The equations E1to Eate sufficient for a general model@fportrelationships when
combined'with the small country assumption of price taking on all export markets. However,
it may be appropriate to relax this assumption in some instances, most typically in cases
where a country is amajor supplier of a commoditpheoworld market, in which case it may
be reasonable to expect that as exports of that commodity increase so the exp&Epate (
that commodity might be expected to decline, i.e., thentry faces a downward sloping
export demand curve. The inclusionexiport demand equations (Eiccommodates this
feature whereexport demands are defined by constant elasticity export demand functions,
with constantsecon), elasticities of demandt@) and prices for substitutes on the world

market pwse).
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Imports Block

The domestiprice of competitive imports (1) is the product of the world price of imports
(PWM), the exchange rat&R) and one plus the import tariff ratéMc). These equations are
only implemented for members of the sd¢hat are imported, i.e., for members of the subset

cm.

Import Block Equations

PM, =(PWM_*(L #M,))* ER ¢m M1)
PM.FX_=0.0 /fem (M1b)
1
— - rhoc, Thoc, \ rhoc.
QQ, =ac, (0;QMc {1 -gQD, ) hoc, crh AND cx M2)
1
e (ggrhoc;)
QM. _ éPDC - O ‘tm AND ¢x
QD, aPM, (1' dc) ( _ (M3)
QM.FX,=0.0 /cm_ (M3b)
PDFX, =0.0 /ed : (M3c)
QQ. =QD, M, (fcmn) ? @x) ORm | oD (M)

Thedomestic Supply equations are modeled using Constant Elasticity of Substitution
(CES) functions and associated first order conditions to determine the optimum combination
of supplies from domestic and foreign (import) producers. The domestic supplies of th
composite commoditie®)Q) are defined as CES aggregates (M2) of domestic production
supplied to the domestic mark€ld) and importsQM), where aggregation is controlled by
the share parameterg(the elasticity of substitution parametenso¢) andthe

shift/efficiency parameters€). The first order conditions (M3) define the optimum ratios of
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imports to domestic demand in relation to the relative prices of impdthdylgnd

domestically suppliedPD) commodities. But (M2) is only defined for commodities that are
both produced domesticallgx) and imported ¢m). Although this condition might be

satisfied for most commaodities, it is also necessary to cover those cases where commodities
are produced butot imported, and those cases where commoditiesa@rproduced

domesticallyand are imported.

If commodities are produced domestically bat imported, then domestic supply of
domestically produced commoditie3D) is, by definition (M3, equal'to domestic
commodity demanddQ), where the setamn (commaodities not imported) arvet
(commodities produced domestically) control implementation. Onithe other hand if
commodities ar@ot produced domestically but are‘’demanded on the domestic market, then
commodity supply@Q) is, by definition (M4, equal to commodity importQM), where the
setscm (commalities imported) andxn (commoditiesinot produced domestically) control

implementation.

Trade and Transport Margins Block

Trade and transport margmsnargin servicesrecord the costs dfansferring commodities
from their source (factory gate and port of entry) to consumer (domestic or foreign). At source
commodities are valued at basicprices while at the point of consumption they are valued at

purchaser prices, i:e., inclusive of indiréaxes and trade and transport margins.

Trade and Transport Margins Block Equations

PTT, = & ioqtdgttgy, * PQD,

(M1)
QTT, =4 (ioqttqa, . *QQ,) +&(ioqttge, . * QF,)
: : . (M2)
QTTD, =8 logtdatt, , *QTT, |
. . (M3)
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The key assumption is that trade and transport margingamesented by the quantity
of trade and transport services required to deliver a unit of the commodity to the consumer
(iogttqq andiogttge — for supplies to the domestic and foreign consumers respectively). Thus,
the quantity of trade and transport services required by the economy (QTT) is defined by the
guantity of commodities demand times the quantity of margin services per unit ofekkliver

commodity (M2).

The quantities of the commodities requir€@I D) to produce a unit of margins
services are defined by Leontief technologies where the input coeffietultin) define the
guantities of commodity ¢ required to produce a unit oftthe margin services m (M3). Given
the Leontief technologies the unit cost of the margin serviteE) (is a simpleveighted

average of the costs of the commodities used inits production (M1).

Commodity Price Block

The supply pricefor commoditiegP1)are defined as the volume.share weighted sums of
expenditure on domestically produc&)) .and imported QM) commodities. These

conditions derive from thefirst order conditions for the quantity equations for the composite
commodities QQ) above?® This equation is implemented for all commodities that are
imported ¢m) and for all ecommodities that are produced and consumed domestdally (

Domestic agents consume composite consumption commodi@siiat are
aggregates of domestically produced.and imported commaodities. The prices of these
composite commoditie® QD) are defined (B as the supply prices of the composite
commodities plugd valorem sales taxesl§) and excise taxeJEX) and the per unit cost of
the margin services,used in its delivery to consumers. It is relatively straightforward to include

additional commaodity taxes.

In addition tocommodity taxes paid by all domestic agehtsuseholds also pay value
added taxesIV). The prices paid by household)CD.) are therefore defing@P3)asad
valorem increases of the composite commodity pri¢&3@); note that these prices are only
defined for natural commodities, Because of the nested GE&S utility functions (see

below)r equi r e i ntermedi at e’ pgalsecnecessdryaadefmeg gr e g a

the prices (P4) for the aggregammoditiePQCDcagy) are defined as quantity weighted

2 Using the properties of linearly homogenous functions defined by reference to Eulers theorem.
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shares of the components of each aggregate tfiRbinapping sehap_cagg_cc identifies the

natural commodities aggregate to form each aggregate commodity

Commodity Price Block Equations

_PD,*QD, +PM_* QM,

PQS, ‘td, OR cm,
QQ, : (P1)
PQD, = PQS, * (L+TS, #SS.) FEX, &Hioqttqq, APTT,)  cd'OR cm,
m (P2)
PQD.FX, =00  /PQDO, (P2b)
PQCD, =PQD,*(1+TV,) 'cd, OR cm, (P3)
PQCD.FX, =0.0 /“PQCDy. (P3b)
a PQCDCC * QCDcc,h = a PQCDCC* QCDcc,h IICca‘gcc (P4)
h cc,hi$map _ccag _CCe
PQCD.FX_=0.0 'PQCDQ, 0« (Pb)
PD, *QD, +(PE,*QE, Y ce
PXCC - C Q (o ( C Q Cﬁ C ||CX
QxC, . °5)
PXC.FX,=0.0 /fex (PSb)

There are four points to note in this relationship that derives from the application of
Euler’”s theorem to | inear homogecommuoslites uncti o
(QCD) are only indexed on the natural commogditySecond, VAT taxes are levied on the
natural commodities. Third, no VAT is levied on the aggregate commodity. And fourth, the
weights arguantitiesand the quantities are variables and therefore change as the solution is

determined.
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Finally, domestically produced commoditi€¥¥C) are supplied to either or both the
domestic and foreign markets (exported). The supply prices of domestically produced
commodities PXC) are defined as the volume share weighted sums of expenditure on
domestically produced and export€E) commodities (P2). These conditions derive from
the first order conditions for the quantity equations for the composite commo@KES (
below?® This equation is implemented for all commodities that are produced domestically

(cx), with a control to only include terms for exported commodities when there are exports

(ce).

NumérairePrice Block

The price block is completed by two price indices that.can be useddenprmalisation.
Equation (N} is for the consumer price inde@R1), which is defined as a weighted sum of
composite commodity price®QD) in the current'period, where the weights are the shares of
each commodity in total demanzbntotsh). The domestic producer price ind&e() is

defined (N2) by reference to the supply.prices for domestically produced commdriiijes (
with weights defined as shares of the value ofidomestic output for the domestic market
(vddtotsh).

Numéraire Block Equations

CPI'= g comtoetshy* PQCD;
¢ (N1)

PPl =g vddtotsh, * PD,
c (N2)

Production Block

The supply prices of domestically produced commaodities are determined by purchaser prices
of those commodities on the domestic and international markiésvig for the possibility

that the optimal output mix produced by an activity can vary according to the relative prices

26 Using the properties of linearly homogenous functions defined by reference to Eulers theorem.
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paid for thecommoditiegproduced by each activity means that the (weighted) average activity
prices PX) where the weights are quantities of each commodity produced by each activity
(I0OQXACQX).2” The determination of the optimal mixes of commodities produced by each

activity are detailed below (0).

In this model a threstage production process is adopted, with the top level as a CES or
Leontieffunction. If a CES is imposed for an activity the value of activity output can be
expressed as the volume share weighted sums of the expenditures on inputs after allowing for
the production taxegK), which are assumed to be applagdvalorem (X1). This requires the
definition of aggregate prices for intermediateB\T); these are defined as the intermediate
input-output coefficient weighted sum of the prices of intermediate inputs (X3), where
iogtdqdc,a are the intermediate inpoutput coefficients whe,the output is the aggregate

intermediate input@INT).

Production'Block Equations: Top Level

PX, = & I0QXAGQXV, 3% PXC,

(X1)
PX, * (L - TX,)* QX n{PVA*IQVA, ) APINT* QINT,) X2)
PINT, = § (ioqtdady), * PQD);
° (X3)
ADX, = gadxb, -abadx,)* ADXADJ g(DADX* a01,) (x4)
1
QX, = AD; (d'QUA ™ {1 H)QINT, ™ ) == adjx, o
1
e X (ﬂrhoc;)
QVA, _ éPINTa A u "agx,
QINT, gPVA, (1- &) § | X6)
2 In the special case of each activity producing only one commaudityeach commodity only being

produced by a single activity, which is the case in the reduced form model reported ireDaryis
(1982), then the aggregation weightgxacgx correspond to an identity matrix.
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QVA, =iogvagx, * QX, ‘agxn, (X7a)

QINT, =iogintgx, * QX, ‘agxn, (X7h)

With CES technology the output by an activit® X)) is determined by the aggregate

guantities of factors use@VA), i.e., aggregate value added, and aggregate intermediates used
(QINT), whered. is the share parametaihoc; is the substitution parameter aid; is the

efficiency variable (X5). Note how the efficiency/shift factor is defined as a variable and an
adjustment mechanism is provided (X4), whaagb is the base valuedabadx is an absolute
change in the base valldD)XADJ is an equiproportionate (multiplicative).adjustment factor,
DADX is an additive adjustment factor aakQ1 isa vector,of zeros and non zeros used to

scale the additive adjustment factor. The operation of this type of adjustment equation is
explained below for the case of thedimport duty case. The assatiatiist order conditions
defining the optimum ratios of value added,to intermediate inputs can be expressed in terms of

the relative prices of value adddtvVp) and intermediate input®INT), see (X6).

With Leontief technology at the top level the aggregate quantities of factorsQié&y (
i.e., aggregate value added, and intermediates Qd8d ), are determined by simple
aggregation functions, (X7a) and:(X7b), whergvagx andiogintgx are the (fixed) volume
shares oQVA andQINT (respectively) IMIX. The choice ofop-level aggregation function is
controlled by the membership of the agx, with the membership @igxn being the

complement ofgx.

Factor prices can vary by both factor type and by the activity that employs each factor
(WFA,2) whereff identities thenatural factorsf}, aggregate factoréag) and intermediate
inputs that are included in tvalue added arm of the production nés}, @nda the activity
To allow for variations in factor prices that originate from the factof@rattivity dimension
factor pricedor natural and aggregate fact@véFAsa) and definedXP1.1)as theproduct of
the average price for each fac{érFs) anddistributionvariablefor differences in average
factor prices by each activity\WFDIST+); typically this distribution variable is assumed to be
fixed but it can vary according to assumption about factor market behaviour.
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The price definitions for and intermediate inputs that are included in the value added
arm of the production nedtj are determineth the commodity market3he equivalent
average price is tharice of the composite commodity@D), and since this cannot vaby
activity, the distribution variabla\(FDIST) is fixed as equal to one for allmbinations.

Thus, the prices paid famtermediate inputsNFAs.a) are defined (XP1.23s equal to the

averagecommodity price, with (XP1.3ansuring the price isoommaen to all activities.

Production Block Equations: Factor Prices

WFA, , =WF, *WFDIST, 'ff _dfen AND WFDISTO( ff,a) (XPL1)
WFA . PQD 2 EDIST
,a = a C ,a
¥ E%f $map _fc _cfy f 8N g (X P1. 2)
" ff | 'fc ANDWEDISTO(ff ,a) ,0
WF.FX , =WF O /1 fag., (XP1.20)
WFDIST.FX , , =WFDIST0p% ff ifc (XPL29

There are two arms 1o the second level production nest. For aggregataddsde

(QVA) the production function is a mufiactor CES function (X9) where/* is the share

parameterrhoc;” is the substitution parameter aid," is the efficiency factor. The

associated first order conditions for profit maximisation (X10) determine the wage rate of
factors WF), where the ratio of factor payments to fadtstom activitya (WFDIST) are

included to allow for nofhomogenous factors, and is derived directly from the first order
condition for profit maximisation as equalities between the wage rates for each factor in each

activity and the values of the marginal products of those fatarach activity® Again the

28 The formulation in top line of (X10) implies that both the activity outp@)(and factor demands are
solved simultaneously through the profit maximisation process. However, the formulation in the second
line is more flexible sincdnter alia, it allows the possibility of production rationing, i.&.activity
outputs QX) were fixed, but there was still cost minimisation. Thanks are due to Sherman Robinson for
the explanation as to the theoretic and practical distinction betiveeaiternativebut mathematically
equivalent, formulations.
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efficiency/shift factor is defined as a variable with an adjustment mechanism (X8), where
advab is the base valuedabadva is an absolute change in the base vaNiB/AADJ is an
equiproportionate (multiplicative) adjustment fact@ADVA is an additive adjustment factor

andadvaOl is a vector of zeros and non zeros used to scale the additive adjustment factor.

Production Block Equations: Second Level

ADVA, = gadvab, +labadva,)* ADVAADJ] g(DADVA*advall,)

(X8)
& . o
QUA =ADS*é  j d?,* ADED, FFD, U s
8ff$gﬂap_va_fﬁ,af anddit, @ H (X9)
WFA,  *(L+TF, )
A4 O
va e . a -r R - (”;a 'l)
=PVA *AD"* é § df X ADFDp* FD;: u ¥ ¥* FD;,
it s, g
. -1
e . w 9
=PVA*QVA*AD™ é a dify ADFD, > FDys U
it s, ¥
afaoRDgr, Ol pandmap va_tr,,
(X10)
QINTD, , =ioqtdqd,, *QINT, ‘cfan, , (X11)
QINTD,,= ». & / FD,, "cfa, ,
fc$mapy. cfl fc, ¢ . (XlZ)

The nonfactor commodity (intermediate) deman@dNTD) are defined as the product
of the fixed (Leontief) input coefficients of demand for commodigy, i.e,, those
commodities NOT included in the factaggregation systenby activitya (ioqtdqd),
multiplied by the quantity of activity intermediate inp@IKNT) (X11). The demand for factor
commoditiescfa, is taken directly fromthe f act or (FB. adermites in théactor
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aggregation systelfX12). This ensure the demand for all commoditiegroductionis
recordedn QINTD.

Below the second level of the production system there can be many teeedstual
number being defined by the setup chosen by the user when configuring the mapping sets
(map_va_ff andmap_fagg_ff) used to control the systell these additional levels are
implemented in a single primal function and its associateddidsr conditionsThe primal
production functions (X13) define the quantities of factaggregate and indoal,
combined to generate the aggregate factor/arguthanénters into either the value added

aggregate (X9) aany lower level aggregate, i.e., member.of théaggt For each level there

areefficiency factors ADFAG#.a), factor sharesc(f‘;d’,,a) calibrated fromithe data and

elasticities of substitution, from which the substitution parameters are deri\zfgd,(are

exogenously imposed. The matching first order conditions\(X14) define the wage rate for a
specific factor used by a specific activitilese ratios of payments to factbirom activity a

are included to allow for nehomogenous factors where the differentiation is defined solely

in terms of the activity that employs the factors,However the actual returns to a factor must be
adjusted to allow for taxes on factor u3€k), although eare.must be taken to ensure that

factor use tax rates aredalways zero for aggregate factors

The composite supplies of each commodiXC) are aggregates of the commodity
outputs by each activityQXAC). The default.assumptiaa that when a commodity is
produced’by multiple activities it,is differentiated by reference to the activity that produces the
commaodity; this is achieved by defining total production of a commodity as a CES aggregate
of the quantities produced by eadhiaty (X15). This provides a practical/modelling solution
for two typical situations; first, where there are qualityed#nces between two commodities
that are notionally the same, e.g., modern digital vv disposable cameras, and second, where
the mix of commodities within an aggregate differ between activities, e.g., a cereal grain
aggregate made up of wheat and maizenjcewhere different activities produce wheat and

maize in different ratiosThis assumption of imperfect substitution is implemented by a CES

aggregator function witladxc, as the shift parametea] as the share parameter anf as

the elasticity parameter.

The matching first order condition for the optimal combination of commodity outputs is

therefore given by (X16), wheRXAC are the prices of each commodity produced by each
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activity. Note how, as with the case of the value added production function two formulations
are given for the firsbrder conditions and the second version is the default version used in
the model. Further note that the efficiency/shift factor is indage declared as a parameter,
this reflects the expectation that there will be no endogenously determined changes in these

shift factors.

Production Block Equations: Third and Beyond Levels

ADFAG, , = (adfagb,, abfag,,) (ADFAGFADJ¢* ADFAGaADJ, )

(X12)
é ,fd %/rfffda :
FD, , = ADFAG, ,*& 5 di,.* (FDy.) " O
C p$gdfffdvffpva andmap _fagg f g 9
) a fip map_ fagg - ffff,ffp,a (X13)
FD.FX,, =0.0 /SAM,, ,
. (X13b)
FD.FX, , =0.0 /FDO
WFA,, , * (1 +TFﬁpia)
=WFA, ,* (I #F¢ , )* FDj
\ (-2
9 - W . u B . (-ri8, )
Q a. dff,ffpp,a Ffopp,a Y lil ﬁ,ffp,a Ffop,a
gﬁpp$gdfffdyﬁppva andmap _fagy _ff @ H
" dfffd ffpp,a? map — fagg —_ ffff ffp.a
(X14)

However, there are circumstances where perfect substitution may be a more appropriate
assumption given the characteristics of either or both activity and commodity accounts. Thus,
an alternative specification for commaodity aggregation is proved where cditigao
produced by different activities are modeled as perfect substitutes, (X17), and the matching

price condition therefore requires tiAC is equal tdPXC for relevant commodity activity
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the setxac, with the membership aikacn being the complement okac.

Production Block Equations: Commodity Outputs

Xc

e . g
QXC, =adxc,*ég d,.* QXAC,; U "tx, and cxac,
2 BAn ¢ (X15)
_é1+r§° o
€ e B ()
PXAC,, =PXC_ *adxc* €q d* QXAC, U4 *\ # QXAC;,
Grscl; ¥
a1+r) ©
é .. L Srcxc 8 (_ rxe 4_)
=PXC,*QXC.* éQq d..* QXAC, b */ & OXAC,. ®
Busal o
" df, andcxac, (X16)
PXAC.FX, . =0.0 /SAM,, (X16b)
QXC, = § QXAC, "tx, andcxacn,
a (X17)
PXAG; . =PXC; "ay, andcxacn,” (X18)
QXAC, . = IOQXACQX, . * QX "iogxacgx, . AND acetn, (X19)
3 PXAC gl ¢
QXAC,, =QX, 3% e O
’ * I % 17y
gf(PXa gamma, * at; ) bt
" I0QXACQX, . and acet, (X20)
QXAC.FX, . =0.0 'SAM, . (X20D)
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Finally, it is necessary to determine the quantities of each commodity produced by each
activity. There are two basic assumptions included in the model: first that secondary
commodities are produced with purepduct technologies, i.e., in a fixed ratmthe
principalproduct, and second that activities can adjust their output mix in response to changes
in the prices of the commodities they produce. The function f@rbgluct assumption is that
fixed shares of product$(JqQXACQX) are produced by eaelttivity according to its level of
total output QX); although the shares are defined as variable the user determines which rows
of the matrixlOQXACQX are fixed when configuring the model by defining membership of
the sefacet (X19). To implement the alternative assumptiongit is only necessary to specify the
first order condition for a CET function; this is reported.in equation (X20). However, it is also
now necessary to include a market clearing condition for, productions tt@ported in the
market céaring section below (see equation C2):

Emissions Block

The CO2 emissions associated with the use of energy commodities by each agent are recorded
for activities (EM1.1) and households (EM1(2O2EMIT). These are defined as the product

of the quantity of an energy. commodity consumed and the coefficients that define CO2
emissions per unit ofenergy commodity consumed. Note that in the model the quantities of

energy commoditi es citesthaicoeffidentaareecalibratea bsu e guan

emi ssion per uni tw.of val ue’ finpgsamlations.y , whi ch

Emissions Block Equations

CO2EMIT,, =QINTD,, *co2co,,  "coZ2co,,

(EM1.1)
CO2EMIT FX,, = 0.0 'co 20,, 0. (EM1.1b)
CO2EMIT,, =QCD,, *co2co, "co2co, , (EM1.2)
CO2EMIT FX,, =0.0 'co 20,, . (EM1.2b)
CO2EMIT _TOT = § COEMIT,, ,

ca_h (EM1.3)
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The total quantity of emissions by regi€@Q2EMIT_TOT,) are a summation of the
CO2 emissions by each agent (EM1.3).

Factor Block

There are two sources of income for factors. First there are pagtodattor accounts for

services supplied to activities, i.e., domestic value added, and.second there are payments to
domestic factors that are used overseas, the value of these'are assumed fixed in terms of the
foreign currency. Factor incomesH) are therefore defined as the.sum of all income to the

factors across all activities I

Factor Block Equations

YF, :gaWFAf J*FD,, of factwor, ¥ER)

(F1)
YFDISP, = (YF, »(t -deprec, ))* (L FYF, ) (F2)
YFINS, =YFDISP, (F3)
FSISH, ., , = FS"”% Fst g S (F4)
FSISH.FX, = 0.0 /FSISHO,, ; (F4b)
INSVA,, ; = FSISH,,,  * YFINS, (F5)
INSVAFX,, ; =0.0 /“INSVAQ,,,, (F5b)
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Before distributing factor incomes to the institutions that supply factor services
allowance is made for depreciation ratgepfec) and factor (income) taxe$YF) so that
factor income for distributionYEDISP) is defined (F2).

The endogenous determination of factor incomes requires the definition of variables that
control that distribution. The key assumption is that the shares of factor inEStSel)Y
distributed to institutionsiifsw) are defined by the shares of factor ownersh§)( which is
implemented in (F3). For coding convenience, the values of factor incomes distributed to each
institution INSVA) are calculated explicitly (F4); threduces the‘code.needed later although

it increases the number of variables in the model.

Household Block

Household Income

Households receive inote from a variety of sources (lH&actor incomes are distributed to
household$n proportionto their ownership of factodNSVA.), plus inter household
transfers HOHO), distributed payments/dividends from incarporated enterpii$@ENT)

and real transfers from governmemdovceonst) that are adjustable using a scaling factor
(HGADJ) and transfers framithe rest of the. wotidwor) converted into domestic currency

units.

Household Expenditure

Inter household transfe(HOHQO) are definedH?2) as a fixed proportisof household
income {{H) after payment oflirect taxes and savings, and thew$ehold consumption
expenditure IEXP) is defined as househaldcomeatfter tax income less savings and
transfers to other households3)H

Households are then assumed to maximise utility subject to-&teary aka LES)
utility functions. In a Ston&eary utility function household consumption demand consists of
t wo components,; ‘qaristsi amenceéei sdeembindngry’ de
equation must therefore capture both elemé&ubsistence demarsldefined as theolume
of subsistence dematidhestheprices and theniscretionary demand is then defined as the
marginal budget sharesefa) s pent on each commodity out of
household consumption expenditure | ess total

user wants to assume Ceblouglas utility functions, for one or more househopttls can be
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achieved by setting the Frisch parameters equal to minus one and all the income elasticities of
demand equal to one (the model code includes documentation of the calibration steps). This is
typically only the case for relatively rich households where gezation of the utility

function will not reduce demand below a level consistent with subsistence demand.

Household Income and Expenditure Block Equations

a.. 0 3
YH, =a8 INSVA ; &+ &-IOHOh,hp
Cf + g

+95 HOENT,, gfhogovconst, * HGADI* CPI)
(; -

e

1- O: Ot

+(howor, * ER) (H1)

HOHO, ,,, =hohosty ., * (YH,* L TYH, )} (.  SHH,) (H2)

HOHO,,, =0.0 /SAM, (H2b)

HEXP, =YH, -HHSAV, Za HOHO,, ). (H3)
Chp

The second levelof the utility:functions is defined with CES preferences. The quantities
of the aggregated commadity groups that are demanded by each houQ&Halg () are
defined in the top level (LES) utility function and therefore only the first order conditions are
required to determine the optimum combinations of natural commodities. This is presented as
astandard FOC for a CES function which has been calibrated for shift, share and elasticity
parameters based on the initial data and the, exogenous imposed, substitution elasticities that

are aggregate commodity and household specific.

Household Utility Function Block Equations
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a iPQCDcc * gedeonst,, , ) + § beta,, , 0
x ' h ' (0]
& e 0
&h 2 * aéfIEXP a (PQcD,,,* gedconst,,, , ) 98 (Ha)
QCDcc h = Q 9 :
’ PQCD,,
" cles,, AND beta_ ,
QCD.FX,, =0.0 /‘beta,, , (H4b)
4(PD, > (L+TV,.))dlfed ) 327( =
QCcha .cc,h = QCDca h oo A
’ . ‘;\E (PQCDcag h * dc‘:::g cc h) 8 (HS)
" dcczgg ce,h
QCD2 Fxcc cep,h T =0.0 / ¢c,cep,h (H5b)
QCDcc,h = a. QCchcp,c,h Ilccescc AND a. dcccdp ch
ccp$map _ccag _CCepc ccp $map _ccag CCep e
(H6)

Enterprise Block

Enterprise Income

Similarly, income teenterprisesgN1) comes from the share of distributed factor incomes
accruing to enterprise$NSVAe ) and real transfers from governmegntgovconst) that are
adjustable using a scaling fact&QADJ) and the rest of the worldr{twor) converted in th

domestic currency units.

Enterprise Expenditure

The consumption of commodities by enterpris@SD) is defined (EN2) in terms of fixed
volumes @edconst), which can be varied via the volume adjus@EDADJ), and associated

with any given volume oénterprise final demand there is a level of expendiWiE®Y]; this is
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defined by (EM) and creates an option for the macroeconomic closure conditions that

distribute absorption across domestic institutions (see below).

If QEDADJ is made flexible, thegedconst ensures that the quantities of commodities
demanded are varied in fixed proportions; clearly this specification of demand is not a
consequence of a defined set of behavioural relationships, as was the case for households,
which reflects the difficultiesnherent to defining utility functions for ndmusehold
institutions. IfFVED is fixed then the volume of consumption by enterpri€E)) must be
allowed to vary, via the variab@ENTDADJ.

Enterprise Block Equations

a.. d
YE, =af INSVA,, a{entgovconst, * EGADJ* CPI )
Q f -

+(entwor, * ER) (EN1)

QED, . =gedconst, ,* QEDADJ (EN2)
HOENT, , =hoentsh, . * (YE,) {TYE,* YE;) ENTSAV, VED, worent,) (EN3)

GOVENTy =goventshe*((YEe {TYE*YE,) ENTSAV, VED, Worente)) (EN4)

WORENT, =worentshy* ((YE, | {TYE,* YE,) ENTSAV, VED,)) (EN5)

VED, =53 QED, , * PQD,
Co . (EN6)

The incomes to households from enterprises, which are assumed to consist primarily of
distributed profits/dividends, are definbg (EN3),wherehoentsh are defined as fixed shares
of enterprise income after payments of direct/income taxes, savings and consumption
expenditureThe income to government from enterprises, which is assumed to consist

primarily of distributed profits/dividends on governmemined enterprises, is defined by
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(EN4),wheregoventsh is defined as a fixed share of enterprise income after payments of
direct/income taxes, savings and consumption expenditbesincome to the rest of the

world from enterprisedyased on ownership of enterprises by the rest of the wedefined

by (EN5), whereworentsh is defined as a fixed share of enterprise income after payments of

direct/income taxes, savings and consumption expenditure.

Government Block

Tax Rates

All tax rates are variables in this model. The tax ratesin the base, solution are defined as
parameters, e.gmb. are the import duties by commodityn the base solution, and the
eqguations then allow for varying the tax rates in 4 different ways. For each tax instrument
there are four methods that allow adjustments to the taxrrates; two of the methods use
variables that can be solved for optimum values in the model according to the choice of
closure rule and two methods allow forndeterministic adjustsierthe structure of the tax
rates.The operation of this method is discussed.in detail only for the equations for import

duties while the other equations are simply reported.

Import duty taxarates are defined by (GTwheretmbc is the vector of import duties in
the base solutionlabtme Is a vector of absolute elhanges in the vector of import duties,
TMADJ is a variable whose initial valuelissONETM is a variable whose initial value is
ZERO andm01. is a veetor of zemandnonzeros.In the base solution the valuestoD1
anddabtm are all ZERO andMADJ andDTM are fixed as their initial valuesa closure
rule decisiorthen the applied import duties are those from the base solution. Now the
different methods, of adjustment can be considered in turn

1. If TMADJ isfmade a variable, which requires the fixing of another variable, and
all other initial conditions hold then the solution valueTdtADJ yields the
optimum equiproportionate change in the import duty rates necessary to satisfy
model constraints, e.g., TMADJ equals 1.1 then all import duties are increased
by 10%.

2. If any element ofiabtm is non zero andll the othernitial conditions hold, then
anabsolute change in the initial import duty for the relevant commaditybe
imposed usinglabtm, e.g., iftmb for one element af is 0.1 (a 10% import duty)
anddabtm for that element is 0.05, then the applied import duty is 0.15 (15%).
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3. If TMADJ is a variable, any elementsdibtm are non zero and all other initial
conditions hold then the solution value TAMADJ yields the optimum
equiproportionate change in the applied import duty rates.

4. If DTM is made a variable, which requires the fixing of another variable, AND at
least one element 01 isNOT equal toZEROthen the subset of elements of
c identified bytmO1 are allowed to (additively) increase by an equiproportionate
amountdetermined by the solution value ©DTM times thevalues oftmO1.
Note how in this case st I s necessary t
parameter for a solution to emerge.

This combination of alternative adjustment methods caveaage of commotax rate

adjustment used in mampplied applications while being flexible and.easy to use.

Export tax rates are defined by (GT2), whiene. is the vector of expartiduties in the
base solutiongabtec is a vector of absolute changesiin the vector of export dlitdd)J is a
variable whose initial value is ONB]TE is a variable whose initial value is ZERO apdlc
is a vector of zeros and non zerAd.valorem sales tax rates are defined by (GEBd (GT4)
wheretmsc tmss; is the vector of sales tax rates in.the base solutadrts./dabts is a vector
of absolute changes in the vector of sales tab@DJ/TSSADJ is a variable whose initia
value is ONEDTS/DTSS is a variable whose initial value is ZERO asitl/ tssO1¢ is a
vector of zeros and non zer@&xcise tax ratedevied on quantities not valuese defired by
(GT5), wheretexbc is the vector of excise tax rates in the base solufabiex. is a vector of
absolute changes in'the vectoreatise taxeSTEXADJ is a variable whose initial value is
ONE,DTEX is a variable whose'initialwvalue is ZERO amxD1. is a vector of zeros and non
zeros And value added taxe3Y) are defined irequation G®, wheretvb. is the vector of
VAT rates in‘the base soluticgbtv. is a vector of absolute changes in the vectorAT
rates TVADJ is a variableiwhose initial value is ONETV is a variable whose initial value is

ZERO andv01. is a vector of zeros and non zeros

Indirect tax rates on production are defined by Tz Wheretxb. is the vector of
production taxes in the base solutidabtx. is a vector of absolute changes in the vector of
production taxesI XADJ is a variable whose initial value is ONETJ X is a variable whose
initial value is ZERO antkO1 is a vector of zeros and non zeros. Taxes on factor use by each
factor and activity are defined by (8) wheretfbsa is the matrix of factor use tax rates in the

base solutiongabtfsa is a matrix of absolutehanges in the matrix of factor use taxgsADJ
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is a variable whose initial value is ONBTFM is a variable whose initial value is ZERO and

tfOlsa is a matrix of zeros and non zeros.

Tax Rate Block Equations

TM, =((tmb, -dabtm )*TMADJ) (DTM*tn01,) crh

e (GT1)
TE, =((teb, -dabte,)*TEADJ) (DTE* te1,) ce! (GT2)
TS, =((tsb, -dabts,)*TSADJ) (BTS*t01,) cd, ORcm, (GT3)
TSS, =((tssh, labtss,)* TSSADJ) (DTSS* ts01,) cd. OR cmy (GT4)
TEX, =((texb, -dabtex,)* TEXADJ) (DTEX* te01,) cd;, OR cm, (GTS)
TV, =((tvb, -€abtv,)*TVADJ) (BTV*toi,) cd, OR’cm, (GT6)
TX, =((txb, -dabtg)*TXADJ) (BTX*¥t01,) (GT7)
TF, . =((tfb, , -gabif,,)¥TFADI) (OTE*tf01, ) -
TF.FX,, =TF 04, ValP (GT8b)
TYF, =((tyfb, -dabtyf,)*TYFADJ) (BTYF~tyfo1,) GTo)
TYH, =((tyhb, |*abtyh, )*TYHADJ) (DTYH* tyt01, ) (GT10)
TYE, =((tyeb, -gabtye,)*TYEADJ) (BTYE* tye1l,) (GT11)
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Factor income tax ratésare defined ¥ (GT9), wheretyfbr is the vector ofactor
income taxed the base solutiomiabtyyr is a vector of absolute changes in the vector of
factor income taxeFYFADJ is a variable whose initial value is ONEBJYF is a variable
whose initial value is ZERO arigfO1; is a vector of zeros and non zerdsusehold income
tax rates are defined/GT10), wheretyhby is the vector of household income tax ratethe
base solutiongabtyhn is a vector of abdote changes in the vector of income tax rates
TYFADJ is a variable whose initial value is ONBTYF is a variable whose initial value is
ZERO andyhOX1; is a vector of zeros and non zerAsd finally,€nterprise income tax rates
are defined v (GT11), wheretyebe is the vector oenterprise income tax ratestire base
solution,dabtyee is a vector of absolute changes in theoime tax rateSYEADJ is a variable
whose initial value is ONEDTYE is a variable whase initial value is ZERO apeD1L is a

vector of zeros and non zeros.
Tax Revenues

Although it is not necessary to keep the taxirevenue equations.Separate from other equations,
e.g., they can be embedded into the equation for government ingGinét does aid clarity

and assist with implementing.fiscal policy 'simulations. For this model thessgitdax

revenue equations. Theatterns of taxates arecontrolled by the tax rate variable equations.

Il n al l cases the tax rates can be negative

There arssix taxiinstruments that are dependent upon expenditure on commodities, with
each expressed as ahvalorem tax rate. Tariff revenueMTAX) is defined (GR)Las the sum
of the product of tariff ratesiM) and the value of expenditura onports at world prices, the
revenue from export dutieETAX) is defined (GR2) as the sum of the product of export duty
rates TE) and the value of expenditure on exports at world priceswinad valorensale tax
revenuesTAX andSSTAX) are defined (GRand GR4 as the sum of the product of sales
tax rates TS andTSS) and the value of domestic expenditure on coutitres. Theexcise tax
revenuesEXTAX) are defined (GRBas the sum of the product of excise tax ral&x} and
thevolumeof domestic expenditure on commoditiésid then here isavalue added tax
(GR6) where as opposed to other taxes and commodities demanded domestically the tax is

only paid on final demand by households.

2 These are defined as taxes on factor incomes that are independent of the activity that employs the factor.
They could include social security type payments.
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Government Tax Revenue Block Equations

MTAX = § (TM,* PWM_* ER* QM)

(GRY)
ETAX = § (TE, * PWE,* ER* QE,)
c : (GR2
STAX = 4 (TS, * PQS,* QQ, )
c : (GR3
SSTAX = 3 (TSS, * PQS,* QQ,)
: : (GR4)
EXTAX = § (TEX.*QQ,)
c : (GR5)
VTAX =8 &(TV,* PQD,* QCD, ) (GR6)
h ¢
ITAX = § (TX, 2PX,*QX, )
a : (GR7)
FTAX = &.(TF, , *WR*WFDIST, jFD7 )
fa (GR8)
FYTAX = & (TYF, %(YF,* L deprec, )))
f : (GR9)
DTAX = § (TYH,#YH,) +&(TYE,* YE)
h e (GR9)

There is aingle tax on productiod TAX). As with other taxes this is defined (GR7) as
the sum of the product of indirect tax rat€X)(and the value of output by each activity
evaluated in terms of the activity pricé{]. In addition,activities can pay taxes based on the
value of employed factorsfactor use taxes (FTAX)GR8). The revenue from these taxes is

defined sum of the product of factor income tax rates and the value of the factor services
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employed by each activity for each factor; the sum is over both activities and factors. These
two taxes are the instruments most likely to yield negative revenues through the existence of

production and/or factor use subsidies.

Income taxes are collected on both factors and domestic institufio@scometax on
factors FYTAX) is defined (GRPas theproduct of factor tax rate§YF) and factor incomes
for all factorswhile those on ingutions (DTAX) are defined (GRJ@&s the sum of the
product of household income tax rat&€$Kl) and household incomes pline product of the
direct tax rate for enterpriseBY[E) and enterprise income,

Government Income

The sources of ineoe to the government account,(Gite moere complethan forother
institutions Income accrues fromt@x instruments; tariff sfevenueBITAX), export duties
(ETAX), value added taxes (VTAX),«(generaBles taxeSSTAX andSSTAX), excise taxes
(EXTAX), production taxeslITAX), factor useitaxed-TAX), factorinecometaxes FYTAX) and
directincometaxes DTAX), which are defined in the.tax equation blatlove In addition
the government can receive.incofrem its ownership of factoldNSVA), distributed
payments/dividends{rom incorporated enterpribas are owned by the government
(GOVENT) and transfers,from abroagof/wor) converted in th domestic currency unit.
would be relatively easy to subsume thestax'tevenue equations into the equation for
government income, but they are kept separate to facilitate the implementation of fiscal policy
experiments. Ultimately howeverthe choice is a matter of personalemeger

Government Expenditure Block

The demand for commadities by the government for consum@@eDY] is defined (G2) in
terms of fixed propartiongygdconst)*° that can be varied with a scaling adjus@GDADJ),

and associated with any given volume of government final demand there is a level/value of
expenditure\{GD) defined by (G3); this creates an option for the macroeconomic closure

conditions that distribute absorption across domestic institutions (see below).

Government Income and Expenditure Block Equations

30 Alternative utility functions could be specified, e.g., Cabbuglas, CES, etc., but there is no substantive
body of economic theory upon which such utility functions can be based. Hence the presumption of
Leontief/fixed coefficient preference is a pragmaif simplistic, specification
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YG =MTAX 4ETAX STAX SSTAX EXFAX VTAK
+FTAX HATAX FRYTAX DFAX : (G1)
+& INSVA, ;, +8GOVENT, (govwor* ER)

f e

QGD, =qgdconst, * QGDADJ

(G2
VGD = 55 QGD, * PQD,
Ge . (G3)
&, 5, 2
EG =51 QGD,*PQD, gt &ogovconsth* HGADJ* CPI
G T G
a.. 0
+24 entgovconst, * EGADJ* CPI" §
Ce = (G4

As with enterprises there are difficultiesdnherent to'defining utility functions for a
government. ChanginQGDADJ, either exogenously or‘endogenously, by allowing it to be a
variable in the closure eonditions, provides a means of changing the behavioural assumption
with respecthyd o thhe #volume® of commodity de
government final'd@and {GD) is fixed then government expenditure is fixed and hence the
volume of consumption by governme@GD) must be allowed to vary, viae QGDADJ
variable. If it.is deemed appropriate to modify the patterns of commodity demand by the

government then the componentgjgliconst must be changed.

Hence, total government expendituEss] can be defined (Q4s equal to the sum of
expenditure by government on consumption demand at current prices, plus real transfers to
householdshpgovconst) that can be adjusted usingnaultiplicative) scaling factor HGADJ)
and real transfers to enterprisestgovconst) that can also be adjusted bynaultiplicative)
scaling factor EGADJ).
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Savings and Investment Block

Savings

The savings rates for househol8kif in 11) and enterpriseSEN in 13) are defined as

variables using the same adjustment mechanisms used for tashiabesndsenb. are the

savings rates in the base solutidahshh, anddabsene are absolute changes in the base rates,
SHADJ andSEADJ are multiplicative adjustment factoi3SHH andDSEN are additive

adjustment factors arstthO1, andsenOle are vectors of zeros‘and non zeros that scale the
additive adjustment factors. However, unlike the tax rate equations, each of the savings rates
eqguations has two additional adjustmiattors— SADJd andDS. These serve to allow the user

to vary the savings rates for households and enterprises in tandem; this is useful when the
macroeconomic closure conditions require increases in savings by domestic institutions and it
is not deemed appropriate to forceth#t adjustment on a singlestitution or groupf

institutions®!

Savings by HouseholdsIHSAV) and Enterprise(ENTSAY) aredefined in (I3 and4)
respectively as savings after.paymehincome’taxe¢TYH andTYE), i.e., income taxes have
first call on household and enterprise incoim@al savingsn the economy are definedbjlas
the sum ohouseholdand enterprise savingglus the allowances for depreciation at fixed
rates (leprec) out.of factorincomand thegovernment budget deficit/surplusAPGOV).
Finally,thec ur r'e n.t a ¢ CAPWOR) cohtribetds o savihgs in {he econariipe
last two terms of — KARGOV andCAPWOR — are defined below by equati®m the market
clearing block.

Savings Block Equations

SHH, =((shhb, abshh, )* SHADJ* SADJ) (BSHH* DS* shb1,) (1)

HHSAV, =(YH, * (L TYH,))* SHH, (12)

st A similar mechanism can be easily imposed for tax rates when the user wishes to cause two or more tax
instruments to move in tandem.
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SEN, =((senb, -labsen,)* SEADJ* SADJ) (DSEN* DS se1 )

(13)
ENTSAV, =(YE, *(L -TYE,))* SEN, (14)
DPREC, =& (YF, *deprec, ) (15)
f
TOTSAV =& DPREC, +ZHHSAV, +ZNTSAV,
f h e (|6)

+KAPGOV {CAPWOR* ER)

Investment

Thepresence of multiple types of capitahgoods implies the existence of different patterns of
investment expenditures each corresponding torene type of capitavguoae the san(i)

defines the investment patterns and each.memhes ahiquely paired with a member of the
setk (capital factors$2dn essence, this implies that each capital good has a unique cost of
production & f /0 rproduction functioh) defined,by the quantities of each commodity
required to produce a given quantity.of tdapital good. If the functiaal form for the

‘production functionsareassumed to be Leontief it is possible to derive kquiput

coefficients that define the quantities.of each input/commodity required to produce a unit of
each capital goodqginvdcj).23 Thep the demand for each commaodity used to produce
investment goodsQINVD.,) as the product of the quantity/volume of each capital good
(QINVi) and the respective coefficier{isginvd.,); these relationships are defined inaldd

5.

Investment Block Equations

QINVD,, = (QINV, *ioginvd, (16)

32 Note thati can be a single member set so the same code can be used where there is only a single
investment account.

33 Alternative production functions can be easily specified, e.g., @mhiglas, CES, etc., although
information about the ease of substituting inputs in the production of capital goods is limited. Hence the
presumption of Leontief technologies as a pragen#tsimplistic, specification.
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QINVD.FX_, =0.0 /Mioginvd, (16b)
QINVD'FXC,"dstoc" = QINVDOC,"dstoc" .
QINV, =qinvb * IADJ 'in, . (17)
g PQD, *QINVD,,
INVSH I, = ¢ 4 POD,* QINVD,, in, . (18)
INVEST =& PQD,*( &, QINVD,,, -stocconst,)
e (19)

The demand for commaodities for investment,purposes therefore depends on the
‘technologiesand the volumes of capital goods required. However, comparative static and
recursive dynamic CGE models do net.have endogenously detdimiestment functions
thatserve to define the quantities of capital geods produced. A'simple, and very commonly
used, dichotomy it assume that the demand for capital goods is determined by either the
amount of available investable fundso-called savings driven assumptioar exogenously
—so-calledinvestment driven dkeynesian assumption. Assume, for purposes of exposition
only, that & investment driveassumption of exogenous determination is appropriate, i.e.,
QINV; is fixed@xogenously.

To implement the investment drivassumptionthe parameterginvb; are fixed at the
exogenously, determined levessd‘the scaling variabldDJ is fixed equal to one (I5); and
hence the demand for each commaodity for investment purposes are determined from 14. Given
the demand for each. commodity and the prices for each commBQiB) the value of
investment expenditures to produce each capital gadYYEST*INVSH_I;) is the product of
prices and quantities (16). The total value of all investmditgEST) is then defined as the
summation of the expenditures on each capital good (17), and market clearing for investable
funds is ensure by the equality of total saving3TSAV) and investment (see Celow).

If a savings driven assumption is adopted, then the vallNMV&EST is determined by
total savingsTOTSAV) and the parametegsnvb; determinethe ratio of capital goods

producedwith the scaling variableADJ providing (multiplicative) equiproportionate changes
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in the volumes of each capital goddhe scaling variableADJ adjusts the volumes of capital
goods produced so that the expenditures on each capital IifMEBT*INVSH_Ii ) exhaust
the available investable funddNiVEST); thus in such a setting 17 operates as a market

clearing equation.

The members of the seinclude the agent that gathers together investable funds from
savings by domestiisc) aand fdiret ginbagesnttshdse f
i nvest ment activities. One sdsodh )i ntdsutsmeniock

changes can be included within this formulation.

In a comparative statimontext,the specification of different patterns of investment
expenditures is relevaiftand only if the analyst has infermation that indicates that the
average pattern of investment expenditures will'changéodte simulationli the relative
volumes of investment in capital goodsnsariant,thenthe system operates as if there is a
single investment account, i.e., the systierfactoc ol ' apses back to the ‘'
in the STAGE family of models.

Foreign Institutions Block

The economy also employs fareign owned factors whose services must be recompensed. It is
assumed that these services receive proportions of the factor sewaible for
distribution, (\W.1).

Foreign, Institutions Block Equations

YFWOR,; =&NSVA,
w . (W1)

Market Clearing Block

The market clearing equations ensure the simultaneous clearing of all markets. In this model
there are six relevant markets: factor and commodity markets and enterprise, government,

capital and rest of world accounts. Market clearing with respect totedifiaseffectively
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been achieved by (26), wherein the supply and demand for domestically produced
commodities was enforced, whilee demand system and the specification of expenditure

relationships ensures that the household markets are cleared.

The description immediately below refersAalefault set of closure rules/market
clearing conditions for this modehis choice of default should NOT be interpreted as
defining THE appropriate settings when using the mode® model user needs to take
responsibility for the clearing conditiors:subsequent section explores alternative closure
rules//market clearingonfigurations available with this model,

Factor Market Clearing

Adopting an initial assumption of full employment, which the model clogues will
demonstrate can be relaxed, amounts to requiring that the factor market is,eleared by equating
factor demand@-D) and factor supplieBy institutions(ESl)for all factors(C1)

Factor Market. Clearing Block Equations

é. I:Slinsw,f = é.FDf,a " é.FDOf.a

insw

(C1)

There is however no reason.to suppose that the proportionate changes in the amount of
labour time devoted to leisure and Aersure activities will be identical across households.
Even if the elasticities controlling the operation of the RHGs utilitytions are the same
there are differences in the levels of household incomes and preferences, i.e., there will be
differences in the shift and share parameters of the utility funciiéns, the presence of a
labourleisure tradeoff means that the labodmttor supplies by institutior=61) will be
endogenously determined variables and hence the fuabtistribution of incomesan

change.

Importantly, the factors (labour) used by institutions to produce leisure can only be
supplied by the specific institution. Thus, the factor quantities supplied by each instidution
produceeisure ESIL) must be defined so as to be activity, and its paired RHG, and factor

specific This is defined in equation C2 where the mappmag (hh_alei) pairs leisure
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activities @lei) with RHGs fh). Then the market clearing condition for the factor supplies by
institution ESI1) and the demand for factors by Alemsure activitiesgD) and leisure

activities ESIL) are determined as residuals.

Factor Mobility Equations

WF .
WFMOB, , =——  'fmob, , and§ _FDQ,. (C2)
WFfp
FSIM _F gfs' d o2 WEMOB, g g-fs' d
=éfsi_upd. . *z ' ; i_upd,
— " f,fp,insa é — p insa, fp %\/FMOB_Updff g l\J — p insagfp (C3)
e ¢ P u
" map _ fmob _ fmob, ;.. andFSI; ., . andsSl, . o
I:SI()UTinsa,f = a FSIM _Ffp,f,insa
fp$ fmobiny (C4)

fp, f .insa

" fmobin, and§d »map _fmob fmob

FSIIN,, ; =48 FSIM_F

f,fp.insa
fp$ fmobin¢ (C5)
" fmobiny‘andq ", mapymfmob _fmob, . ...
|:Slinsa,f = fSi_updinsa,f _FSIOUTinsa,f I-T-S”Ninsa,f
n ~ (C6)
A . MAP _ fmob _ fmoby, ¢ iy

The factor mobility options provide further possibilities for changes in the factor
supplies by institution. These options allow the model user to relax the restrictive assumption
that labour types are rigidly segmented such that some labour owned Isyitation can
transition into an alternative labour category in response to changes in relative wage rates.
This system ensures that the quantities of labour in natural units, e.g., person hours, owned by

each institution are constangteris paribus,®* but the mix can adjust.

34 In model variants that allow the size of thevor kf orce’, i .e., those empl oyec

activities within the SNA production boundary, to vary, e.g., where there is a {kieune tradeoff or
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The incentives for institutions to transition some labour from one category to another
are assumed to be changes in the relative prices of different categories of labour (C2). The
pair-wise relative prices of labour types are expressed as the ratiosaoktlage wage rate in
the destinationf categories and theverage wage rate in the sourfg ¢ategories with the
responsiveness of labour to transition being (exogenously) defined by the elestitzynsa.

If the elasticity is zero then labour cannot transition and thezeomelements in the matrix of
elasticities define membership of the sap_fmob_fmobs p,insa, Which defines the destination

(f) and sourceff) categories by institutiorinsa). The quantities‘of labour that transition by
institutions (FSIM_F) is defined as the quantity of workers that transition relative to the
number of workers in the sourcép] category f6i_updinsaf) (€3). In comparative static
applicationdsi_updinsaf is equal to numbers owned by each institution‘inithe base period. In
recursive dynamic applications the numbersfowned by each institution are upgddjexdftér

each solution phase. This is implemented for each tranSition*path that is’identified as open, by
map_fmob_fmobx insa, and for each case where ownership of both source and destination is

non-zera

The quantities of labowexiting a sourceRSIOUTinsfrand thequantities entering a
destination ESIINinsf) are recordedC4 and Chand the factor supplies by institution
(FSlinsas) are accordingly updatee6).

Themaodelis.coded so that all factors agentially pairwise mobile whereasn
practiceqt would be ‘expected that this code is applied for lataiagoriesCare needs to be
taken inassigninghe pathways that are openg., a transition from unskilled agricultural
workerto senior managers outside of agriculture may not be deemed a reasonatirishort
assumptionMobility of factor between broad groups (labour, capital and land){&E
sensibleso careshouldbe takerto exclude such pathways.

Commodity Market Clearing

Market clearing for the composite commodity markets requires that the supplies of the
composite commodityqQ) are equal to total of domestic demands for composite
commodities, which consists of intermediate dem&ii{D), household@QCD andQCD2),
enterprise QED) and governmentyGD) and investmentJINVD) final demands (C3).

“surplus’ | abour, the quantities of | abour by inst

options.
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Note how the market clearing condition with respect to final demand by households has to be
formulated so as to avoid double counting by ensuring that no aggregate commaodities enter
into the definition (RHS) of domestic demand. Since the markets for doallgsproduced
commodities are also cleared (X16) this ensures a full clearing of all commodity markets.
Similarly, it is necessary to ensure clearing of the production of differentiated commodities by
activities when activities can adjust their output mixes in response to changes in relative

commodity prices; this is done in equatiorl®L

Commaodity Market Clearing Block Equations

QXAC, . = IOQXACQXV, . ®X, (C12)

QQ, =QTTD, 4§ QINTD,, +§QCD,, +QED,. /QGD,
. OINY h e (C13)
+a QINVD, . -stocconst,

in

Macroeconomic Closure Block

Making savings a residual for each account clears the two institutional accounts that are not
cleared elsewheregovernment and rest of the world. Thus the government account clears
(C14) by defining government saving€APGOV) as the difference between government

income and other expenditures, i.e., a residlta rest of world account clea(€15) by

defining the balance on tlwapital accountGAPWOR) as the difference between expenditure

on imports, of commodities and factor services, and total income from the rest of the world,
which includes exportrevenues and payments for factor services, transfers from the rest of the

world to the household, earprise and government accounts, i.e., it is a residual

Macroeconomic Closure Block Equations

KAPGOV =YG -EG (C14
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6. 6a ,.YFWOR, 0o
% PWMcm*QMcm 6%a— ou
AC cm ~C f ER ]
CAPWOR =§ & d
e"‘gé':l WORENT, 8 i
é¢c °© ER hs ¥
. . (C15)
5a .. o)
Z;a PWE_ * QE,, %aeafactworf 3
) €C ce +(;: f =
€ » ~
2, A, 0 ..
e+ howor, g+ gentwor, govwor
8 Ch T e

Absorption Closure

The total value of domestic final demantFDOMD)is defined(C16) as the sum of the
expenditures on final demands by househalt$otherdomestic institutions (enterges,
government and investmenijote again,that the value of final demand must exclude the

demand for aggregate commaodities to aveid:double counting:

It is also useful to express the vawd final demand by each ndrousehold domestic
institution as a proportion of the total value'ef domestic final demand,; this allows the
i mpl ementati on of what has been *¢tlentethed a * ba
share of the value of final demand by:enterp{€45) can be defined as a proportion dfaio
final domesticdemané n d* si mi | arly for govern(@&ht' ' s val
and for invest ment s(C¥9hl ue share of final de

If the share variable/EDSH, VGDSH andINVESTSH) are fixed then the quantity
adjustment variables on the associated volumes of final demand by domesimusehold
institutions QEDADJ, QGDADJ andIADJ or S*ADJ) must be free to vary. On the other hand
if the volume adjusters are fixed the associated share variables must be free so as to allow the
value of final demand by ‘each’ institution

Absorption Closure Block Equations

35 The adoption of such a closure rule for this class of model has been advocated by Sherman Robinson and
is a feature, albeit implemented slightly differently, of the IFPRI standard model.

75



A Standard Computable General Equilibrium Model: Technical Documentation

VFD0|\/|D:?;‘E§1F’QCDC*QCDC,h %—é@QQ*QEap :
Gen T oG B
a.. 54 ..
+58 PQD,*QGD, gredPQD,* QINVD,
G T Ginc (C19
a.. o}
+48 PQD, *dstoccont, g
G e B
_VED%
VEDSH, = {EDOMD (C17)
-VGD
VGDSH =V e h b (C18)

_ INVEST
INVESTSH X/FDOMD_ (19

Slack
The final account to be cleared is the capital account. Total safiOFSAV), see 13 above,

is defined within the model and hence there has been an implicit presumption in the
description that the tetal value of investmdM\WEST) is driven by the volume of savings.
This is the market elring condition imposed by (€CRBut this market clearing condition
includes another termiyALRAS; which'is\a slack variable that returns a zero value when the
model is fully closed and all markets are cleared, andehénnclusion provides a quick

check on model specification.

SLACK Block Equations

TOTSAV = INVEST WALRAS _ (C20)

GDP

It is not necessary to include a variable in the model for GDEe GDP is a simple summary

vari abl e’ t hat can be cal culitastcaneenidnrino m t h e

some circumstances, e.g., while benchmarking a recursive dynamic model, to include GDP as
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a variable. In this model GDP is included as a variable that is calculated from the expenditure

side, i.e., domestic absorption (valued a purchaser pfigs} exports (valued at basic
prices) less imports (valued at basic pricéSP1). For the same reasongyrdestic absorption

(ABSORP) is dso included as wariable(C22).
GDP Block Equations

a.. 0 a a
GDP :ﬁ PQCDc *QCDc,h 0+ @QDC* QEDe,c O
(;c,h - e,c(; -
5a .. 0
+55 PQD,*QGD, ateAPQD,* QINVD, &
g c +g ic -
+2Q_ PQD, * dstocconst, 8
Ce -
a.. Ow. 2
+28 PWE,*QE* ER & 1@PWM* QM * ER
Ce = <C (C2)

&, I
ABSORP = 5§ PQEDF*QCD,, &+ 4RQD,* QED,,

Qc,h - e,c(;

& . oa .. *

Cc +Q ic

+%_ PQD, * dstoeconst,
Ge - (C22)

1-O: Q1

36 Again, note the need to avoid double counting that would occur if aggregate commodities were included.
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4. Model Closure Conditions or Rules

In mathematical programming terms the model closure conditions are, at their simplest, a
matter of ensuring that the numberseqtiations and variables are consistent. However
economic theoretic dimensions of model closure rules are more complex, and, as would be
expected in the context of an economic model, more important. The essence of model closure
rules is that they define inoptant and fundamental differences in perceptions of how an
economic system operates (see Sen, 1963; Pyatt, 1987; Kilkennyand Robinson, 1990). The
closure rules can be perceived as operating on two levels; an'a general level whereby the
closure rules reta to macroeconomic considerations, e.g., is investment expenditure
determined by the volume of savings or exogenausly, and on a specific level where the
closure rules are used to capture particular features of an economic systemye.g., the degree of
intersectoral capital mobility.

This model allows for a range ofiboth general and specific closure rules. The discussion
below provides details of the main options available with this formulation of the model by

reference to the accounts to which the rules refer.

Foreign Exchange Account Closure

The closure of the rest'of the world.account can be achieved by fixing either the exchange rate
variable AC1a) or the balance,on the current accoA@Xb). Fixing the exchange rate is
appropriate for countries\with a fixed exchange rate regime whilst fixing the current account
balance'is appropriate for countries that face restrictions on the value of the current account
balance, e.g., eountries follong structural adjustment programmkss a common practice

to fix a variableat its initial level bysing the associated parameter, i.e., ***0, but it is

possible to fix the variable to any appropriate value.

The model is formulated with the world prices for traded commodities declared as
variables, i.e. PWM. andPWE.. If a strong small country assumption is adopted, i.e., the
country is assumed to be a price taker on all world commodity maaketsherall world
prices will be fixed. When calibrating the model the world prices will be fixed at their initial
levels,(AC1c), but this does not mean they cannot be changed as parts of experiments.
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However, the model allows a relaxation of the strong small country assumption, such
that the country may face a downward sloping demand curve for one or more of its export
commodities. Hence the world prices of some commodities are determined by trationera
of demand and supply on the world market, i.e., they are variables. This is achieved by
limiting the range of world export prices that are fixed to those for which there are no export

demand function, (AC1d), by selecting membership of theedat

Foreign Exchange Market Closure Equations

ER = ﬁ (ACla)
CAPWOR =CAPWOR (AC1b)
PWE, = PWE,

PWM, = PWM, (ACL0)
PWEcedn = I:)WEcedn (ACld)

Capital Account Closure

To ensure that aggregate savingsiequal aggregate investment, the determinants of either
savings orinvstment must be fixed. There are multiple ways of achieving this result. For
instance this can kechieved by fixing either the saving rates for households or the volumes
of commodity investment: This involves fixing either the savings rates adjgate2a) or the
investment volume adjusteA C2c).Note that fixing the investment volume adjusi®&€Ceb)
means that the value of investment expenditure might change due to changes in the prices of
investment commoditie® (D). Note also thabnly one of the savings rate adjusters should
be fixed; ifSADJ is fixed the adjustment in such cases takes plawth equiproportionate
changes in the savings rates of househatdsenterprises, #HADJ is fixed the adjustment

in such cases takes place through equiproportionate changes in the savings rates of
households, and ¥EADJ is fixed the adjustment in such cases takes place through

equiproportionate changes in the savings rates of entergkitamatively savings rates can
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be adjusted through the additive adjustment factors (DS, DSHH, DSEN) with the same
relationships between the savings rates of different classes of institutions (AG#2b)that
there are other sources of savings. The magnitudes of these other savings sources can also be

changed through the closure rules (see below).

Capital Account Closure Equations

SADJ = SADJ
SHADJ = SHADJ
SEADJ = SEADJ (AC2a)

DS = DS

DSHH = DSHH
DSEN = DSEN (AC2b)
IADJ = IADJ (AC20)
INVEST = INVEST. (AC2d)
INVESTSH = INVESTSH (AC2¢)

Fixing savings, and thus deeming the economy to be sasiingsn, couldbe
considered a Ne€lassical approach. Closing the economy by fixing investroend be
construed as makirthpe model reflect the Keynesian investmeriven assumption for the

operation of an economy.

The model includes a variable for the value of investm®&\EST), which can also be
used to close the capital acco(ghC2d). If INVEST is fixed in an investment driven closure,
then the model will need to adjust the savings rates to maintain equilibrium between the value
of savings TOTSAV) and the fixed value of investment. This can only be achieved by changes
in the volumes of commodities demanded for investm@mi{D) or their pricesRQD). But

the pricesRQD) depend on much more than investmentceehe main adjustment must
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take place through the volumes of commodities demandediNVD, and therefore the

volume adjusterlADJ) must be variable, as must the savings rate adj\8&xJj.

Alternativelythe share of investment expenditure in the total value of donfiestic
demand can be fixed, (AC2@&yhich means that the total value of investment is fixed by
reference to the value of total final demand, but otherwise the adjustment mechanisms follow

the same processes as for fixiNYEST equal to some level.

Enterprise Account Closure

Fixing the volumes of commaiks demand by enterprises; (AC3addses the enterprise

account Note that this rule allows the value of commodity expenditures by the enterprise
account to vary, whicbeteris paribus means that the value of savings by.enterprises

(CAPENT) and thus total saving$QTSAV) vary. Ifithe value of this adjuster is,changed, but

left fixed, this imposes equiproportionate changes on the volumes of commodities demanded.

Enterprise Account Closure Equations

QEDADJ =QEDAD] (AC3a)
VED =VED (AC3b)
VEDSH =VEDSH (AC3c)
HEADJ= HEADJ (AC3d)

If QEDADJ is allowed to vary then another variable must be fixed; the most likely
alternative is the value of consumption expenditures by enterpvise§ (AC3b). This
would impose adjustments through equiproportionategésin the volumes of commodities
demaned and would feed through so that enterprise savi@g®ENT) reflecing directly
the changes in the income of enterprisés (Alternatively the share of enterprise
expenditure in the total value of domestic final demand can be {i&€dc), which means

that the total value of enterprise consumption expendiEP) is fixed by reference to the
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value of total final demand, but otherwise the adjustment mechanisms follow the same

processes as for fixingeD equal to some level.

Finally, the scaling factor for enterprise transfers to househblE8DJ) needs fixing
(AC3d).

Government Account Closure

The closure rules for the government account are slightly more tricky because they are

important components of tirrodel that are used to investigate'fiscal‘policy considerations.

The base specification uses the assumption that government savings are a residual; when the
determinants of government imeome and expend

free to ajust.

Thus in the base specification all the tax r@#@siables)re fixed by declaring thease
tax rates as parameters and then fixingh@multiplicative and additivéax rate scaling
factors (AC4a— ACA4r).

Tax Rate Adjustment Closure Equations

TMADJ =TMADJ (AC4a)
TEADJ = TEADJ (AC4b)
TSADJ, = TSADJ (AC4c)
TQSADJ =TQSADJ (AC4d)
TVADJ =TVADJ (AC4e)
TEXADJ = TEXADJ (AC4f)
TXADJ =TXADJ (AC4g)
TFADJ =TFADJ (AC4h)
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TYADJ =TYADJ (ACA4i)
TYEADJ =TYEADJ (AC4))
TYHADJ =TYHADJ (AC4K)
DTM =DTM (ACA4l)

DTE = DTE

(AC4m)

DTS = DTS (AC4n)
DTQS = DTQS (AC40)
DTV = DTV (AC4p)
DTEX = DTEX (AC4q)
DTX =DTX (AC4r)
DTF =DTF (AC49
(AC41)

(AC4u)

(AC4v)

(ACA4v)

ETAX =ETAX (AC4v)
STAX =STAX _ (AC4v)

QSTAX =QSTAX _

(AC4v)
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VTAX =VTAX (AC4v)
EXTAX = EXTAX . (AC4v)
FTAX =FTAX (ACAV)
ITAX = ITAX (AC4v)
FYTAX = FYTAX . (AC4v)
DTAX =DTAX (AC4V)

Consequently changes in tax revenue to the government are consequences of changes in
the other variables that entato the tax inecome equationsig&to GR8). The two other
sources of income to the government are controlled by parangterash andgovwor, and

therefore are not a source of concern for.modél clo¥ure:

Also note thatdbecause there are equations for the revenues by each tax instrument (GR1
to GR8) it is straightforward tadjust the tax rates to achieve a given volume of revenue from
each tax instrument; this type of arrangement is potentially useful in circumstances where is is
argued/believed that binding constraints upon the revenue possibilities from specific tax

instruments.

In the base specification government expenditure is controlled by fixing the volumes of
commodity demandl(GD) through the government demand adjusigsDADJ) in (AC4s).
Alternatively either the value of government consumption expendM@B) can be fixed,

(AC4t), or the share of government expenditure in the total value of domestic final demand
(VGDSH) can be fixed, (AC4u)The scaling factor on the values of transfers to households
and enterprises through the househbl@ADJ) and enterpriseEGADJ) adusters, (AC4v

and AC4w) also need to be fixed.

Government Expenditure Closure Equations

37 The values of income from ndax sources can of course vary because each component involves a
variable.
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QGDADJ =QGDADJ (AC4s)
VGD =VGD (AC4t)
VGDSH =VGDSH (AC4u)
HGADJ = HGADJ (AC4v)
EGADJ = EGADJ (ACAw)
CAPGOV = CAPGOV (AC4x)

This specification ensures that allithe parameters that the government can/does control
are fixed and consequently that the only determinants of government income and expenditure
that are free to vary are those that the gavernment doeg@cily control. Hence the

equilibrating conditionds that government savings, the internal balance, is not fixed.

If however the model requires ggmment savings to be fixed (AC4xthen either
governmentineome or expenditure mustbe free to adjust. Such a condition might reasonably
be expected in many circumstances, e.g., the government might define an acceptable level of

bortewing,or such a condition might be imposed externally.

In its simplest form this can be achieved by allowing one of the previously fixed
adjustersAC4a toAC4w)40 vary. Thus if the sales tax adjust€8ADJ) is made variable
then the sales tax rates will be varied equiproportionately so as to satisfy the internal balance
condition. More complex experiments might result from the imposition of multiple
conditions, e.g., a halving of import duty rates coupléd @ reduction in government deficit,
in which case the variabl@®ADJ andKAPGOV would also requireesetting. But these
conditions might create a model that is infeasible, e.g., due to insufficient flexibility through
the sales tax mechanism, or unrealistically high rates of sales taxes. In such circumstances it
may be necessary to allow adjustmentiitiple tax adjusters. One method then would be to

fix the tax adjusters to move in parallel with each other.
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However, if the adjustments only take place through the tax rate scaling factors the
relative tax rates will be fixed. To change relative tax rates it is necessary to change the
relevant tax parameters. Typically such changes would be implemented ingpgeyment
files rather than within the closure section of the model.

Numéraire

The model specification allows for a choice of two price normalisation equéfi@ta and
AC5b), the consumer price ind€&€Pl) and a producer price ind¢RPI). A numéraire is
needed to serve as a base since the model is homogenous of degree zero in prices and hence

only defines relative prices.

Numéraire Closure Equations

CPI =CPI (AC5a)

PPI =PPI (AC5b)

Factor Market Closure

The factorimarket closure rules are more difficult to implement than many of the other closure
rules..Hence the discussion belowpreceeds in three stages; the first stage sets up a basic
specification whereby all'factors are deemed perfectly mobile, toedetage introduces a

more general specification whereby factors can be made activity specific and allowance can
be made for unemployed factors, while the third stage introduces the idea that factor market
restrictions may arise from activity specificachcteristics, rather than the factor inspired

restrictions considered in the second stage.

Full Factor Mobility and Employment Closure

This factor market closure requires that the total su@8y) of and total demand for factors
(FD) equatq AC6a) The total supplies of each factor are determined exogenously and hence
defines the first set of factor market closure conditions. The demands forffagtactivity a

and the wage rates for factors are determined endogenously. But the model specification
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includes the assumption that the wage rates for factors are averages, by allowing for the

possibility that the payments to notionally identical factors might vary across activities

t hrough

t he

vari

abl

e

t hat

captas’es

These sect

proportions are assumed to be a consequence of the use made by activities of factors, rather
than of the factors themselves, and are therefore assumed A8h). Finally while it may

seem that factor prices must be limited to positive \&the actuabounds placed upohe

average factor prices, (AC6aje plus or minus infinity. This is a consequence of the use of
the PATH solver.

Basic Factor Market Closure Equations

A Fsl_ . =FS;

insw

insw, f

WFDIST, , =WFDIST

f.a

Min WF,
Max WF,

nfinity
Hnfinity

(AC6a)

(AC6b)

(AC6c)

Factor Immobility-and/er Unemployment Closures

Morefgeneral factor market closures'wherein factor immobility and/or factor unemployment

are assumed,can be achieved by determining which of the variables referring to factors are

treated as variables and which of the variables are treated as facwmesrhfiarket closure

rules are changed itiis important to be careful to preserve the equation and variable counts

when relaxing conditions, i.e., converting parameters into variables, and imposing conditions,

i.e., converting variables into parameters,le/preserving the economic logic of the model.

A convenient way to proceed is to define a block of conditions for each factor. For this

model this amounts to defining the following possible equaiid@®6d) wherefact indicates

the specific factor andctiv a specific actiity. This block of equations includes all the

variables that were declared for the model with reference to factors plus an extra equation for

WFDIST, i.e., WFDIST; ., =WFDIST ;.. , Wwhose role will be defined below. The choice
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of which equations are binding and which are not imposed will determine the factor market

closure conditions.

Factor Block Equations

FS

WEDIST,,
Min WF__. = infinity

fact

Max WF. = -4nfinity

fact

= FS fact
WEDIST

fact,a

fact

FDtcta = FDfaera
WF =WF,
WFDIST,,, ., =WFDIST,_, .,
Min FS,, = infinity
Max FS ., = -infinity

(AC6d)

As can be seen thefirst four equations in the blégkgd) are the same as those in the
“Full Faectwor Mobilithy and Employment Closure
operating for/each of the factors is a | ongh
and Empl oy ment Clthessenof @nditiong\repseseigartinghpaint,i.e.,

the first four equations are binding,and the last five equations are not imposed.

Assume now that it is planned to impose a short run closure on the model, whereby a
factor is assumed to be activity specific, and hence there is no inter sectoral factor mobility.
Typically this would invelve making capital activity specific and immolaléhough it can be

applied to any factor. This requires imposing the condition that factor demands are activity

specific, i.e., the conditiogFD,, , = FD, , ) must be imposed. But the returns to this factor

in different uses (activities) must now be allowed to vary, i.e., the con@/ic6b) must now
be relaxed.

The number of imposed conditions is equal to the number of relaxed conditions, which
suggests that the model will still be consistent. But the condition fixing the total supply of the

factor is redundant since if factor demands are fixed the total fagiplyscannot vary. Hence
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the condition(AC6a)is redundant and must be relaxed. Hence at least one other condition

must be imposed to restore balance between the numbers of equations and variables. This can
be achieved by fixing one of the sectoral proportions for factor prices for a specific activity

i.e., (AC6b),which means that the activity specific returns to the factor will be defined

relative to the return to the factorantiv.3®

Factor Market Closure Equations

FDfact,a = FDfact,a (ACGG)
WFDISTfact,a :WFDISTfaCtya (ACGf)
stact =FS fact (ACGg)
WFDIST . sy =WFDIST ., (AC6h)
WF . =WF (AC6i)
FS o St (ACGj)
Min FS.., =0

Max FS,,, = dnfinity (AC6K)

Start again from the closure conditions for full factor mobility and employments and
then assume that there is unemployment of one or more factors in the economy; typically this
would be one type or anotherwriskilled labour. If the supply of the unemployed factor is
perfectly elastic, then activities can employ any amount of that factor at a fixed price. This
requires imposing the condition that factor prices are fixed (A&6l)relaxing the

assumption that the total supply of the factor is fixed at the base level, i.e., relaxing (AC6a). It

38 It can be important to ensure a sensible choice of reference activity. In particular this is important if a
factor is not used, or little used, by the chosen activity.
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is useful however to impose some restrictions on the total supply of the factor that is

unemployed. Hence the conditions (AC6k) can be impdsed.

Activity Inspired Restrictions on Factor Market Closures

There are circumstances where factor use by an activity might be restricted as a consequence
of activity specific characteristics. For instance it might be assumed that the volume of
production by an activity might be predetermined, e.g., known minerainess might be

fixed and/or there might be an exogenously fixed restrictiontupon the rate of extraction of a
mineral commodity. In such cases the objective might be to fix the quantities of all factors
used by an activity, rather than to fix the amounis factor used by alhactivities. This is

clearly a variation on the factor market closure gonditions for making a factor activity

specific.
Factor Market Clearing Equations
FDf,activ = FDf,activ (AC6|)
WEFDIST =WEDIST

f ,activ

f ,activ (AC6m)

If all factors used by an activity are fixed, this requires imposing the conditions that
factor demands are fixed, (AC6l), whexetiv refers to the activity of concern. But the returns
to these factors'in this activities must now be allowed to vary, i.e., the conditions (AC6m)
must now be relaxed. In this case the condition fixing the total supply of the factor is not
redundant since dnthe factor demands kactiv are fixed and the factor supplies to be
allocated across other activities are the totapbep unaccounted for kactiv.

Such conditions can be imposed by extending the blocks of equations for each factor in
the factor market closure section. However, it is often easier tagadine model by

gathering together factor market conditions that are inspired by activity characteristics after

39 If the total demand for the unemployed factor increases unrealistically in the policy simulations then it is
possible to place an upper bound of the supply of the factor and then allow the wage rate from that factor
to vary.
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the factor inspired equations. In this context it is useful to note that when working in GAMS
that the last condition imposed, in terms of the order of the code, is bindisgpededes

previous conditions.
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Appendix 1: STAGE Model Genealogy

The STAGE model started life in theid-1990s After initial (futile) struggles with the

Cameroon CGE model then in the GAMS library Sherman Robinson gave Scott a copy of the
single country CGE model developed for the U
Economic Research Service (ERS) under Shermsan | e ad er sdtal.,pgl990;Robi nson
Kilkenny, 1991). The USDARSmodel was based on an inguitput representation of the

inter industry transactions that limited the applicability of the model, for the analyses of the
decisions made by muliroduct aavities. This concern was'raised with Sherman and Hans
Lofgrenin the late 1990S; this problem was addressed 9y Hans'‘and Sheandra copy of

the solution was shared with Scott. The developments:by Hans and Sherman at IFPRI

ultimately resulted in the production of the IFPRI standard model in 2001 (L afigaén

2001). Consequently the IFPRI standard and STAGE models share a common heritage and a
number of features although there also differences.

TheUSDA ERS model provided the basis for PIROVIDE project model (McDonald,
2003) This model also included the treatment of mpitaduct activities developed for the
IFPRI Standard model butiineluded different treatments of margins and differences that
reflected issues relevant to South Africa at that time. Valuabi&ibutionsto the PROVIDE
model were made b@ecilia Punt, Melt van Schoor, Lindsay Chant and Kalie P&dsit van
Schoor also made.major contributions through the development of th&&kand
SeeResllts interfaces. An energy version of the PROVIDE model was developed with Jonah
Tlhalefangand was  used in Jonah’s PhD thesis at t|
devel'oped version of the PROVIDE model appea
University of Stellenbosch, which among other things, included explicit modellingpobes

in the composition of eutputs by activities.

The FROVIDE project model developedto the STAGE model as part of the process
of developing the GLOBE model from 2002 with Karen Thierfeldaren had also started
her modelling career using the USDA ERS model and the NAFTA model in the 1990s.

The GLOBE model used a simplified variant of the STAGE model as the basis for the
development of the within country/region behavioural equations. This process generated some

40 The issue had become relevant when estimating the implications of BSE (McDonald and Roberts, 1998).
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changes in behavioural relationstipode structure, methods for analyzing results and
notation. Consequently in 2005 the STAGE 1 model searsolidated from previous models
and made open source with some revisfoms 2009.The STAGE 2 modelasadeveloped
as a series of variants on a core mdiveer?009and2019 It includedcontributions made
with Karen ThierfelderCecilia PuntEmanuele FerrarDorothee FlaigEmerta AragieJonas

Luckmann and Arndt €uebacher

The STAGE 3 modelsynthesizesnany of the ideamcluded in variants of STAGE. 2
The introduction of a system of generalized production and consumption syséams that
many ofthe variants o6TAGE 2 are redundant. The model alse inclutiesscope to
include inter alia, labourleisure tradeoffs, activities outside of the cenventional SNA

production boundaryenvironmentatoncerns, demagraphiand an enhancedodelling of

investment decision®any of these developments enhance the use of theimodel in recursive

dynamicmode.

STAGEIs part ofa suite of models that include twybalmodek (ANARRESand
R23modek) and a range of teaching modelghe SMOD suite. Allithese model use a

(overwhelmingly) common set of notation and formais.
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Appendix 2: Parameter, Variable and Equation Lists STAGE

The parameter and variable listings are in alphabetic order, and are included for reference

purposes. The parameters listed below are those used in the behavioural

specifications/equations of the model, in addition to these parameters thisve fameher

set of parameters. Tefirstextra set of parameters is used in model calibrated and for

deriving results; there is one such parameter for each variable and they are identified by

appending a

0’ ( zer o) Thesecdandextreesaresppraneters v e

var

usedas intermediate parameters used as part of the calibration process or parameters used to

check the calibrations

Parameter List

Parameter Name

ParametenDescription

ac(c)
adfag(ff,a)
advaOl(a)
advab(a)
adx01(a)
adxb(a)
adxc(c)
alphah(c,h)
at(c)

ati(a)
beta(c,h)
co2co(c,sac)

comactco(c,a)

comhoav(c,h)
comtotsh(c)
dabadva(a)
dabadx(a)
dabsen(e)
dabshh(h)
dabte(c)
dabtex(c)
dabtf(ff,a)
dabtm(c)
dabts(c)
dabtss(c)
dabtv(c)
dabtx(a)
dabtye(e)
dabtyf(f)
dabtyh(h)
delta(c)
deltafd(ff,ff,a)
deltava(ff,a)
deltax(a)
deltaxc(a,c)
deprec(f)
dirpay(h)
dstocconst(c)
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Shift parameter for Armington CES function

Shift parameter for factorand activity specific efficiency
0-1 par for flexing of shift parameter on functions for QVA
Shift parameter for CES production functions for QVA

0-1 par for flexing of shifparameter on functions for QX
Shift parameter forn,CES productionfunetions for QX

Shift parameter forcommodity output CES aggregation
Expenditure share by commaodity ¢ for household h

Shift parameter foArmington CET function

Shift parameter for Armington CET function

Marginal budget shares

C0O2 emission coeff tonnes CO2 per tonne oil equivalent
use matrix coefficients

Haouseheld consumption shares

Share of commodity c in total commodity demand

Change in base shift parameter on functions for QVA
Change in base shift parameter on functions for QX
Changeiin.base Enterprise saving rates

Change in base Household saving rates

Change in base export taxes on comm'y imported from region w
Change in base excise tax rate

Change in base factor us tax rate on activities

Change in bastriff rates on comm'y imported from region w
Change in base sales tax rate

Change in base sales tax 2 rate

Change in base value added tax rate

Change in base indirect tax rate

Change in base direct tax rate on enterprises

Change in base direct tax rate on factors

Change in base direct tax rate on households

Share parameter for Armington CES function

CES Share parameters for Aggregated FD fag using ff by a
Share parameters for CES production functions for QVA
Share parameter for CES production functions for QX
Share parameters for commodity output CES aggregation
accounting depreciation rate by factor f

Agricultural support by direct payment to Agric households
Stock change demand volume



econ(c)
entgovconst(e)
entvash(e,f)
entvashchk(e,f)
entwor(e)
eta(c)
factwor(f)
frisch(h)
gamma(c)
gammai(a,c)
goventsh(e)
govvash(f)
govvashchk(f)
govwor
hexp_sub0(h)
hexps(h)
hoentconst(h,e)
hoentsh(h,e)
hogovconst(h)
hohoconst(h,hp)
hohosh(h,hp)
hovash(h,f)
hovashchk(h,f)
howor(h)
invconst(c,i)
iogintgx(a)
ioginvd(c,i)
ioqinvdCHK(i)
ioqtdqd(c,a)
ioqgtdqtt(c,m)
iogttge(m,c)
iogttgg(m,c)
iogvagx(a)
iogxacgx(a,c)
nest_fd(ff,ff,a)
nest_va(ff,a)
predeltax(a)
pwse(c)
gcdconst(c,h)

gcdconst_neg(c,h)

gedconst(c,e)
ggdconst(c)
ginvb(i)
rhoc(c)
rhocva(a)
rhocx(a)
rhocxc(c)
rhofd(ff,a)
rhot(c)
rhoti(a)
sen0(e)
sen01(e)
senb(e)
shhO(h)
shh01(h)
shhb(h)
sumelast(h)
te01(c)
teb(c)
tex01(c)
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constant for export demand equations

Government transfers to enterprise e

Share of income from factor f to enterprise e

Share of income from factor f to enterprise e

Transfers to enterprise e from world (constant in foreign currency)
export demand elasticity

Factor payments from RoW (constant in fore@gmrency)
Elasticity of the marginal utility of income

Share parameter for Armington CET function

Share parameter for Armington CET function per activity
Share of entp’ income after tax save and consurgpub

Share of income from factor f to government

Share of income from factor f to government

Transfers to government from world (constant in foreign currency)
Subsistence consumption expenditure in base

Subsistence consumption expenditure

transfers to hhold h from enterprisé € (nominal)

Share of entp' income after tax&ave and‘consump to h'hold
Transfers to hhold h from government (nominal$edlable)
interhousehold transfers

Share of h'hold h after tax and saving income transferred to hp
Share of income from factor f to household h

Share of income from facter f to household h

Transfers to household framworld (constant in foreign currency)
Investment demand volume for investment of type i

Agg intermed quantity per unitQX.for Level 1 Leontief agg
Input of commaodity ¢ per unit ahvestment of type i

Check on Input of'commodity ¢ per unit,of investment of type i
intermediate‘input output coefficients

quantity of commaodity ¢ used,to produce a unit of margin m
guantity of margin m«sed per unitof export demand QE
guantity of margindm used per unit of domestic demand QQ
Agg value added quant per unit QX for Level 1 Leontief agg
Share of commodity c in output by activity a

All nests below VA

Valueradded nest

dummy-used torestimated deltax

world price of export substitutes

Volume of subsistence consumption

Negativesubsistence consumption indicates a calibration error
Enterprise demand volume

Government demand volume

Investment volume by investment type i in base

Elasticity parameter for Armington CES function

Elasticity parameter for CES production function for QVA
Elasticity parameter for CES production function for QX
Elasticity parameter for commodity output CES aggregation
Elasticity parameter for CES prodn fns for Aggregated FD
Elasticity parameter for Output Armington CET function
Elasticity parameter for Output Armington CET function

Initial Enterprise saving rates

0-1 par for potential flexing of Enterprise savirajes

Base Enterprise saving rates

Initial Household saving rates

0-1 par for potential flexing of Household saving rates

Base Household saving rates

Weighted sum of income elasticities

0-1 parfor potential flexing of export taxes on comm'ies
Export subsidy rate

0-1 par for potential flexing of excise tax rates



texb(c)
tfO1(ff,a)
tfb(ff,a)
tm01(c)
tmb(c)
totdemd(c)
totsupp(c)
ts01(c)
tsb(c)
tss01(c)
tssb(c)
tv01(c)
tvb(c)
tx01(a)
txb(a)
tye01(e)
tyeb(e)
tyfo1(f)
tyfb(f)
tyh01(h)
tyhb(h)
use(c,a)
vddtotsh(c)
worvash(f)

worvashchk(f)

yhelast(c,h)
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Excise tax rates

0-1 par for potential flexing of factor use tax rates
Factor use tax rate

0-1 par for potential flexing of Tariff rates on comm'ies
Tariff rate on commodity ¢

total commodity demand at purchaser prices

total commodity supply at basic prices

0-1 par for potentiaflexing of sales tax rates

Sales tax rates

0-1 par for potential flexing of sales tax 2 rates

Sales tax 2 rates

0-1 par for potential flexing of value added tax rates
Value added tax rates

0-1 par forpotential flexing of indirect tax rates

Indirect tax rate on activity a

0-1 par for potential flexing of direct tax rates on e'rises
Direct tax rate on enterprises

0-1 par for potential flexing of direct tax ratesfactors
Factor Income tax rate

0-1 par for potential flexing of direct tax rates on htholds
Direct tax rate on household h

use matrix transactions

Share of value of domestic output for the domestic market

Share of income from factor f. to RoW
Share of income from factor f to Row
Normalised) household income elasticities
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Variable Name

Variable Description

ABSORP
ADFD(ff,a)
ADVA(a)
ADVAADJ
ADX(a)
ADXADJ
CAPWOR

CO2EMIT(c,sac)
CO2EMIT_TOT

CPI

DADVA
DADX

DS

DSEN
DSHH
DTAX

DTE

DTEX

DTF

DTM

DTS

DTSS

DTV

DTX

DTY

DTYE
DTYF
DTYH

EG

EGADJ
ENTSAV(e)
ER

ETAX
EXTAX
FD(ff,a)
FS(ff)
FSl(insa;,f)
FSISH(insa,f)
FTAX
FYTAX
GDP
GOVENT(e)
HEADJ
HEXP(h)
HGADJ
HHSAV(h)
HOENT(h,e)
HOHO(h,hp)
IADJ
INSVA(insa,f)
INVEST
INVESTSH
INVSH_I(i)

IOQXACQXV(a,c)

ITAX
KAPGOV
MTAX
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Absorption

Shift parameter for factor and activity specific efficiency
Shift parameter for CES production functions for QVA
Scaling Factor for Shift parameter on CES functions for QVA
Shift parameter for CES production functions for QX
Scaling Factor for Shift parameter on CES functions for QX
Current account balance

CO2 emissions by energy commodity by user

Total CO2 emissions

Consumer price index

Partial scaling factor faghift parameter on/CES functions for QVA
Partial scaling factor for Shift parameter on CES functions for QX

Partial household and enterprise savings rate scaling factor
Partial enterprise savings rate scaling factor

Partial household savings rate scaling factor

Direct Income tax revenue

Partial Export tax rate scaling factor

Partial Excise tax rate scaling factor

Uniform adjustmentto factor use tax by activity
Partial Tariff rate scaling factor

Partial Sales tax rate scalingfactor

Partial Sales tax 2 rate scaling factor

Partial value added tax rate scaling factor

Partial Indirect,tax rate scaling factor

Partial direct tax onyhold and enterprisexraté scaling factor
Partial direct'tax on‘enterprise rate scaling factor
Partial direct tax on factor rate,scaling factor

Partial direct tax on household rate scaling factor
Expenditure by government

Transfers to enterprises by government Scdhiactor
Enterprise savings

Exchange rate (domestic per world unit)
Exportitax.revenue

EXxcise tax revenue

Demand for factor f by activity a

Supply. of factor f

Factor supplies frormstitution ins by factor f

Shares of factor f supplied by institution ins
Factor'use tax revenue

Factor Income tax revenue

GDP from Expenditure

Government income from enterprise e

Scaling factor foenterprise transfers to households
Household consumption expenditure

Scaling factor for government transfers to households
Household savings

Household Income from enterprise e

Inter household transfer

Investment scaling factor

Factor income after deprecn distribution to institn ins
Total investment expenditure

Value share of investment in total final domestic demand
Shares of savings to investmentyjfe i

Share of commodity ¢ in output by activity a

Indirect tax revenue

Government Savings

Tariff revenue



PD(c)
PE(c)
PINT(a)
PM(c)
PPI
PQCD(c)
PQD(c)
PQS(c)
PTT(m)
PVA(a)
PWE(c)
PWM(c)
PX(a)
PXAC(a,c)
PXC(c)
QCD(c,h)
QD(c)
QE(c)
QED(c,e)
QEDADJ
QGD(c)
QGDADJ
QINT(a)
QINTD(c,a)
QINV(i)
QINVD(c,i)
QM(c)
QQ(c)
QTT(m)
QTTD(c)
QVA(a)
QX(a)
QXAC(a,c)
QXC(c)
SADJ
SEADJ
SEN(e)
SHADJ
SHH(h)
SSTAX
STAX
TE(c)
TEADJ
TEX(c)
TEXADJ
TF(ff,a)
TFADJ
TM(c)
TMADJ
TOTSAV
TS(c)
TSADJ
TSS(c)
TSSADJ
TV(c)
TVADJ
TX(a)
TXADJ
TYADJ
TYE(e)

98

A Standard Computable General Equilibrium Model: Technical Documentation

Consumer price for domestic supply of commodity ¢
Domestic price of exports by activity a

Price of aggregate intermediate input

Domestic price of competitive imports of commaodity ¢
Producer (domestic) price index

Purchaser price of composite commodity cc private final demand
Purchaser price afomposite commodity ¢

Supply price of composite commodity ¢

Price of trade and transport margin m

Value added price for activity a

World price of exports in dollars

World price of imports in dollars

Composite price of output by activity a

Activity commodity prices

Producer price of composite domestic autput
Household consumption by commodity ¢

Domestic demand for commodity.€

Domestic output exported by cammodity ¢

Enterprise consumption by commadity ¢

Enterprise demand volume Scaling Factor
Government consumption demand by commodity.c
Government consumption demand scaling factor
Aggregate quantity ahtermediates used by activity a
Demand for intermediate inputs by commodity & activity
Investment volume by investment type i

Investment demand by commadity. ¢ for investment type i
Imports of commaodity ¢

Supply of composite commodity ¢

Quantity of trade and transport margin m

Intermediate input use for trade and transport margin m
Quantity of aggregate value added for level 1 production
Demestic production bgctivity a

Domestic commodity output by each activity

Domestic production,.by commodity ¢

Savings rate scalingfactor for BOTH households and enterprises
Savings,rate scaling factor for enterprises

Enterprise savingsrates

Savings rate scaling factor for households

Household savings rates

Sales tax 2sevenue

Sales tax revenue

Export'taxes on exported comm'y ¢ ad valorem

Export subsidy Scaling Factor

Excise tax rat@er unit quantity

Excise tax rate scaling factor

Tax rate on factor use

Factor Use Tax Scaling Factor

Tariff rates ad valorem

Tarrif rate Scaling Factor

Total savings

Sales tax rate ad valorem

Sales tax rate scaling factor

Sales tax 2 rate ad valorem

Sales tax 2 rate scaling factor

Value added tax rate

Value added tax rate scaling factor

Indirect tax rate

Indirect Tax Scaling Factor

Household and Enterprise Income Tax Scaling Factor
Direct tax rate on enterprises
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TYEADJ Enterprise income tax Scaling Factor

TYF() Direct tax rate on factor income

TYFADJ Factor Tax Scaling Factor

TYH(h) Direct tax rate on households

TYHADJ Household Income Tax Scaling Factor

UNEMP(f) Unemployed factors

VED(e) Value of enterprise e consumption expenditure

VEDSH(e) Value share of Ent consumption in total final domestic demand
VFDOMD Value of final domestic demand

VGD Value of Government consumption expenditure

VGDSH Value share of Govt consumption in total final domestic demand
VTAX Value added tax revenue

WALRAS Slack variable for Walras's Law

WF(ff) Price of factor f

WFA(ff,a) Activity specific factor prices

WFDIST(ff,a) Sectoral proportion for factor prices

YE(e) Enterprise incomes

YF(f) Income to factor f

YFDISP(f) Factor income for distributionyafter. depreciation

YFINS(f) Factor income for distribution toxdomestic hon‘govt institutions
YFWORC(f) Foreign factor income

YG Government income

YH(h) Income to household h
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