


1. Introduction 

This memorandum describes the linking of the regional models in the 

version of WAL3AS implemented by the Industries Assistance Commission 

(IAC). 

- 
WALRAS is an international geceral equilibrium model, developed by the 

Secretariat of the Organisation for Economic Co-operation and 

Development (OECD). The model uas designed to provide estimates of the 

effects of agricultural policies in the major agricultural trading 

regions of the OECD. The model contains six regional models, 

representing the economies of Australia, Canada, the European Economic 

Community, Japan, New Zealand and the United States or' America. The 

model is documented in OECD ( : 988) . 
3 

The IAC has Implemented the Australian regional model of WALRAS, 

following closely the theore~ical structure described in OECD (1988), 

and using data supplied by the JECD. The IAC version of the Australian 

model is documenced in McDougall and Sugden ( i 988) . It is proposed to 

impleaent the ocher five regioral models along similar lines. 

In the version of WALRAS described in OECD ( 1988) , no links exist 

between the regional models. The OECD proposes to link the regional 

models by adding equations relating each regions' exports and export 

prices to the other regions' bports and import prices. This memorandum 

describes the inter-regional links planned far the IAC version of 

WALRAS . 

2. Choice of Specification 

2.1 Import Demnds 

Import demands are modelled on the assumption that commodities imported 

from different regions are not perfectly substitutable for each other. 

Imports from different sources are combined in a constant-elasticity-of- 

substitution (CES) function to yield a composite imported variety of 

each commodity. The imported variety is then combined with a 

domestically produced variety to yield effective usage of each 



commodity. This specification has been used by Whalley ( 1985), and is 

the specification suggested :"cr WALRAS in OECD (?988), para 39. The 

specification is adopted in orcer to accommodate the simultaneous import 

and export by many countries of many commodities (the phenomenon of 

'cross-hauling'). 

- 
This general approach is taken for two categories of demand, namely 

intermediate usage and consumption. These are the categories in which 

WALRAS already recognizes substitutability between imported and 

domestically produced varietiss of each commodity. For ocher demand 

categories - investment, goverxnent usage, and change in stocks - no 
substitution between imported and domestically produced varieties is 

recognized. For these categcries, the further assumption Is now made 

that there is no substitution $stween varieties imported from different 

regions. 3 

The disaggregation of imports Sy region of origin makes it desirable to 

amend one other feature of the consumer demand system. At resent the 

model distinguishes thirteen commodities in production and in most 

categories of demand. These commodities are referred to below as 

producer commodities. In consumption, however, the model distinguishes 

ten commodities, referred to below as consumer commodities. Each 

consumer commodity is differenciated into a domestically produced and an 

imported variety. The domestically produced varieties of the consumer 

commodities are composed in fixed proportions of the domestically 

produced varieties of the producer commodities. Imported consumer 

commodities are likewise comcosed in fixed proportions or' imported 

producer commodities. 

This specification tends to rssult in low own-price elasticities of 

consumption demand for imported producer commodities. It also tends to 

result in complementarity in consumption between imported producer 

commodities combined in the same imported consumer commodities. 

Especially when imports are differentiated by source, this may lead to 

implausible simulation results. 

For example, most imports into Australia of the producer good 'dairy 
- 

products' are consumed as part of the imported consumer good 'food and 



non-alcoholic beverages' . Most of this good, however, consists of' 

imports of the producer commodity 'other food products'. 30 a chznge in 

the price of imports of 'dairy products' has little effect on the price 

of imported 'food and non alcoholic beverages' , and therefore little 

effect on the demand for imports of 'dairy products'. aut a chug" in 

the price of imports of 'other food products' has a much larger effect - 
on the demand for imports of dairy products. 

To avoid such implausible results, the approach taken here is to node1 

substitution between commodities from different sources at the producer 

commodity level, rather than at the consumer commodity level. So in the 

linked version of WALRAS, consumer commodities are not differentiatsd by 

source. Consumer commodities are composed i n  fixed proportions of 

producer commodities. Consumption usage of each producer commodity is a 

CES function of consumption usage of the domestically produced z ~ C !  t@ 

composite imported varieties. Consumption usage of the ccmpositja 

importsd variety is a CES function of consumption usage of imporzs Prom 

each source. 

2.2 Export 'Supplies 

Export supplies are modelled on the assumption that domest;cally 

absorbed and exported commodities are perfectly transformabie in 

production. This is contrary to the treatment suggested in OECD ( 1988) 

para. 39, in which each industry produces a domestically absorbed and an 

exportable commodity subject to a constant-elasticity-of-transformation 

(CET) production function. The perfect transformability approach is 

adopted in this memorandum, as being more suitable to a long run aodel, 

in which factors of production are perfectly mobile between industries. 

The imperfect transformability assumption was proposed by Dervls. de 

Melo and Robinson (1982) in the context of a short run model as a nears 

of overcoming certain difficulties arising from the heterogeneity 3f the 

commodities distinguished in that model. Each commodity in the aodel 

represents a diverse class of commodities in the real economy; and 

likewise with industries. The share of exports in total salss xay 

differ between the different real commodities corresponding to a s i n g  ! e  

model commodity. If the different real commodities are produced by 



d i f f e r e n t  r e a l  i n d u s t r i e s ,  then f i x i t y  of f a c t o r s  c o n s t r a i n s  t h e  e x t e n t  

t o  which t h e  composit ion o f  t h e  model commodity i n  terms o f  r e a l  

commodities can be a l t e r e d  over  t h e  s h o r t  run.  For example, i f  e x p o r t  

p r i c e s  r i s e ,  no t  a l l  t y p e s  o f  f a c t o r s  can be r e a l l o c a t e d  over  t h e  s h o r t  

run from domes t i ca l ly  b r i e n t e d  t o  e x p o r t  o r i e n t e d  r e a l  i n d u s t r  l e s  . So 

t h e  e l a s t i c i t y  of  supp ly  o f  e x p o r t s  is lower than would be i n d i c a t e d  by - 
t h e  model. Furthermore, t h e  r i s e  i n  t h e  p r i c e s  of  e x p o r t a b l e  r e a l  

commodities does no t  cause  t h e  p r i c e s  of domes t i ca l ly  absorbed r e a l  

commodities t o  r i s e  e q u a l l y .  So domestic p r i c e s  a r e  no t  coupled r i g i d l y  

t o  e x p o r t  p r i c e s ,  a s  t h e  model would i n d i c a t e .  

To overcome these  ' problems Dervis ,  de  Melo and Robinson ( 1982) 

d i f f e r e n t i a t e  each commodity i n  t h e  model i n t o  a d o m e s t i c a l l y  absorbed 

and an expor ted  v a r i e t y ,  produced by t h e  same i n d u s t r y  under c o n d i t i o n s  

o f  imper fec t  t r m s f o r m a t i o n .  Th i s  has  t h e  d e s i r e d  e f f e c t s  o f  r e d u c i B  

t h e  e l a s t i c i t y  of  supp ly  o f  e x p o r t s ,  and p a r t i a l l y  decoupbing domest ic  

p r i c e s  from expor t  p r i c e s .  These a r e  a l s o  t h e  advantages  claimed f o r  

t h i s  approach by OECD (1988). 

The cons ide rac ions  which l e d  Dervis ,  de  Melo and Robinson (1982) t o  

adopt t h i s  approach r e s t  on t h e  assumpt;ion t h a t  c a p i t a l  is immobile 

between i n d u s t r i e s .  I f  a l l  f a c t o r s  a r e  mobile,  then t h e r e  is no 

c o n s t r a i n t  on cnanges i n  t h e  composit ion o f  model commodities i n  terms 

o f  r e a l  commodities. Fur thermore ,  expor t  p r i c e s  and domestic p r i c e s  a r e  

l i k e l y  t o  be t i g h t l y  coupled.  The reason is t h a t  both d o m e s t i c a l l y  

o r i e n t e d  and expor t  o r i e n t e d  r e a l  i n d u s t r i e s  f a c e  t h e  same inpu t  p r i c e s  

( i n c l u d i n g  r e n t a l  p r i c e s  f o r  c a p i t a l ) .  So domes t i ca l ly  o r i e n t e d  and 

expor t  o r i e n t e d  i n d u s t r i e s  a r e  l i k e l y  t o  i n c u r  s i m i l a r  changes i n  u n i t  

c o s t s ,  and t o  make s i m i l a r  changes t o  t h e i r  ou tpu t  p r i c e s .  

I n  WALRAS, a l l  f a c t o r s  o f  product ion a r e  t r e a t e d  a s  mobile between 

i n d u s t r i e s .  The model t h e r e f o r e  t a k e s  a l o n g  run p e r s p e c t i v e ,  in  which 

t h e  c o n s i d e r a t i o n s  which suppor t  t h e  imper fec t  t r a n s f o r m a b i l i t y  approach 

do no t  app ly .  T h i s  memorandum a d o p t s  accord ing ly  t h e  p e r f e c t  

t r a n s f o r m a b i l i t y  approach.  I n  doing s o ,  it  i n c r e a s e s  t h e  r i s k  t h a t  t h e  

composit ion o f  o u t p u t  i n  t h e  i n d i v i d u a l  r e g i o n s  i n  t h e  model may be 

implausibly  i n s e n s i t i v e  wi th  r e s p e c t  t o  p o l i c y  shocks .  
- 



2.3 The Treatment o f  the Rest  o f  the World 

The s i x  reg ions  represen ted  i n  WALRAS c o n s t i t u t e  a l a r g e  p a r t ,  but  by no 

means a l l ,  of  t h e  world economy. Besides  l i n k i n g  t h e  r e g i o n a l  models 

t o g e t h e r ,  i t  is necessary  t o  t ake  i n t o  account t r a d e  betxeen t h e  s i x  

fo rmal ly  modelled r e g i o n s  and t h e  r e s t  of  t h e  world. - 
In t h i s  memorandum a l l  import deaands and expor t  s u p p l i e s  by t h e  r e s t  o f  

t h e  world a r e  t r e a t e d  as completely i n e l a s t i c .  Th i s  is 3. d r a s t i c  

s i m p l i f i c a t i o n ,  nore  d r a s t i c  than t h a t  commonly enployed i n  s i n g l e  

coun t ry  g e n e r a l  equilibrium models. In  those  models t h e  supply  o f  

e x p o r t s  by t h e  r e s t  o f  t h e  world is c o m o n l y  assumed t o  be p e r f e c t l y  

e l a s t i c ,  whi le  t h e  demand by She r e s t  or' t h e  world f o r  imports  or' each  

commodity is ass igned  a c o n s t a n t  f i n i t e  e l a s t i c i t y .  That t r ea tment  is 

s u i t a b l e  i f  t h e  ?conomy of' t h e  r e s t  o f  t h e  worid is l a r g e  wi th  respe* 
; ? 

t o  t h a t  o f  t h e  f o r m l l y  modelled reg ion .  In t h a t  c a s e ,  economic changes 

i n  t h e  formal ly  modelled region have no c o n s i d e r a b l e  e f f e c t  on t h e  l e v e l  

and composit ion or' outpu t  i n  t h e  r e s t  o f  t h e  world. In  t h e  c o n t r a r y  

c a s e ,  when t h e  node l l ed  region is l a r g e  enough t o  i n f l u e n c e  o u t p u t  i n  

t h e  r e s t  o f  t h e  x o r l d ,  it is no l o n g e r  r easonab le  t o  assume t h a t  denand 

by t h e  r e s t  of' t h e  world f o r  imports  o f  a commodity from t h e  a o d e l l e d  

reg ion  depends only on t h e  p r i c e  o f  t h e  imported commodity. Ra the r ,  i t  

w i l l  depend on a l l  import  and e x p o r t  p r i c e s .  S i m i l a r  remarks apply  t o  

e x p o r t s  from t h e  r e s t  o f  t h e  world. 

I t  appears  t h e r e i o r e  t h a t  i n  WALRAS, i n  which t h e  r e s t  of  t h e  world is 

no t  l a r g e  r e l a t i v e  t o  t h e  group of  modelled r e g i o n s ,  no s imple  

s p e c i f i c a t i o n  of its import  demands and expor t  s u p p l i e s  is s u i t a b l e .  To 

provide  a s a t i s f a c t o r y  account  of  t h o s e  v a r i a b l e s ,  i t  would be necessa ry  

t o  i n c o r p o r a t e  t h e  r e s t  of t h e  world i n t o  t h e  nodel  as one o r  a number 

o f  r eg ions .  That t a s k  is wel l  o u t s i d e  t h e  scope of  t h e  p r e s e n t  

memorandum. This  memorandum accord ing ly  r e f r a i n s  from o f f e r i n g  any 

exp lana t  ion of  changes i n  r e s  t -of  - the-war l d  imports  and e x p o r t s  . Those 

v a r i a b l e s  a r e  t h e r e f o r e  exogenous i n  t h e  l inked  model. I t  must then be 

acknowledged t h a t  t h e  l i n k e d  model excludes  c e r t a i n  ad jus tment  

p r o c e s s e s ,  namely a l l  t h o s e  p rocesses  which a r e  mediated by t h e  r e s t  of 

t h e  world. 



3. Structure of the Inter-Regional Linking Extension to UALRAS 

3.1 Introduction 

The regional models in WALRAS are linked by the addition of adding 

equations, variables and parameters . The model to which these additions 

are made is an assemblage of six regional models, each having the same 

structure as the I A C  version of the WALRAS model of Australia, 

documented in McDougall and Sugden (1988). 

Tables 1, 2 and 3 list the equations, variables and parameters added to 

the non-linear version of WALRAS. Tables 4 and 5 list the corresponding 
linearized equations and their parameters. The notation follows that of 

McDougall and Sugden (1988), except that regional superscripts are added 

to the variables and parameters of the regional models. ~ e ~ i o n a l 3  

superscripts range from 1 to 6, and indicate regions as shown in ' 

Table 6. Variables representing quantities or prices of imports, or 

quantities of exports, also bear subscripts indicating the source of the 

imports or the destination of the exports. Subscripts from 1 to 6 

indicate regions represented in the model, as shown in Table 6; a 
subscript of 7 indicates the rest of the world. 

3.2 Demands for Inputs into Current Production 

Equation 3.1 of Table 1 expresses usage of imported inputs from each 

source into current production in each industry as the product of an 

input-output coefficient and the level of output in the industry. 

Usage in each industry of the composite imported variety of each 

commodity is assumed to be a linearly homogeneous CES function of usage 

of the variety imported from each source. Using input-output 

coefficients, the relation may be written 



Here ns denotes that number of industries or producer commodities in the 

model, and n, denotes the number of regions (not including the 'rest of 

the world'). In the model as developed by the OECD, ns is equal to 

thirteen, and nr to six. 

The elasticity of substitution between variables imported from different 

sources is assumed to be the same in all industries, but may vary across 

commodities and regions. Solution of the cost minimization problem 

yields equations (3.3) for the input-output coefficients, and equation 

(3.2) for the price of the composite imported variety. 

3.3 Investment Demand 

Formation of the capital good in each region in WALRAS is Leontieff in 

the domestically produced variety and each imported variety of eachv 

commodity. Equations (3.4) of Table 1 are the investment demand - 

equations for the imported varieties. They replace equations (2.15) of 

McDougall and Sugden ( 1988). 

3.4 Consumer Demand 

As stated in Section 2.1, the consumer demand system in the regional 

models is redesigned for the linked model. In the linked model, the 

consumer commodities are not differentiated into domestically produced 

and imported varieties. Consumption of each consumer commodity is 

Leontieff in each producer commodity, as shown in equation (3.6). 

Consumption of each producer commodity by way of each consumer commodity 

is CES in the domestically produced and the composite imported varieties 

of the producer commodity, 

Here nc denotes the number of consumer commodities. In the sectoral 

classification adopted by the OECD, nc is equal to ten. 



The elasticity of substitution is allowed to vary across consumer 

commodities, but not across producer commodities. Utility maximization 

yields equations (3.8) and (3.9) for consumption of the domestically 

produced and composite imported varieties of each producer commodity by 

way of each consumer commodity. Furthermore, equation (3.7) is obtained 
for the price of the i'th producer commodity when consumed by way of the 

glth consumer commodity. Equation (3.5) expresses consumer commodity 

prices in terms of producer commodity prices. 

Consumption of the composite imported variety of each producer commodity 

by way of each consumer commodity is CES in the varieties imported from 

each source, 

Again the elasticity of substitution is allowed to vary across consumer 

commodities, but not across producer commodities. Utility maximization 

yields equations (3.11) for consumption of each imported variety of each 
producer commodity by way of each consumer commodity. Furthermore, 

equation (3.10) is obtained for the price of the composite imported 

variety of each producer comodity consumed by way of each consumer 

commodity . Finally equations (3.12) and (3.13) express total 

consumption in each region of the domestically produced and each 

imported variety as the sum of consumption by way of each consumer 

commodity. 

Export Demand 

Equations (3.14) equate exports of each commodity from each region to 

each destination with imports to that destination from that region. A 

conversion factor is required to convert quantities traded from the 

units used for the importing countries to the units used for the 

exporting country. Equations (3.15) express total exports of each 



commodity from each region as the sum of exports to each source. These 

equations are applied not only to exports from regions represented in 

the model, but also to exports from the rest of the world. 

3.6 Government Demand 

Government usage of each producer commodity is Leontieff in the 

domestically produced and each imported variety. Equations (3.17) are 

the government demand equations for the imported varieties. Equation 

( 3.16), which replaces equation (2.27) of McDougall and Sugden ( 1988) , 
defines a price index for government usage of producer commodities. 

3.7 Change in Stocks 

The composition by source of change in stocks of each commodity is* ; ? 

assumed to be constant. Equations (3.18), which replace equations - 

(2.31) of McDougall and Sugden ( 1988), are the inventory investment 

demand equations for the imported varieties. 

Demand for 'Imports by the Rest of the World 

The equations described in the previous sections explain demands for 

imports by regions represented in the model by reference to the 

structure of production and absorption in these regions. A simpler 

method must be used to explain imports by the rest of the world. That 

simpler method is explained in this section. 

Demand by the rest of the world for imports depends on the price of 

imports relative to prices in the rest of the world. The elasticity of 

demand with respect to relative price is constant. For the six region 

model, in which the rest of the world is not large in comparison to the 

explicitly represented regions as a whole, it is envisaged that the 

elasticity will be set equal to zero. Thus demand by the rest of the 

world for imports will be completely inelastic, as stated in 

Section 2.3. But for particular applications of the model, the model 

may be modified so that the number of regions is less than six. In some 

of these applications, the rest of the world may be large relative to 



the explicitly represented regions as a whole. The structure of the 

model allows users to specify positive import demand elasticities by the 

rest of the world in these applications. 

Even when total demand by the rest of the world for imports of each 

commodity is held constant, demand for imports from individual regions 

may vary. Imports from each region are combined in CES functions to 

form a composite imported variety of each commodity: 
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Equation (3.19) expresses demand by the rest of the world for the 

composite imported variety of each commodity in terms of the price of? 

the composite imported variety relative to the domestically produced- 

variety. Equation (3.20) defines a price index for the composite 

imported variety in terms sf the prices of the varieties .imported from 

each country. Equation (3.21) shows how demand by the rest of the world 

for imports is allocated between exporting regions, on the basis of the 

price of exports from each region. 

3.9 The Price System 

Equations (3.23), which replace equations (2.33) of McDougall and Sugden 

(1988), express the basic price of each imported variety of each 

commodity in terms of the landed duty-free price, the exchange rate, and 

the rate of duty on the variety. Equations (3.22) express the landed 

duty free price in the importing country in terms of the free on board 

price in the exporting country, and the price of an international trade 

and transport margin commodity. 

Equations (3.24), which replace equations (2.35) of McDougall and Sugden 

(1988), express the price paid by the j'th industry for each imported 

variety of each commodity in terms of the basic price of the imported 

variety and a commodity tax rate. The sane commodity tax rate is 

assumed to apply to imports from all sources. 



Equations (3.25) and (3.26 ) , which correspond roughly to equations 

(2.36) and (2.37) of McDougall and Sugden ( 1988) , express the price in 
consumption usage of the domestically produced variety and each imported 

variety of each commodity, in terms of the basic price of the variety 

and a commodity tax rate. Equations (3.25) and (3.26) do not correspond 

exactly to equations (2.36) and (2.37) of the previous memorandum, in 

that they calculate prices for producer commodities, rather than 

consumer commodities. 

Equation (3.27) expresses the price of the international trade and 

transport commodity as a weighted average of the price in each country 

of the last commodity of the producer commodity classification ('other 

private services ' ) . 

3.10 The Market-Clearing Equations 

Equations (3.28), which replace equations (2.40) of McDougall and Sugden 

(1988), are identities expressing total imports of each commodity into 

each,region by summing over demand categories. 

3.11 Miscellaneous Equations and Macro Identities 

Equations (3.29), which replace equation (2.45) of McDougall and Sugden 

(1988), define the purchase price of capital in each region. Equations 

(3.30) and (3.31), which replace equations (2.46) and (2.47) of the 

earlier memorandum, define aggregate consumption. expenditure and the 

consumer price index Equations (3.32) and (3.33) define aggregate 

inventory investment expenditure and a price index for inventory 

investment. Equations (3.34) and (3.35) define aggregate imports and an 

import price index. Finally equation (3.36) defines aggregate 

government revenue. 

4. The Linearised Inter-Regional Linking Extension 

In implementing the WALRAS. model, the i AC has linearised the equation 

system. So the inter-regional linking extension must also be 



linearised. Table 4 presents the equation system of Table 1 i n  

percentage change form. Parameters unique to the linearised equation 

system are l i s ted  i n  Table 5. 

Most of the variables i n  the linearised system are percentage changes i n  

variables i n  the non-linear system. The exceptions are the tax rate  

variables. In the linearised system these are represented by percentage 

changes i n  the power of the tax, rather than percentage changes i n  the 

tax rate.  The power of a tax is defined as one p l u s  the tax rate  

(measured as a fract ion) .  For example, i f  a tax rate  is 49 per cent, 

then the power of the tax is equal to 1.49. 

5. M e 1  Closure 

Closure of the linked version of WALRAS is generally similar to closure* . . 
of the unlinked version. The main differences are as follows. 

r . In the unlinked version, the variables PWi ,  representing world 

prices, are typically exogenous; but i n  the linked version, the 
r corresponding variables P W ( i s ) ,  representing LDF foreign 

currency prices, are typically endogenous. 

. In the unlinked version, a l l  of the variables P;., representing 

FOB export prices, are ky$+cally endogenous; but i n  the linked 
r version, the variables PEi , representing FOB prices of exports 

from the res t  of the world, are exogenous. 
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TABIS 1 : THE EWATIONS OF TIIE INTER-REGIONAL LINKING EXTENSION TO YALRAS 
- 

I d e n t i f i e r  Equa t i on  S u b s c r i p t  r a n g e  Number D e s c r i p t i o n  

C o r r e s p o n d i n g  
e q u a t i o n  i n  s i n g l e  
r e g i o n  model a 

s = 1 ,  ..., n r + l ,  n2n (",+I) Demand by t h e  j ' t h  
9  r None. 

i  = 1 ..... ns. 
i n d u s t r y  i n  t h e  r ' t h  
r e g i o n  f o r  t h e  v a r i e t y  o f  
t h e  i ' t h  commodity 
impor t ed  f rom t h e  s ' t h  
r e g i o n .  

i  - 1 ,  ..., ns ,  
2 

n  n  
9 r P r i c e  i n d e x  f o r  t h e  None. 

c o m p o s i t e  i m p o r t e d  v a r i e t y  
j = I . . - - . n s ,  o f  t h e  i ' t h  commodity u s e d  
r - 1 ..... n r .  by t h e  j ' t h  i n d u s t r y  i n  

t h e  r ' t h  r e g i o n .  

s = l , . . . . n r + l ,  n  n  (",+I) 
s r I n p u t - o u t p u t  c o e f f i c i e n t  None. 

1 = 1 ,.... ns. f o r  u sage  by  t h e  j s t h  
i n d u s t r y  i n  t h e  r ' t h  

j - I . .  ... n 
S '  r e g i o n  of  t h e  v a r i e t y  of 

r - 1 ...., nr .  t h e  i  ' t h  commodity 
impor t ed  f rom t h e  s ' t h  
r e g i o n .  

s = 1 ,.... n r + l .  n sn r (np* l )  I n v e s t m e n t  u s a g e  i n  t h e  ( 2 . 1 5 )  

i - 1 . .  ... r ' t h  r e g i o n  of t h e  v a r i e t y  
"s ' of t h e  i ' t h  commodity 

r - 1 ..... n r .  i m p o r t e d  f rom t h e  s l t h  
r e g 1  o n .  

P r i c e  of  t h e  g ' t h  consumer  E q u a t i o n s  ( 3 . 5 )  - 
commodity i n  t h e  r % h  ( 3 . 9 )  and ( 3 . 1 2 )  - 
r e g i o n .  ( 3.13)  c o r r e s p o n d  

t o g e t h e r  t o  
e q u a t i o n s  ( 2 . 1 8 )  - 
( 2 . 2 2 )  of  t h e  
s i n g l e  r e g i o n  
mode l .  

i = 1 ,  .... ns .  Consumpt ion  i n  t h e  r ' t h  S e e  above .  
r e g i o n  o f  t h e  i ' t h  

g  = I .  .... nc .  p roduce r  commodi t y  by u a y  
r = 1 ,.... n,. of t h e  g ' t h  consumer 

r = ! ..... n r .  r e g i o n  by u a y  o f  t h e  g ' t h  
consumer commodity.  

# .g 

(CunLl nued ) 



TABLE 1 : THE EWATIONS Of THE INTER-REGlONAl. LINKING EXTENSION TO YALRAS ( C o n t i n u e d )  

I d e n t i f i e r  E q u a t i o n  

- - 

S u b s c r i  p t  r a n g e  Number D e s c r i p t i o n  

C o r r e s p o n d i n g  
e q l l a t i o n  i n  s l n g l e  
r 'egion modela 

( 3 . 8 )  
1 g  1g 

i  = 1 ..... n,, n n n  
c s r  Consumpt ion  i n  t h e  r ' t h  S e e  above 

g  = I ,  ..., n C ,  
r e g i o n  of t h e  d o m e s t i c a l l y  
p roduced  v a r i e t y  o f  t h e  

1-8 ~ ~ / ( 1 - 0 ~ )  r - 1 ,  ..., "r - I  ' t h  p roduce r  commodi ty ,  
by way of  t h e  g ' t h  
consumer commodity . 

1 = 1 ...., n,, n  n  n  
c s r  

g  = 1 ..... n,. 

Consumpt lon  I n  t h e  r ' t h  S e e  above .  
r e g l o n  of t h e  c o m p o s i t e  
Impor t ed  v a r i e t y  o f  t h e  
I ' t h  p roduce r  commodity by 
way o f  t h e  g ' t h  consumer 
commodity . 

I  = 1 ...., n,. n  n  n  P r i c e  I n d e x  f o r  t h e  None. 
c s r  

g  - 1 .  .... n c o m p o s i t e  impor t ed  v a r i e t y  
C '  o f  t h e  I '  t h  p roduce r  

r - 1 .  ..., n r .  commodlty consumed by way 
o f  t h e  g ' t h  consumer  
commodity I n  t h e  r ' t h  
r e g i o n .  

s - 1. .... n r + l .  n n  n  ( n r + l )  Consumpt ion  i n  t h e  r ' t h  c s r  None. 

1 = 1 .  .... r e g i o n ,  by way o f  t h e  g l t h  
ns* consumer commodl t y  , o f  t h e  

g  = 1. ..., n C '  v a r i e t y  o f  t h e  I ' t h  

r  = 1 ,  ..., n r .  p roduce r  commodl t y  
l m p o r t e d  f rom t h e  s ' t h  
r e g i o n .  

i = I .  .... n,. n  n  
3 r Consumpt ion  i n  t h e  r ' t h  S e e  e n t r y  f o r  

r  = 1 ,  .... n r .  r e g l o n  o f  t h e  d o m e s t l c a l l y  e q u a t i o n  ( 3 . 9 ) .  
p roduced  v a r ' l e t y  o f  t h e  
I ' t h  p roduce r  com~nodl t y  . 



Corresponding 
equa t ion  i n  s i n g l e  

l t l e n t i r l e r  Equat ion Subscr ip t  range Number D e s c r i p t i o n  r e z i o n  modela 

s  = 1. ..., n r + l ,  nsnr(nr+ l )  Consumption i n  t h e  r l t h  See e n t r y  f o r  
r e g i o n  o f  t h e  v a r i e t y  o f  equa t ion  (3 .9 ) .  

i = 1  ..... n,, t h e  i ' t h  producer 
r - 1  ...., n,. commodity impor ted  f rom 

t h e  s ' t h  r e g i o n .  

s = 1  ..... n r + l ,  n,(nr+l) 
2 

Exports  o f  t h e  i ' t h  None. 
commodity f rom t h e  r ' t h  

i = 1  ,..., ns, r e g i o n  t o  t h e  s ' t h  r e g i o n .  
r = 1,. . . .n r+ l .  

i = 1  ,..., ns, ns(nr+l  ) Exports  o f  t h e  i ' t h  
commodity from t h e  r ' t h  

r = 1, ..., n r + l .  r e g i o n .  

None. 

"r P r i c e  index  f o r  government (2.27).  
usage o f  producer 
commodi t i e s  . 

s  = 1  ,..., n r + l ,  n  n  ( n r + l )  Government usage i n  t h e  
s  r 

(2.29) 
r ' t h  r e g i o n  o f  t h e  v a r i e t y  

i - 1, .... n,. o f  t h e  i ' t h  commodity 
r = 1, ..., nr. impor ted  f rom t h e  s ' t h  

reg ion .  

s  = 1, ..., n r + l .  n  n  ( n r + l )  Change i n  s t o c k s  i n  t h e  ! i .31 ) .  
s  r r t t h  r e g i o n  o f  t h e  v a r i e t y  

i = 1  ..... n,. o f  t h e  i Y h  commodity 
r - l.....nr. impor ted  f rom t h e  s ' t h  

r e g i o n .  

i = 1  ,..., n,. "3 
D e m a n d b y t h e r e s t o f  t h e  (> .23)+  
w o r l d  f o r  t h e  composite 
imported v a r i e t y  o f  t h e  
i ' t h  commodity. 

.. (Cont inued ) 



TABLE 1 : THE EWATIONS OF TllE INTER-REGIONAL LINKING EXTENSION TO YALRAS (con t inued)  

Corresponding 
equa t ion  i n  s i n g l e  

I d e n t l f l e r  Equation Subscr ipt  range Number D e s c r i p t i o n  r e g i o n  modela 

7-+l BROW , +1 -BROW 

(3.21) - (w 
ROW ) 1 
( i s )  ( P W ~ ~ S ) )  

ROW ROW 
n +1 1-Bl Bi /(I-BROW) 

I 1 

s 

P r i c e  index f o r  t h e  None. 
composite v a r i e t y  o f  t h e  
i ' t h  commodi t y  lmpor ted  
i n t o  t h e  r e s t  o f  t h e  
u o r l d .  

s  = 1. .. ..nr+l,  n s ( n r + l )  Demand by t h e  r e s t  o f  t h e  None. 
u o r l d  f o r  t h e  v a r i e t y  o f  

i - 1 ...., n,. 
t h e  i ' t h  commodity 
impor ted  f rom t h e  s ' t h  
reg1  on. 

s  = 1,....nr+1, 

i = 1, ..., ns, 

j = 1 ,..., ns,  

r = 1 ,.... n,. 

n  ( n r + l )  
2  

Fore ign  currency LDF p r i c e  None. 
i n  t h e  r ' t h  r e g i o n  o f  t h e  
v a r i e t y  o f  the  i ' t h  
commodity imported f rom 
t h e  s ' t h  r e g i o n .  

nsnr (n r+ l  Bas ic  p r i c e  i n  t h e  r ' t h  (2.33)  
r e g i o n  of t h e  v a r l e t y  o f  
t h e  i V h  commodity 
lmpor ted  f rom t h e  s ' t h  
r e g i o n .  

2 
n n ( n r + l )  P r l c e  p a i d  by t h e  j ' t h  

s  r I n d u s t r y  i n  t h e  r ' t h  
r e g i o n  f o r  t h e  v a r i e t y  o f  
t h e  i ' t h  commodity 
impor ted  from the  s ' t h  
r e g i o n .  

n n 
s  r 

P r i c e  p a l d  by households (2.36) 
I n  t h e  r ' t h  r e g i o n  f o r  t h e  
domesti c a l l  y  produced 
v a r i e t y  o f  t h e  i ' t h  
producer  commodity . 

(Cont inued ) 



TABLE I : THE EQUATIONS OF TllE INTER-REGIONAL LINKING EXTENSION TO WALRAS ( C o r ~ t l n u e ~ l )  
- . ~ - 

I d e n t i f i e r  E q u a t i o n  

- - 

S u b s c r i p t  r a n g e  Number D e s c r i p t i o n  

Cor r e spond i r l g  
equa  t i  081 i  rl s i  ngl e  
r e g i o n  modela 

( 3 . 2 6 )  
I r +  TI^) 
 is) = c i  ( i s )  s = 1 ..... n r * l ,  n  s r  n  (n  r + l )  P r i c e  p a i d  by h o u s e h o l d s  ( 2 . 3 7 )  

i  = 1 ,..-, ns, 
i n  t h e  r ' t h  r e g i o n  f o r  t h e  
v a r i e t y  o f  t h e  i ' t h  

r = I , . . - , n r .  p r o d u c e r  c m m o d i t y  
impor t ed  f rom t h e  s ' t h  
r e g i o n .  

P r l c e  o f  i n t e r n a t i o n a l  
f r e i  g h t  . 

None. 

I m p o r t s  of t h e  i l t h  ( 2 . 4 0 )  
commodity f rom t h e  s ' t h  
r e g i o n  i n t o  t h e  r ' t h  
r e g i o n .  

P u r c h a s e  p r i c e  o f  c a p i t a l  ( 2 . 4 5 ) .  
I n  t h e  r ' t h  r e g i o n .  

A g g r e g a t e  consumpt ion  ( 2 . 4 6 ) .  
e x p e n d i t u r e  i n  t h e  r ' t h  
r e g i o n .  

Consumer p r i c e  i n d e x  i n  ( 2 . 4 7 )  
t h e  r ' t h  r e g i o n .  

Aggrega t e  change  i n  s t o c k s  ( 2 . 5 2 ) .  
i n  t h e  r ' t h  r e g i o n  a t  
c u r r e n t  p r i c e s .  

P r i c e i n d e x f o r c h a n g e i n  ( 2 . 5 3 )  
s t o c k s  i n  t h e  r ' t h  r e g i o n .  



TABLE 1 : THE EQUATIONS OF THE INTER-REGIONAL LINKING EXTENSION TO YALRAS ( C o r ~ t . i n u e d )  

I d e n t i f i e r  E q u a t i o n  S u b s c r i p t  r a n g e  Number D e s c r i p t i o n  

C o r r e s p o n d i n g  
e q u a t i o n  i n  s i n g l e  
r e g i o n  m o d e l a  

IMP PI^ = 1 1 A ; ( ~ ~ )  P C ( ~ ~ )  
i s 

Dr pDr Dr RE = 1 1  D : ~  E R ~  P G ( ~ ~ )   IMP:^^) + 1 1  T~~ X .  
i s i I 1 J  

+ l j s  1 1 1 ' t Y s ) j  ' i y s )  ';Ys)j 

t 1 T ; ~ P : ~  I N V ~ ~  + 1 1 T ~ ~ P ~ ~ ~ ) I N v ~ ~ ~ )  
i 1 s 

+ 1 T:; PYr PCYr + 1 1 TEi p c t r s )  
i i s 

+ 1 ~ i ~ ~ y ~  E; 
i 

+ 1 T L ~  pYr ciovYr 
+ 1 1 T L ~ P ~ ~ ~ )  GOV:;~) 

I 1 s 

+ ~ T ~ ~ P ~ ~ D S T O C ~ ~  + 1 1 T S ~  PI:,, D S T O C ~ ; ~ ,  
1 s 

r D r r  r - 1 sQI p j  Q~ + r y  + TC r r  
J 

r = 1 ,  ..., n r .  "r AggregaLe  i m p o r t s  i n t o  t h e  ( 2 . 5 4 ) .  
r ' t h  r e g i o n  a t  f o r e i g n  
c u r r e n c y  LDF p r i c e s .  

P r i c e  i n d e x  f o r  i m p o r t s  ( 2 . 5 5 )  
i n t o  t h e  r ' t h  r e g i o n .  

Government  r e v e n u e  i n  t h e  ( 2 . 6 4 )  
r P t h  r e g i o n .  

- - 

a  Numbers i d e n t i f y  e q u a t i o n s  i n  T a b l e  1 o f  McDougall  a n 0  S u g d e n  (1988) .  



TABLE 2 : VARIABLES UNIQUE TO TllE INTER-RECIOWAL I.INKINC EXTENSION TO WALRAS 
- -- .- 

V a r i a b l e  S u b s c r i p t  r a n g e  Number D e s c r i p t i o n  Dttletetf  v a r i a b l e  
--- 

~ : C s ) j  s = I ..... n r + l ,  
i = 1 ...., n,. 

I n p u t - o u t p u t  c o e f f i c i e n t  f o r  u s a g e  by t h e  J ' t h  i n d u s t r y  i n  t h e  r ' t h  None 
r e g i o r ~  o f  , t h e  va r ' i e l y  o f  t h e  i ' t t l  commodity i m p o r t e d  f r cm t h e  s ' t h  
r e g i o n .  . 

P r i c e  p a i d  by t h e  j ' t h  i n d l l s t r y  i n  t h e  r ' t h  r e g i o n  f o r  t h e  v a r i e t y  None 
o f  t h e  i ' t h  commodlty i m p o r t e d  f rom t h e  s ' t h  r e g i o n .  

Demand by t h e  J ' t h  i n d u s t r y  i n  t h e  r ' t h  r e g i o n  f o r  t h e  v a r i e t y  o f  None 
t h e  i ' t h  commodity l m p o r t e d  f r a n  t h e  s ' t h  r e g i o n .  

s = 1 ,  .... n r t i ,  n  n  r~ ( n r + l )  c s r  Consumpt ion  i n  t h e  r ' t h  r e g i o n ,  by uay  o f  t h e  g ' t h  consumer  
i  = 1 .  ..., n,, commodi ty ,  o f  t h e  v a r l e t y  o f  t h e  i ' t h  p roduce r  commodity 
g  = 1 ,  ..., nc ,  Impor t ed  f rom t h e  s ' t h  r e g i o n .  
r = I ,  .... n r .  

None 

P r i c e  i n d e x  f o r  t h e  i ' t h  p r o d u c e r  commodity when consumed by way None 
o f  t h e  g ' t h  consumer  commodity i n  t h e  r % h  r e g i o n .  

n c n s n r  P r l c e  i ndex  f o r  t h e  composite i m p o r t e d  v a r i e t y  o f  t h e  i ' t h  None 
p r o d u c e r  commodity consumed by way o f  t h e  g ' t h  consumer  commodity 
i n  t h e  r ' t h  r e g l o n .  

n ~ r l s n r  C o n s ~ u n p t i o n  i n  t h e  r ' t h  r e g i o n ,  by uay  o f  t h e  g ' t h  consumer  
commodity.  o f  t h e  i ' t h  p r o d u c e r  commodlty.  

None 

Consumpt ion  i n  t h e  r ' t h  r e g i o n ,  by way o f  t h e  g ' t h  consumer  
commodl ty ,  o f  t h e  d o m e s t i c a l l y  p roduced  v a r l e t y  o f  t h e  i ' t h  
p r o d u c e r  commodity . 

( C o n t i n u e d )  



TABLE 2 : VARIABLES UNIQUE TO THE INTER-REGIONAL LINKING EXTENSIOW TO YALRAS ( C o n t i n u e d )  

V a r i a b l e  Subscr'l p t  r a n g e  Num bet' D e s c r i p t i o n  D e l e t e d  v a r i a b l e  

Pcl' i  = 1 .  .... n s ,  ncnsrlr. Consumpt ion  i n  t h e  r ' t h  r e g i o n ,  hy way o f  t h e  g ' t h  consumer 
L L I  

c I r  
g = I .  ..., n commodi ty ,  o f  t h e  c o m p o s i t e  impot'ted v a r i e t y  o f  t h e  i ' t h  p roduce r  LI 

C '  
r = 1 ,  ..., n r .  commodi t y  . 

n s ( n r + l )  2 E x p o r t s  o f  t h e  i ' t h  commodity f rom t h e  r ' t h  r e g i o n  t o  t h e  
s ' t h  r e g i o n .  

None 

 is) s = I  ,..., n r + l .  n , ( n , + ~ ) ~  Impor t s  o f  t h e  i ' t h  commodity f r m  t h e  s ' t h  r eg lo11  i n t o  t h e  IMP: 
i  = 1 ..... n,, r l t h  r e g i o n .  
r = I ,  ..., n r + l .  

n s ( n r + 1 ) 2  F o r e i g n  c u r r e n c y  LDF p r i c e  o f  I m p o r t s  of  t h e  i ' t h  commodity 
f rom t h e  s ' t h  r e g i o n  i n t o  t h e  r ' t h  r e g l o n .  

Consumpt ion  i n  t h e  r ' t h  r e g i o n  o f  t h e  v a r i e t y  o f  t h e  i ' t h  
commodity impor t ed  Cran t h e  s ' t h  r e g i o n .  

nsnr ( n r + l )  T a r i f f  o n  i m p o r t s  o f  t h e  i ' t h  commodity f rom t h e  s ' t h  r e g i o n  
i n t o  t h e  r l t h  r e g i o n .  

n , n r ( n r + l )  Change i n  s t o c k s  i n  t h e  r ' t h  r e g i o n  o f  t h e  v a r l e t y  o f  t h e  L ' t h  
commodity impor t ed  f rom t h e  s ' t h  r e g i o n .  

nsnr (nr  + 1 ) Government u sage  i n  t h e  r ' t h  r e g i o n  o f  t h e  v a r l e t y  o f  t h e  l a t h  
commodity i m p o r t e d  f rom t h e  5 1 t h  r e g i o n .  

nsnr (nr + 1 ) InvestmenL usage  i n  t h e  r ' t h  r e g i o n  o f  t h e  v a r i e t y  o f  t h e  i ' t h  
commodity i m p o r t e d  L'rom t h e  5 1 t h  r e g i o n .  

B a s i c  p r i c e  i n  t h e  r e g i o n  o f  t h e  v a r i e t y  o f  t h e  i ' t h  commodity 
i m p o r t e d  f rom t h e  s ' t h  r e g i o n .  

PC ir 

D; 

DSTOC ir 

GOvir 

I N V : ~  

, .,*:& ( C o n t i n u e d )  



TABLE 2 : VARIABLES UNIQUE TO THE INTER-REGIONAL LINKING EXTENSION TO WALRAS ( C o n t i r ~ u e d )  

V a r i a b l e  S u b s c r i p t  r a n g e  Number D e s c r i  p t i o n  D e l e t e d  v a r i a b l e  

i  = I ..... n,. 

nsnr ( n r + l )  P r i c e  p a i d  by h o u s e h o l d s  i n  t h e  r ' t h  r e g i o n  f o r  t h e  v a r i e t y  o f  
t h e  i ' t h  commodity i m p o r t e d  f rom t h e  s ' t h  r e g i o n .  

ns (nr  + 1 )  FOR p r i c e  o f  expo rLs  o f  t h e  i ' t h  commodity f rom t h e  r ' t h  r e g i o n .  
p'Ei 

nsnr P r i c e  p a i d  by h o u s e h o l d s  i n  t h e  r ' t h  r e g i o n  f o r  t h e  d o m e s t i c a l l y  
p roduced  v a ~ . i e t y  o f  t h e  i ' t h  commodity.  

I m p o r t s  i n t o  t h e  r e s t  of  t h e  u o r l d  of  t h e  c o m p o s i t e  i m p o r t e d  
v a r i e t y  o f  t h e  i ' t h  commodi t y .  

P r i c e  i n d e x  f o r  t h e  c o m p o s i t e  v a r i e t y  o f  t h e  i ' t h  commodity 
i m p o r t e d  i n t o  t h e  r e s t  of  t h e  u o r l d .  

None 

None 

1  P r i c e  of  i n t e r n a L i o n a 1  f r e i g h t .  None 



TABLE 3 : PAIUETEAS UNIQUE TO THE INTER-REGIONAL LINKING EXTENSION TO YALRAS 

Equa t i on  C o e f f i c i e n t  D e s c r i p t i o n  s o u r c e  

I n t e n s i t y  o f  t h e  c o m p o s i t e  impor t ed  v a r i e t y  o f  t h e  i ' t h  commodity u s e d  by C a l i b r a t i o n .  
t h e  j ' t h  i n d u s t r y  i n  t h e  r ' t h  r e g i o n ,  i n  t h e  v a r i e t y  i m p o r t e d  f rom t h e  s ' t h  
r e g i o n .  

E l a s t i c i t y  of s u b s t i t u t i o n  i n  i n t e r m e d i a t e  u s a g e  i n  t h e  r ' t h  r e g i o n  between E l a s t i c i t i e s  f i l e .  
v a r i e t i e s  o f  t h e  i ' t h  commodity i m p o r t e d  f rom d i f f e r e n t  r e g i o n s .  

I n p u t - o u t p u t  c o e f f i c i e n t  f o r  u s a g e  i n  c a p i t a l  c r e a t i o n  i n  t h e  r ' t h  r e g i o n  C a l i b r a t i o n .  
o f  t h e  v a r i e t y  of  t h e  i ' t h  canmodi ty  i m p o r t e d  f rom t h e  s ' t h  r e g i o n .  

I npu t -Ou tpu t  C o e f f i c i e n t  I n  t h e  r ' t h  r e g i o n  f o r  t h e  i ' t h  p r o d u c e r  commodity C a l l b r a t i o n .  
a n d  t h e  g ' t h  consumer commodity. 

I n t e n s i t y  o f  consumpt ion  i n  t h e  r ' t h  r e g i o n  o f  t h e  i ' t h  p r o d u c e r  commodity C a l i b r a t i o n .  
by way o f  t h e  g ' t h  conswoer  cmmodl  t y ,  i n  t h e  d o m e s t i c a l l y  p roduced  v a r i e t y  
o f  t h e  i  ' t h  p roduce r  commodity. 

I n t e n s i t y  o f  consumpt ion  i n  t h e  r ' t h  r e g i o n  o f  t h e  i ' t h  p r o d u c e r  commodity C a l i b r a t i o n .  
by way o f  t h e  g ' t h  consune r  commodity,  i n  t h e  c o m p o s i t e  impor t ed  v a r i e t y .  

E l a s t i c i t y  o f  s u b s t i t u t i o n  be tween t h e  d o m e s t i c a l l y  p roduced  a n d  c o m p o s i t e  C a l l b r a t i o n .  
impor t ed  v a r i e t i e s  of p r o d u c e r  c m o d i  t i e s ,  when consumed i n  t h e  r ' t h  
r e g i o n  by way o f  t h e  g ' t h  consumer commodity.  

I n t e n s i t y  o f  t h e  c o m p o s i t e  i m p o r t e d  v a r i e t y  o f  t h e  i ' t h  p roduce r  commodity C a l i b r a t i o n .  
consumed i n  t h e  r ' t h  r e g i o n  by way of t h e  g ' t h  consumer  commodity,  i n  t h e  
v a r i e t y  impor t ed  f rom t h e  s ' t h  r e g i o n .  

E l a s t i c i t y  o f  s u b s t i t u t i o n  be tween v a r i e t i e s  o f  a  p roduce r  commodity C a l i b r a t i o n .  
impor t ed  from d i f f e r e n t  r e g i o n s ,  when consumed i n  t h e  r ' t h  r e g i o n  by way o f  
t h e  g '  t h  corlsumer commodity . 

R a t i o  of  t h e  LDP p r i c e  of  e x p o r t s  from t h e  r ' t h  r e g i o n  t o  t h e  s ' t h  r e g i o n  C a l i b r a t i o n .  
t o  t h e  FOB p r i c e ,  i n  common c u r r e n c y  u n i t s .  

I n p u t - o u t p u t  c o e f f i c i e n t  f o r  t h e  v a r i e t y  o f  t h e  i ' t h  commodity i .mpor ted  C a l i b r a t i o n .  
f rom t h e  s ' t h  r e g i o n ,  and t o t a l  government  s p e n d i n g  o n  p r o d u c e r  commodi t ies  
i n  t h e  r ' t h  r e g i o n .  

I n p u t - o u t p u t  c o e f f  l c i e n t  f o r  t h e  v a r i e t y  o f  t h e  i ' t h  commodity i m p o r t e d  C a l i b r a t i o n .  
f rom t h e  s ' t h  r e g i o n  and changg i n  s t o c k s  i n  t h e  r ' t h  r e g i o n .  

( C o n t i n u e d  ) 



TABLE 3 : PARAMETERS W I W E  TO THE INTER-REGIONAL LINKING EXTENSION TO YALRAS (Cont'd) 

m u a t  i  o n  Coeff  l c l e n t  D e s c r i p t i o n  S o u r c e  

E l a s t i c i t y  o f  s u b s t i t u t i o n  be tween v a r i e t i e s  of t h e  I ' t h  commodi ty  i m p o r t e d  E l a s t i c i t i e s  f i l e .  
i n t o  t h e  r e s t  of  t h e  wor ld  f rom d i f f e r e n t  r e g i o n s .  

S h a r e  of  i n t e r n a t i o n a l  t r a n s p o r t  m a r g i n  i n  t h e  LDF p r i c e  o f  I m p o r t s  f r om C a l l b r a t i o n .  
t h e  s ' t h  r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

S h a r e  o f  t h e  FOB p r i c e  i n  t h e  LDF p r l c e  o f  i m p o r t s  f r a n  t h e  s ' t h  r e g i o n  C a l i b r a t i o n .  
I n t o  t h e  r ' t h  r e g i o n .  

( 3-27) A ~ r  S h a r e  of t h e  r ' t h  r e g i o n  i n  t o t a l  s u p p l y  o f  i n t e r n a t i o n a l  f r e i g h t .  Calibration. 

Average budge t  s h a r e  i n  t h e  r ' t h  r e g i o n  of  t h e  v a r i e t y  o f  t h e  i ' t h  
commodity Impor t ed  from t h e  s ' t h  r e g i o n .  

C a l i b r a t i o n .  

S h a r e  of  t h e  v a r l e t y  o f  t h e  i ' t h  commodity i m p o r t e d  f rom t h e  s ' t h  s o u r c e  I n  C a l i b r a t i o n .  
t o t a l  i m p o r t s  i n t o  t h e  r ' t h  r e g i o n .  



TABLE 4 : TllE LINEARISED EQUATIONS OF THE INTER-REGIONAL LINKING EXTENSION TO WALRAS 

Identifier E q u a t i o n  S u b s c r i p t  r a n g e a   umber,^ Descr' i p t  i o n  

2 
s = 1 . , r 1 ~ , + 1 ,  n n ( n r + l )  Demand by t h e  j ' t h  i n d u s t r y  i n  t h e  r ' t h  
i = I ,..., n s ,  

s r 
r e g l o n  f o r  t h e  v a r i e t y  o f  t h e  i ' t h  

j = 1 ,  ..., n,, commodity Impor t ed  f rom t h e  s ' t h  r e g i o n .  
r = I , .  . . ,nr. .  

i = 1 ..... n,. 2 n n 
3 r P r i c e  I n d e x  f o r  t h e  composite lmpor t ed  

j = 1 ,..., n s ,  v a r i e t y  o f  t h e  i ' t h  commodity u s e d  by t h e  
r = 1 ,  ..., n r .  j ' t h  I n d u s t r y  I n  t h e  r ' t h  r e g l o n .  

2 
s = 1 ,  .... n r +  1 ,  n n ( n r + l )  I n p u t - o u t p u t  c o e f f i c i e n t  f o r  u sage  by t h e  
i = 1 ,..., n s ,  

s r 
j ' t h  i n d u s t r y  i n  t h e  r ' t h  r e g l o n  o f  t h e  

j - l.....n,, v a r i e t y  of  t h e  I ' t h  commodity Impor t ed  
r = 1 .  .... n r .  f rom t h e  s ' t h  r e g i o n .  

s = I , .  . . , n r + l ,  nsnr ( n r + l )  I n v e s t m e n t  u s a g e  i n  t h e  r ' t h  r e g l o n  of 
1 = 1 ,.... n,, t h e  v a r l e t y  o f  t h e  i ' t h  commodity 
r = 1.  . . . . n r .  Impor t ed  f rom t h e  s ' t h  r e g l o n .  

g = I , .  . . .nc. ncnr P r i c e  of  t h e  g ' t h  consumer  commodity i n  
r = 1.  ..., "r . t h e  r ' t h  r e g i o n .  

I - 1 ,  .... n,. ncnsnr Consumpt ion  i n  t h e  r ' t h  r e g i o n  o f  t h e  
g = 1.  ..., n 

C '  i ' t h  p r o d u c e r  commodlty by .uay o f  t h e  
r = 1 ,  ..., n r .  g ' t h  consumer commodity.  

I - 1 ...., n,. n c n s n r  P r i c e  i n d e x  f o r  t h e  I ' t h  p r o d u c e r  
g = 1 .  -.-. nc.  commodity uhen consumed i n  t h e  r ' t h  
r = 1 .  ..., nr .  r e g i o n  by u a y  o f  t h e  g ' t h  corlsumer 

commodl t y . 
i = 1 ..... n,, n c n s n r  Consumpt lon  Ln t h e  r ' t h  r e g i o n  o f  t h e  
g = 1 ,  .... n 

C '  
d o m e s t l c a l l y  p roduced  v a r i e t y  o f  t h e  i ' t h  

r = 1 ,  ..., n r .  p r o d u c e r  commodi ty ,  by u a y  of  t h e  g ' t h  
consumer  commodi t y  . 

i = l ,  .... n,, ncn3nr Consumpt ion  i n  t h e  r ' t h  r e g i o n  o f  t h e  
g = I . . .  ..n 

C '  c o m p o s i t e  Impor t ed  v a r l e t y  o f  t h e  i ' t h  
r = I , . .  .. "r ' p r o d u c e r  commodity.  by u a y  o f  t h e  g ' t h  

consumer  commodi t y  . 
i = 1 ,  .. . .ns.  ncnsnr P r l c e  i ndex  f o r  t h e  c o m p o s i t e  Impor t ed  
g = 1 .  ..., n c ,  v a r i e L y  o f  t h e  i ' t h  p r o d u c e r  commodity 
r = 1 ,  ..., n r .  consumed i n  t h e  r l t h  r e g i o n  by u a y  o f  t h e  

g '  Lh consumer cornmodi t y .  

s = l , . . . . n r + l .  n c n s n r  Consumpt ion  i n  t h e  r ' t h  r e g i o n .  by u a y  of 
i = 1 ...., n,. t h e  g' Lh consumers commodity.  o f  t h e  
g = l . . . . . n c ,  ( n r + l )  v a r l e t y  o f  t h e  I ' t h  p r o d u c e r  commodity 
r = l . . . . . n r .  i m p o r t e d  f rom t h e  s ' t h  r e g i o n .  

i = 1 ,  .... n,, Consumption i n  Lhe r ' t h  r e g l o n  of '  Lhe 
r' = 1 .  .... n r .  d o m e s t i c a l l y  pr'otluced v a r i e L y  o f  t h e  I ' t h  

p roduce r  commodi t y  . 
- -  

( C o n t i n u e d )  
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TABLE 4 : THE LIWEARISED EWATIOWS OF THE INTEH-REGIONAL LINKING EXTENSION TO YAI.RAS ( C o n t i n u e d )  

l d e ~ l t i f  l e r  E q u d t i o n  Subsc1.i p t  r ange"   umber^ Descr'i p t i o n  

2  p, = F SMr - e lb r )  

I r  I r  + I r  
i n v I r  + sir I r  

(4.28)  impYis )  = ! S ~ ( i s ) j x ( i s ) j  I N V ( I S )  ( i s )   is) " i s  
J 

+ sir : sir 
G O V ( ~ S ) ~ O ~  ( i s )  DSTOC(i3) 

d s t o c I r  
( i s )  

( 4 . 32 )  d s tocTr  = ds tocTr  + d s t o c p i  
R 

I I  r 
4 - 3 3 )  ~ S ~ O E P I "  = PYr + 1 1 S S ( l s )  P ( i s )  

i  S  

D I  
+ 1 (SSi + 1 SS( i s ) ) t ; i  

i s 

(11.jl1) i m l T r =  I I 'CMp(is)  is) + i m p r  ( i s )  ) 
i  s 

i = l  n nsnr P r i c e  p a i d  by h o u s e h o l d s  i n  t h e  r ' t h  
r = I ...., n . .  r e g i o n  f o r  t h e  d o m e s t i c a l  1 y  p roduced  

v a r i e t y  o f  t h e  i ' t h  p r o d u c e r  commodi ty .  

S  = 1 , .  . . + n 3 n r + 1  P r i c e  p a i d  by h o u s e h o l d s  i n  t h e  r ' t t l  
i  = 1 ..... rl,, r e g i o n  f o r  t h e  v a r i e t y  o f  t h e  i ' t h  
r = 1 ,  ..., n r .  p roduce r  commodity i m p o r t e d  f rom t h e  

s ' t h  r e g i o n .  

P r l c e  o f  i n t e r n a t i o n a l  f r e l g h t .  

s = l . . . . . n r + l ,  n 3 n r ( n r + l )  Impor t s  o f  t h e  i ' t h  commodity f rom t h e  
I  = 1 ,  .... nso s ' t h  r e g i o n  I n t o  t h e  r ' t h  r e g i o n .  
r = I , . .  ., "r 

P u r c h a s e  p r i c e  o f  c a p i t a l  I n  t h e  r l t h  
r e g l o n .  

A g g r e g a t e  consumpt ion  e x p e n d i t u r e  i n  t h e  
r ' t h  r e g i o n .  

Consumer p r i c e  i n d e x  I n  t h e  r ' t h  r e g i o n .  

A g g r e g a t e  change  i n  s t o c k s  I n  t h e  r ' t h  
r e g i o n  a t  c u r r e n t  p r i c e s .  

P r i c e  i n d e x  f o r  change  I n  s t o c k s  i n  t h e  
r ' t h  r e g i o n .  

AgKregaLe i r npo r t s  I n t o  t h e  r ' t h  r e g i o n .  
a t  f o r e i g n  c u r r e n c y  LDF p r ' i c e s .  



BRb. fl r flF kIyEARISED q q T I O I I S  OF THE INTER-REGIOWAL LINKING EXTENSTON TO YALSAS ( C o n t ~ n u e d )  
-- - 

&- -. .-. -- 
i d e n t l f l e r  E q u d t l o n  s u b s c r l  p t  r a n g e B  ~ u m b e r ~  Descr  i p t  I on  

r = 1 ,  ..., n r .  "r P r i c e  i n d e x  f o r  i m p o r t s  I n t o  t h e  r ' t h  
r e g i o n .  

r r' 
( )  'L = i f ';D(ls) ( R i D ( l s )  d ; l s )  + er + 'MIIS)  imp;iS)) r = 1 ,.... n,. "r Government r e v e n u e  i n  t h e  r ' t h  r e g i o n  

+ 1 1 s;iij  if;^^ + tDr t pyr + xDr)  
j 1 

I j  1 j 

I  r 1r 
+ 1 1 1 s i f ; ( i S ) j  ( ~ i i i j  ti; + ' ( 13 )  + x ( ~ s ) j  1 

J l S  

I r  ' I r  I r  I r  
+ 

~ ~ ~ ( 1 3 )  ( R R ~ ( 1 3 )  t ~ i  ' P ~ ( 1 3 )  + P C ~ ( l S )  
I  s 

+ 1 siEi ( ~ i ~ ~  tLl + pyr t e:) 
I  

+ 1 s;Li (R;L1 tEi + ppr t govy r )  
I  

I  s 

+ s ~ ~ ,  tgi + ppr + d s t o c y r )  

I r  I r  

I s 

Dr 
- 1 SiBj  (RiBj  SL + p j  + q:) 

j 

a ns d e n o t e s  t h e  number of s e c t o r s  i n  e a c h  r e g i o n  i n  t h e  mode l .  nc d e n o t e s  t h e  number o f  consumer  commod i t i e s .  nr d e n o t e s  t h e  number o f  r e g i o n s .  



TABLE 5: PkMHETERS UNIQUE TO THE LINEARISED INTER-REGIMAL LINKING EXTENSIM TO YALRAS 

Equa t ion  Parameter  Description 

S h a r e  of t h e  v a r i e t y  impor t ed  from t h e  s ' t *  r e g i o n  i n  i n t e r m e d i a t e  usage 
e x p e n d i t u r e  o n  t h e  compos i t e  impor t ed  v a r i e t y  s f  t h e  i ' t h  commodity by t h e  
j l t h  i n d u s t r y  i n  t 3 e  r ' t h  r e g i o n .  

S h a r e  of t h e  i' t h  producer  commodity i n  consumption e x p e n d i t u r e  o n  t b e  g e t ? ,  
consumer commodity i n  t h e  r ' t h  r e g i o n .  

S h a r e  of t h e  d m e s t i c a l l y  produced v a r i e t y  i n  consumption e x p e n d i t u r e  o n  t h e  
i ' t h  p roduce r  commodity by way o f  t h e  g ' t h  consumer commodity i n  t h e  r ' t h  
r e g i o n .  

Cig 
Sha re  of t h e  compos i t e  impor t ed  v a r i e t y  i n  consumption e x p e n d i t u r e  on t h e  
i ' t h  p roduce r  commodity by way of t h e  g ' t h  consumer commodity i n  t h e  r ' t h  
r e g i o n .  

Sha re  o f  t h e  v a r i e t y  impor t ed  from t h e  s ' t h  r e g i o n  i n  consumption e x p e n d i t u r e  
on t h e  compos i t e  impor t ed  v a r i e t y  o f  t h e  i ' t h  p roduce r  commodity by way o f  
t h e  g t t h  consumer CC.mmOdity i n  t h e  r ' t h  r e g i o n .  

S h a r e  of consumption by way o f  t h e  g t t h  consumer commodity i n  consumption o f  
t h e  d o m e s t i c a l l y  produced v a r i e t y  of t h e  i '  t h  p roduce r  commodity i n  t h e  r ' t h  
r e g i o n .  

S h a r e  o f  consumption by way o f  t h e  g ' t h  consumer commodity i n  consumpti9n o f  
t h e  v a r i e t y  of t h e  i ' t h  producer  commodity impor t ed  from t h e  s ' t *  r e g i o n  i r .  
t h e  r ' t h  r e g i o n .  

Sha re  of t h e  s ' t h  r e g i o n  i n  e x p o r t s  of t h e  i ' t h  commodity from t h e  r ' t h  
r e g i o n .  

( 4 . 1 6 )  '$is) Sha re  o f  t h e  v a r i e t y  o f  t h e  i ' t h  commodity impor t ed  from t h e  q h  r e g i o n  ir. 
government e x p e n d i t u r e  o n  producer  commodit ies  i n  t h e  r ' t h  r e g ?  on .  

S h a r e  of t h e  s t t h  r e g i o n  i n  t h e  LDF v a l u e  of impor t s  of t h e  i ' t h  commodit) 
i n t o  t h e  r e s t  of t h e  wor ld .  

( 4 . 2 2 )  S h a r e  of t h e  FOB v a l u e  i n  t h e  LDF v a l u e  of i m p o r t s  of t h e  i ' t b .  commodity i r ~ s  
t h e  r ' t h  r e g i o n .  

( 4 . 2 2 )  ';(is) Sha re  of i n t e r n a t i o n a l  f r e i g h t  i n  t h e  LDF v a l u e  o f  impor t s  s f  t b e  i ' t h  
commodity i n t o  t h e  r ' t b  r e g i o n .  

( 4 . 2 7 )  %r S h a r e  of s u p p l y  by t h e  r t t h  r e g i o n  i n  t h e  v a l u e  of i n t e r n a t i o n a l  f r e i g h t .  

Sha re  o f  i n t e r m e d i a t e  usage by t h e  j ' t h  i n d u s t r y  i n  i m p o r t s  cf t h e  i ' t h  
commodity from t h e  s ' t h  r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

( 4 . 2 8 )  Ir 
S ~ ~ ~ ( i s )  

S h a r e  of i nves tmen t  u sage  i n  i m p o r t s  of t h e  i ' t h  commodity from t h e  s ' t h  
r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

S h a r e  of consumption i n  impor t s  of t h e  i ' t h  commodity from t 3 e  s ' t h  r e g i o n  
i n t o  t h e  r ' t h  r e g i o n .  

( 4 . 2 8 )  ~ g V ( i s )  
S h a r e  of government u sage  i n  impor t s  o f  t h e  i ' t h  commodity fr9m t h e  s ' + h  
r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

( 4 . 2 8 )  S~ZTOC ( i s  ) 
S h a r e  of change i n  s t o c k s  i n  i m p o r t s  of t h e  i ' t h  commodity Prom t h e  s ' t h  
r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

S h a r e  of t h e  v a r i e t y  of t h e  i ' t h  commodity impor t ed  from t h e  s ' t h  r e g i o n  i n  
t h e  p u r c h a s e  p r i c e  of c a p i t a l  i n  t h e  r ' t h  r e g i o n .  

S h a r e  of t h e  v a r i e t y  of t h e  i ' t h  commodity impor t ed  from t h e  s ' t i l  r e g i o n  i n  
consumption e x p e n d i t u r e  i n  t h e  r ' t h  r e g i o n .  

S h a r e  o f  t h e  v a r i e t y  of t h e  i ' t h  commodity impor t ed  from t3.s s ' t h  r eg io r ,  i n  
i n v e n t o r y  inves tmen t  e x p e n d i t u r e  i n  t h e  r ' t h  r e g i o n .  

S h a r e  of i m p o r t s  of t h e  i ' t h  commodity from t h e  s ' t h  r e g i o r ,  i c  t h e  LDF v a l u e  
of impor t s  i n t o  t h e  r t t h  r e g i o n .  

( 4 . 3 6 )  ' kD( i s )  S h a r e  of d u t y  o n  impor t s  of t h e  i ' t h  commodity from t h e  sf::  r e g i s n  i n  
government r evenue  i n  t h e  r ' t h  r e g i o n .  

( 4 . 3 6 )  ' kD( i s )  R a t i o  o f  t h e  power of t h e  t a r i f f  t o  t h e  t a r i f f  r a t e  o n  i.?,:cr:s of t h e  i ' t ?  
commodity from t h e  s ' t h  r e g i o n  i n t o  t h e  r ' t h  r e g i o n .  

( 4 . 3 6 )  S h a r e  of t a x  o n  i n t e r m e d i a t e  u sage  by t h e  j ' t h  i n d u s t r y  1 7  : -2  v a r i e t y  of th.e 
i ' t h  commodity impor t ed  from t h e  s ' t h  r e g i o n  i n  gove r rzez :  -5-enue i n  t h e  
r g t h  r e g i o n .  



TABLE 5 :  P A R M E T E R S  U N I W E  TO THE L M E A R I S E D  INTER-REGIONAL L M K I N G  m E N S I O N  TO YALRAS ( C o n t i n u e d ;  

Squat i o n  Par m e t e r  D e s c r i p t i o n  

S h a r e  of t a x  o n  consumpt ion  of t h e  v a r i e t y  3f  t h e  i ' t h  c m m o d i t y  impor t ed  
f rom t h e  s ' t h  r e g i o n  i n  government  r e v e n u e  i n  t h e  r ' t h  r e g i o n .  

S h a r e  o f  t a x  o n  government  u s a g e  o f  t h e  v a r i e t y  o f  t h e  i ' t h  c m m o d i t y  
i m p o r t e d  f rom t h e  s ' t h  r e g i o n  i n  government  r e v e n u e  in t h e  ? ' t h  r e g i o n .  

S h a r e  of t a x  o n  change  i n  s t o c k s  o f  t h e  v a r i e t y  o f  t h e  i ' t h  commodity 
i m p o r t e d  Prom t h e  s ' t h  r e g i o n  i n  government  r e v e n u e  i n  t h e  r ' t h  r e g i o n .  
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