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TERM: A Many-Region Single-Country Computable General Equilibrium Model

 The TERM database

Figure 1 is a schematic representation of the model's input-output data​base. It reveals the basic structure of the model. The rectangles indicate matrices of flows. Core matrices (those stored on the database) are shown in bold type; the other matrices may be calculated from the core matrices. The dimensions of the matrices are indicated by indices (c, s, i, m, etc) which correspond to the following sets:

Table 1: Main Sets of the TERM model

Index
Setname
Description
Typical size

s
SRC
(dom,imp) Domestic or imported (ROW) sources
2

c
COM
Commodities
40

m
MAR
Margin commodities
4

i
IND
Industries
40

o
OCC
Skills
8

d
DST
Regions of use (destination)
30

r
ORG
Regions of origin
30

p
PRD
Regions of margin production
30

f
FINDEM
Final demanders(HOU, INV,GOV, EXP);
4

u
USER
Users   = IND union FINDEM
44

The sets DST, ORG and PRD are in fact the same set, which is named according to the context of its use.


The matrices in Figure 1 show the value of flows valued according to 3 methods:

1) Basic values = Output prices (for domestically-produced goods), or CIF prices (for imports)
2) Delivered values = Basic + Margins
3) Purchasers' values = Basic + Margins + Tax = Delivered + Tax


The matrices on the left-hand side of the diagram resemble (for each region) a conventional single-region input-output database. For example, the matrix USE at top left shows the delivered value of demand for each good (c in COM) whether domestic or imported (s in SRC) in each destination region (DST) for each user (USER, comprising the industries, IND, and 4 final demanders: households, investment, government, and exports). Some typical elements of USE might show:

USE("Wool","dom","Textiles","North") : domestically-produced wool used by the textile industry in North

USE("Food","imp","HOU","West") : imported food used by households in West

USE("Meat","dom","EXP","North") : domestically-produced meat exported from a port in North

USE("Meat","imp","EXP","North") : imported meat re-exported from a port in North

As the last example shows, the data structure allows for re-exports (at least in principle). All these USE values are "delivered": they include the value of any trade or transport margins used to bring goods to the user. Notice also that the USE matrix contains no information about regional sourcing of goods.


The TAX matrix of commodity tax revenues contains an element corresponding to each element of USE. Together with matrices of primary factor costs and production taxes, these add to the costs of production (or value of output) of each regional industry.


In principle, each industry is capable of producing any good. The MAKE matrix at the bottom of Figure 1 shows the value of output of each commodity by each industry. A subtotal of MAKE, MAKE_I, shows the total production of each good (c in COM) in each region d.


TERM recognizes inventory changes in a limited way. First, changes in stocks of imports are ignored. For domestic output, stock changes are regarded as one destination for industry output (ie, they are dimension IND rather than COM). The rest of production goes to the MAKE matrix.


The right hand side of Figure 1 shows the regional sourcing mechanism. The key matrix is TRADE, which shows the value of inter-regional trade by sources (r in ORG) and destinations (d in DST) for each good (c in COM) whether domestic or imported (s in SRC). The diagonal of this matrix (r=d) shows the value of local usage which is sourced locally. For foreign goods (s="imp") the regional source subscript r (in ORG) denotes the port of entry. The matrix IMPORT, showing total entry of imports at each port, is simply an addup (over d in DST) of the imported part of TRADE.


The TRADMAR matrix shows, for each cell of the TRADE matrix the value of margin good m (m in MAR) which is required to facilitate that flow. Adding together the TRADE and TRADMAR matrix gives DELIVRD, the delivered (basic + margins) value of all flows of goods within and between regions. Note that TRADMAR makes no assumption about where a margin flow is produced (the r subscript refers to the source of the underlying basic flow).


Matrix SUPPMAR shows where margins are produced (p in PRD). It lacks the good-specific subscripts c (COM) and s (SRC), indicating that, for all usage of margin good m used to transport any goods from region r to region d, the same proportion of m is produced in region p. Summation of SUPPMAR over the p (in PRD) subscript yields the matrix SUPPMAR_P which should be identical to the subtotal of TRADMAR (over c in COM and S in SRC), TRADMAR_CS. In the model, TRADMAR_CS is a CES aggregation of SUPPMAR: margins (for a given good and route) are sourced according to the price of that margin in the various regions (p in PRD).


TERM assumes that all users of a given good (c,s) in a given region (d) have the same sourcing (r) mix. In effect, for each good (c,s) and region of use (d) there is a broker who decides for all users in d whence supplies will be obtained. Armington sourcing is assumed: the matrix DELIVRD_R is a CES composite (over r in ORG) of the DELIVRD matrix. 


A balancing requirement of the TERM database is that the sum over user of USE, USE_U, shall be equal to the sum over regional sources of the DELIVRD matrix, DELIVRD_R.


It remains to reconcile demand and supply for domestically-produced goods. In Figure 1 the connection is made by arrows linking the MAKE_I matrix with the TRADE and SUPPMAR matrices. For non-margin goods, the domestic part of the TRADE matrix must sum (over d in DST) to the corresponding element in the MAKE_I matrix of commodity supplies. For margin goods, we must take into account both the margins requirement SUPPMAR_RD and direct demands TRADE_D.


At the moment, TERM distinguishes only 4 final demanders in each region:

(a) HOU: the representative household

(b) INV: capital formation

(c) GOV: government demand

(d) EXP: export demand.

For many purposes it is useful to break down investment according to destination industry. The satellite matrix INVEST (subscripted c in COM, i in IND, and d in DST) serves this purpose. It allows us to distinguish the commodity composition of investment according to industry: for example, we would expect investment in agriculture to use more machinery (and less construction) than investment in dwellings.

 Identities of the database

IDENTITIES

PUR(c,s,u,d) = USE(c,s,u,d) + TAX(c,s,u,d)

USE_U(c,s,d) =  DELIVRD_R(c,s,d)

DELIVRD(c,s,r,d) = TRADE(c,s,r,d) + sum{m,MAR, TRADMAR(c,s,m,r,d)}

TRADMAR_CS(m,r,d) = SUPPMAR_P(m,r,d)


INVEST(c,i,d)

purchasers value of good c used for investment in industry i in d

price: pinvest(c,d)

quantity: xinvi(c,i,d);
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DST

ORG x DST



COM

x

SRC


IND

USE
(c,s,u,d)

Delivered value of demands:
 basic + margins (ex-tax)

quantity: xint(c,s,i,d)

price: puse(c,s,d)
FINDEM

(HOU,INV,
GOV, EXP)

quantities:

xhou(c,s,d)

xinv(c,s,d)

xgov(c,s,d)

xexp(c,s,d)

final demands by 4 users at delivered price:

puse(c,s,d)
=
USE_U
(c,s,d)

=

DELIVRD_R
(c,s,d)

price:

pdelivrd_r

(c,s,d)

quantity:
xtrad_r
(c,s,d)
=
CES
DELIVRD
(c,s,r,d)

= TRADE(c,s,r,d) 
+ sum{m,MAR, TRADMAR(c,s,m,r,d)}

price: pdelivrd (c,s,r,d)

quantity: xtrad(c,s,r,d)




+




= {Leontief)




COM

x

SRC


TAX
(c,s,u,d)

commodity taxes




TRADE
(c,s,r,d)

good c,s from r to d at basic prices

quantity: xtrad(c,s,r,d)
price: pbasic(c,s,r)

IMPORT
(c,r)


+




+




FACTORS

LAB(i,o,d)  wages

CAP(i,d)  capital rentals

LND(i,d)  land rentals

PRODTAX(i,d)  production tax




MAKE_I(c,r)
=
TRADE_D
(c,"dom",r)

TRADMAR
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margin m on good c,s from r to d

quantity: xtradmar(c,s,m,r,d)
price: psuppmar_p(m,r,d)
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MAKE
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MAKE_I
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domestic
commodity
supplies

SUPPMAR
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Margins supplied by p on goods
 passing from r to d

update: xsuppmar(m,r,d,p)*pdom(m,p)

MAKE_I(m,p) = 
SUPPMAR_RD(m,p) 
+ TRADE_D (m,"dom",p) 
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Figure 1: The TERM Flows Database

 TERM sourcing mechanisms

Figure 2 illustrates the details of the TERM system of demand sourcing. Although the figure covers only the demand for a single commodity (Vegetables) by a single user (Households) in a single region (North), the same diagram would apply to other commodities, users and regions. The diagram depicts a series of 'nests' indicating the various substitution possibilities allowed by the model. Down the left side of the figure, boxes with dotted borders show in upper case the value flows associated with each level of the nesting system. These value flows may also be located in Figure 1. The same boxes show in lower case the price (p....) and quantity (x....) variables associated with each flow. The dimensions of these variables are critical both to the usefulness of the model and to its computational tractability; they are indicated by subscripts c, s, m, r, d and p, as explained in Table 1. Most of what is innovative in TERM could be reconstructed from Figures 1 and 2.


At the top level, households choose between imported (from another country) and domestic vegetables. A CES or Armington specification describes their choice—as pioneered by ORANI and adopted by most later CGE models. Demands are guided by user-specific purchasers prices (the purchasers values matrix PUR is found by summing the TAX and USE matrices of Figure 1). 2 is a typical value for the elasticity of substitution.


Demands for domestic vegetables in a region are summed (over users) to give total value USE_U (the "_U" suffix indicates summation over the user index u). The USE_U matrix is measured in "delivered" values—which include basic values and margins (trade and transport), but not the user-specific commodity taxes. 


The next level treats the sourcing of USE_U between the various domestic regions. The matrix DELIVRD shows how USE_U is split between origin regions r. Again a CES specification controls the allocation, this time with a typical substitution elasticity of 4. The CES implies that regions which lower production costs more than other regions will tend to increase their market share. The sourcing decision is made on the basis of delivered prices—which include transport and other margin costs. Hence, even with growers' prices fixed, changes in transport costs will affect rgional market shares. Notice that variables at this level lack a user (u) subscript—the decision is made on an all-user basis (as if wholesalers, not final users, decided where to source vegetables). The implication is that, in North, the proportion of vegetables which come from South is the same for households, intermediate, and all other users.


The next level shows how a "delivered" vegetable from, say, South, is a Leontief composite of basic vegetable and the various margin goods. The share of each margin in the delivered price is specific to a particular combination of origin, destination, commodity and source. For example, we should expect transport costs to form a larger share for region pairs which are far apart, or for heavy or bulky goods. The number of margin goods will depend on how aggregated is the model database. Under the Leontief specification we preclude substitution between Road and Retail margins, as well as between Road and Rail. For some purposes it might be worthwhile to construct a more elaborate nesting which accommodated Road/Rail switching.


The bottom part of the nesting structure shows that margins on vegetables passing from South to North could be produced in different regions. The figure show the sourcing mechanism for the road margin. We might expect this to be drawn more or less equally from the origin (South), the destination (North) and regions between (Middle), There would be some scope (=0.5) for substitution, since trucking firms can relocate depots to cheaper regions. For retail margins, on the other hand, a larger share would be drawn from the destination region, and scope for substitution would be less (=0.1). Once again,this substitution decision takes place at an aggregated level. The assumption is that the share of, say, Middle, in providing Road margins on trips from South to North, is the same whatever good is being transported.


Although not shown in Figure 2, a parallel system of sourcing is also modelled for imported vegetables, tracing them back to port of entry instead of region of production.
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 Figure 2: TERM sourcing mechanisms

 The TERM data strategy
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Points of contrast with MMRF:

More general:

(a) it is not assumed that exports leave the country in the region where they are produced.

(b) it is not assumed that imports reach the country in the region where they are used.

(c) it is not assumed that margins are produced where the underlying basic flow is used.

(d) there is provision for inventories.

Less general:

(1) all users of a given good (c,s) in a given region (d) have the same sourcing (r) mix.

(2) all investment users (IND) of a given good (c) in a given region (d) have in addition the same dom/imp mix and the same rate of commodity tax.

(3) there is (so far) only one government demander in each region.













Index	Set	Description


c	COM	Commodities


s	SRC	Domestic or imported (ROW) sources


m	MAR	Margin commodities


r	ORG	Regions of origin


d	DST	Regions of use (destination)


p	PRD	Regions of margin production


f	FINDEM	Final demanders(HOU, INV,GOV, EXP)


i	IND	Industries


u	USER	Users   = IND union FINDEM


o	OCC	Skills
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