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Abstract 
 

This paper aims at constructing national currency-based international input-output 
tables in constant prices and developing the theoretical framework of a national 
currency-based international input-output model.  Similar to most multi-sectoral models, 
the model has micro foundations.  Departing from perfect competition, however, 
international oligopolistic competition in price is incorporated.  Since the model is a 
global model based on national currencies, we can apply it not only to analyze global 
economic issues such as global warming and international trade but also to evaluate 
national economic policies such as monetary and fiscal policies within a unified 
international framework.  In these respects, the model is quite unique and can provide a 
new approach to empirical economic analysis. 
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1.  Introduction 

This paper constructs national currency-based international input-output tables in constant prices 

and presents the theoretical structure of a national currency-based international input-output model. 

Since World War II, economic interdependence of nations has been strengthened through trade 

and investment.  Project LINK is a pioneering global macroeconometric model which quantifies 

the effects of economic policies and/or changes in exogenous economic environment on the world 

economy.1  Subsequently, many institutions and scholars construct multi-county 

macroeconometric models such as the International Monetary Fund’s Global Economy Model 

(Pesenti, 2008), Fair’s (1994) Multi-Country Model, Taylor’s (1993) Multi-Country Model, and so 

on.  However, trade is transactions of goods and the degree of globalization differs sector by 

sector.  Therefore, global macroeconometric models are not necessarily adequate.  Instead, 

global models at sector level is more appropriate for analyzing the current world economy.  

Regarding multi-country multi-sectoral models, the following four types of models have been 

developed: 1) computable general equilibrium (CGE) model such as the Michigan model 

(Deardorff and Stern, 1986), the GTAP model (Hertel, 1996) and the G-Cubed model (McKibbin 

and Wilcoxen, 1999)2, 2) the INFORUM system which interlinks national input-output models 

with a trade linkage model (Almon, 1991; Uno, 2002), 3) single-period international input-output 

                                                       
1 Project LINK, initiated in 1968 by Professor Lawrence Klein, is currently maintained at the United 

Nations. 

2 Among these example models, parameters of the G-Cubed model are econometrically estimated. 
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model (Torii et al. 1989; Kosaka, 1994; Yano and Kosaka, 2003), and 4) price-linked international 

input-output model (Yano and Kosaka, 2008).  However, the first three models have 

shortcomings: a typical CGE model lacks statistical foundations of parameters; the INFORUM 

system might have inconsistency between classifications in input-output tables and trade matrix; a 

single-period international input-output model has limitations in specifications and estimation of 

behavioral equations due to the use of only a single-period international input-output table.  A 

price-linked international input-output model improves the flaws of these three model, yet it has a 

drawback: that is, a currency problem.  The currency problem is inconsistency among national 

currencies and a unified currency applied in international input-output tables.  Economic agents 

(including policy makers) make their decisions by focusing on economic performance of their 

economies in their currencies rather than a foreign currency.  However, international input-output 

tables are denominated in a specific currency.  This shows that we must build a national 

currency-based model in order to analyze economic issues.  To do this, this paper shows an 

approach to compile international input-output tables in constant prices and national currencies.  

In addition, the structure of a national currency-based international input-output model is also 

presented.  Holding statistical foundations of parameters and consistency between classifications 

of industry and trade, the national currency-based international input-output model enables us to 

analyze global and sectoral effects effects of each economy’s policies.  

The rest of this paper consists of three sections.  Section 2 illustrates the method to construct 

national currency-based international input-output tables in constant prices.  Section 3 presents 

 3



the model structure.  Finally, section 4 provides concluding remarks. 

 

 

2.  Construction of National Currency-Based International Input-Output Tables 

in Constant Prices 

2.1 The Structure of an International Input-Output Table 

A national currency-based international input-output model is built on national currency-based 

international input-output tables in constant prices.  Since most international input-output tables 

are in current prices and denominated in a specific currency, it is imperative to transform them into 

the tables in constant prices and denominated in national currencies.  Although our approach to 

construct the tables of interest can be applied to any international input-output tables which are 

complied for at least two years, we explain the procedure by using the Asian International 

Input-Output Table as a benchmark.   

The Asian International Input-Output Table covers the ten economies (Indonesia, Malaysia, the 

Philippines, Singapore, Thailand, China, Taiwan, South Korea, Japan, the United States) and is 

available for the years 1985, 1990, 1995, and 2000 (Institute of Developing Economies 1993, 1998, 

2001; Institute of Developing Economies-Japan External Trade Organization 2006a, 2006b).  

Figure 1 shows the structure of the 2000 Asian International Input-Output Table.3  Its fundamental 

                                                       
3 The structure of the tables for the other years is slightly different from that for the year 2000.  For 

details, see Institute of Developing Economies (1993, 1998, 2001) and Institute of Developing 
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structure is the same as that of a single country input-output table: however, exports to and imports 

from the third world as well as trade related variables (i.e., international freight and insurance plus 

import duties) are added.  It is worth noting that final demand (F) is further disaggregated into the 

following sub-categories: private consumption (CP), government consumption (CG), investment 

(IN), and inventories (IV).  For later purpose, an international input-output table is split into the 

following four parts as in Figure 2: Part A for intermediate goods, Part B for final demand, exports 

to the third world, and statistical discrepancies, Part C for output, and Part D for value added. 

 

Figures 1 and 2 

 

 

2.2 Currency Conversion 

International input-output tables are typically denominated in a single currency: e.g., the Asian 

International Input-Output Tables for the four years are evaluated in U.S. dollars.  In contrast, 

national currency-based international input-output tables consist of variables in currencies h 

(economy which supplies goods) and k (economy which consumes goods).  Following the double 

deflation technique, intermediate goods (Part A of Figure 2), final demand, exports to the third 

world, statistical discrepancies (Part B of Figure 2), and output (Part C of Figure 2) are 

denominated in currency h.  On the contrary, value added (Part D of Figure 2) is converted into 

                                                                                                                                                               
Economies-Japan External Trade Organization (2006a, 2006b). 
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that in currency k.  In order to hold the consistency between the summation of inputs and demands, 

intermediate goods (Part A of Figure 2) are evaluated by currency k as well: i.e., we have two sets 

of intermediates (one is evaluated by currency h and the other is by currency k).  Consequently, 

the following five parts should be obtained: 1) intermediates evaluated by currency h, 2) 

intermediates evaluated by currency k, 3) final demand, exports to the third world, and statistical 

discrepancies evaluated by currency h, 4) output evaluated by currency h, and 5) value added 

evaluated by currency h. 

 

2.3 Deflation 

In order to deflate an input-output table, the double deflation technique is normally applied.  By 

contrast, Hoen (2002) develops a different deflating procedure which uses the RAS method.  As 

Hoen (2002) points out, his approach would be more proper than double deflation.  However, the 

RAS approach requires various data in constant prices in advance of deflation.  According to 

Hoen (2002, p.78), the following data in constant prices are required for deflating international 

input-output tables: sectoral output, sectoral exports to and imports from the third world, sectoral 

value added, and totals of final demand components of each economy which consists the 

corresponding tables.  On many occasions, it is not easy to obtain the required data even for 

developed countries.  Therefore, we employ Yano and Kosaka’s (2008) simpler approach which 

uses the principles of double deflation.  The double deflation method requires price data for each 

sector and economy prior to deflation: however, it is rare to find proper set of these data.  Viewing 
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sectoral GDP deflator as the corresponding sector’s value added deflator in the international 

input-output framework, Yano and Kosaka (2008) obtain sectoral price equations of all economies 

by backtracking the double deflation method and compute the values by solving the system of the 

resultant price equations.  

 

2.4 The Detailed Procedure  

The procedure of constructing national currency-based international input-output tables in constant 

prices is described as follows: 

 

Step 1: Unification of sector classification 

Sector classifications of international input-output tables and GDP deflators are not always 

identical.  Therefore, we unify the sector classifications of these data, if necessary. 

 

Step 2: Construction of international input-output tables in current prices and national currencies 

Prior to deflating international input-output tables, we construct those in current prices and national 

currencies.  Expressions of currency conversions are presented in Table 1.  It is worth noting that 

intermediate goods in currency k are computed by converting intermediate goods in currency h into 

those in currency k since international input-output tables are deflated by currency h. 

 

Table 1 
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Step 3: Computation of sectoral prices by using the corresponding sector’s GDP deflators 

Following double deflation, value added deflator is written as: 
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where  is value added deflator in sector j of economy k,  is output in sector j of 

economy k in current prices and currency k,  is good i in sector j of economy k delivered 

from economy h in current prices and currency k,  is exports to the European Union in sector 

j of economy k in current prices and currency k,  is exports to Hong Kong in sector j of 

economy k in current prices and currency k,  is exports to the rest of the world in sector j of 

economy k in current prices and currency k,  is price in sector j of economy k,  is good 

i in sector j of economy k delivered from economy h in current prices and currency h,  is price 

in sector i of economy h,  is the base-year exchange rate of economy k,  is the base-year 

exchange rate of economy h, and 
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Stacking equation (2) of all sectors and economies and solving the resultant simultaneous system 

give values for sectoral prices of all economies in national currencies. 

 

Step 4: Deflation of international input-output tables in current prices and national currencies 

Applying the double deflation technique, we deflate intermediate goods, final demand components, 

exports to the third world, statistical discrepancies, and output at the sector level by using the 

corresponding sector’s price obtained in the previous step.  Expressions for deflation of variables 

are presented in Table 1.  Intermediate goods in currency k are deflated by using intermediate 

goods in constant prices and currency h as: 
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where  is good i in sector j of economy k delivered from economy h in constant prices and hk
ijXKR
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currency k and  is good i in sector j of economy k delivered from economy h in constant 

prices and currency h. 

hk
ijXHR

 

3.  The Model Structure 

The fundamental structure of the models follows Yano and Kosaka (2008).  Sectoral output is 

determined by the summation of intermediate and final demands, exports to the third world, and 

statistical discrepancies.  Applying a modified model of consumer behavior in Ballard et al. 

(1985), we endogenize sectoral private consumption among final demand components.  In 

contrast, sectoral price is explained by international price competition of firms.  Sectoral output 

and price are concurrently determined.  In this section, using the variables and notations in the 

Asian International Input-Output Tables in constant prices and national currencies, we describe the 

structure of a national currency-based international input-output model.  Note that we consider the 

case where international input-output tables have n sectors and r economies. 

 

3.1 Producer Behavior  

Consider the following international oligopolistic competition in price:4  

1) a single firm produces a differentiated good in sector j of economy k, 

2) firms in sector j of all economies (i.e., r firms) compete in price within the international market 

                                                       
4 Due to recent theoretical developments, several multi-country multi-sectoral models apply imperfect 

competition.  See, for example, Swaminathan and Hertel (1996) and Francois (1998). 
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of good j. 

Thus, we have n international markets in total and there are r firms in each market.  Under this 

framework, derived demands and price at the sector level of all economies are explained.5

 

3.1.1 Sectoral Price 

In order to produce a differentiated good, a firm employs intermediate goods and labor as inputs.  

Assume that the firm in sector j of economy k has the following Cobb-Douglas cost function with 

economies of scale: 
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where  is cost function of the firm in sector j of economy k,  is an efficiency parameter in 

production function of the firm in sector j of economy k,  is output in sector j of economy k 

in currency k,  is the wage rate in sector j of economy k, 
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5 Diewert and Fox (2004) are helpful for the derivations in this subsection. 
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and qk
lj

qk
ljqk

l XKR

XK
P = .6  Profit maximization problem of the firm in sector j of economy k is written 

as: 
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where  and  is price for savings of economy k.( hk
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Rearranging equation (7), we obtain the following the inverse elasticity rule: 
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where 
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Hence, price in sector j of economy k is expressed as: 
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where  is the markup factor in sector j of economy k.  As we show the expression, price in 

sector i of economy h in currency k is explained as: 
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3.1.2 Derived Demands 

The Shephard’s lemma respectively yields intermediate and labor demands as:  
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Good i delivered from economy h to sector j of economy k in current and constant prices as well as 

currency h are respectively given by: 
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3.2 Household Behavior  

Household behavior of the model is a slight modification of Ballard et al. (1985).  Major 

dissimilarities are following aspects: 1) our model explains only private consumption: i.e., 

determination of labor supply is omitted and 2) consumption-savings decision is made by 

maximizing a Cobb-Douglas utility function, not a constant-elasticity-of-substitution (CES) utility 

function.8  In our framework, current consumption and savings are determined in the first stage 

whereas current consumption is further disaggregated into consumption by sector and economy. 

  

 

3.2.1 Consumption-Savings Decision 

A representative household in economy k splits its income into consumption and savings by solving 

the following utility maximization problem as: 
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8 In order to prevent from using the saving elasticity for the calibration of parameters in household 

behavior, we adopt nested Cobb-Douglas utility functions.  

 15



 

subject to 
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where  is the Lagrange multiplier of economy k, we obtain the following first-order necessary 

conditions: 
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Manipulating these first-order necessary conditions respectively yields current and future 

consumptions of economy k as: 
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Substituting equation (27) into equation (20) gives savings of economy k as:  
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3.2.2 Consumption by Sector and Economy 

The household in economy k determines its consumption by sector and economy by solving the 

following optimization problem: 
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The Lagrangian for the second stage utility maximization of the household in economy k can be 

expressed as: 
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11 Due to the principles of double deflation, price for  equals . hk

iCPKR hk
iP

12 Import duties levied on final demand components are omitted since they do not involve in the 

determination of sectoral output and price. 
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where  is the Lagrange multiplier.  Solving this problem, we obtain the following first-order 

necessary conditions: 

kψ
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ψλ = ,   h = 1, 2, … r; i = 1, 2, …, n    (32) 
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Consequently, consumption in sector i of economy k delivered from economy h in constant prices 

and currency k is given by: 
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Substituting equation (34) into equation (29) of this problem yields the price for 
k

CPKR .   

Using the identity that 
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kk

SK
k CPKRPSKRPYIK =− , we have 
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3.2.3 Household Income and Its Deflator  

Wages of economy k in currency k explains household income of economy k in currency k as: 
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k
j

k
j

kk LwYIKYIK   (36) 

 

The deflator for household income of economy k in currency k is determined by the weighted 

average of sectoral prices of economy k (i.e., price for savings of economy k) as: 
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k
YIK

k
YIK PPP =   (37) 

 

 

3.2.5 Consumption in Currency h 

Although private consumption determined in this section are denominated in currency k, we need 

them in currency h so as to determine sectoral output which is denominated in currency h.  The 

conversion can be carried out as: 
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and 

 

h
i

hk
ihk

i P
CP

CPR =   (39) 

 

where  is private consumption in sector i of economy k delivered from economy h in current 

prices and currency h and  is private consumption in sector i of economy k delivered from 

economy h in constant prices and currency h. 

hk
iCP

hk
iCPR

 

 

3.3 Sectoral Output  

Sectoral output is determined by summing up the corresponding intermediate and final demands as: 
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where  is output in sector i of economy h in constant prices and currency h,  is 

government consumption in sector i of economy k delivered from economy h in constant prices and 

currency h,  is investment in sector i of economy k delivered from economy h in constant 

prices and currency h,  is inventories in sector i of economy k delivered from economy h in 

h
iXXR hk

iCGR

hk
iINR

hk
iIVR

 22



constant prices and currency h,  is exports to the third world in sector i of economy h in 

constant prices and currency h, and  is statistical discrepancies in sector i of economy h in 

constant prices and currency h.

h
iEXR

h
iQR

13  Note that final demand components (in exception to private 

consumption) are exogenous in the model. 

 

 

3.4 Sectoral Wage Rate  

Following Yano and Kosaka (2008), the sectoral wage rate is explained by a slight modification of 

McKibbin and Nguyen (2004, p.47) as:  
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where  is the wage rate in sector j of economy k,  is the expected consumer price of 

economy k,  is a parameter of economy k, and  is a parameter on sectoral labor 

productivity in sector j of economy k. 

k
jw kEPC

kβ k
jξ

 

 

4.  Concluding Remarks 

                                                       
13 Note that . h

i
h
i

h
i

h
i EWREOREGREXR ++=

 23



In this paper, we construct national currency-based international input-output tables in constant 

prices and develop the theoretical structure of a national currency-based international input-output 

model.  Analogous to most multi-country multi-sectoral models, the model has micro foundations: 

i.e., expressions for producer behavior and household behavior come from profit and utility 

maximization, respectively.  Additionally, the model includes international price competition.   

Since the model is one of the global model, we can apply it to analyze global economic issues 

such as global warming and international trade.  Moreover, since the model is national 

currency-based, it enables us to evaluate national economic policies such as monetary and fiscal 

policies within a unified international framework.  In these respects, the model is quite unique and 

can provide a new approach to empirical economic analysis.  In order to apply the model to 

economic problems, further work such as estimation and testing of the model is necessary.  This is 

our next research topic. 
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Figure 1: The Structure of the 2000 Asian International Input-Output Table 
 
    Intermediate demand (X) Final demand (F) Export (E)     
    I                       M P S T C N K J U I M P S T C N K J U EG EO EW Q XX

I XII XIM XIP XIS XIT XIC XIN XIK XIJ XIU FII FIM FIP FIS FIT FIC FIN FIK FIJ FIU EGI EOI EWI QI XXI

M XMI XMM XMP XMS XMT XMC XMN XMK XMJ XMU FMI FMM FMP FMS FMT FMC FMN FMK FMJ FMU EGM EOM EWM QM XXM

P XPI XPM XPP XPS XPT XPC XPN XPK XPJ XPU FPI FPM FPP FPS FPT FPC FPN FPK FPJ FPU EGP EOP EWP QP XXP

S XSI XSM XSP XSS XST XSC XSN XSK XSJ XSU FSI FSM FSP FSS FST FSC FSN FSK FSJ FSU EGS EOS EWS QS XXS

T XTI XTM XTP XTS XTT XTC XTN XTK XTJ XTU FTI FTM FTP FTS FTT FTC FTN FTK FTJ FTU EGT EOT EWT QT XXT

C XCI XCM XCP XCS XCT XCC XCN XCK XCJ XCU FCI FCM FCP FCS FCT FCC FCN FCK FCJ FCU EGC EOC EWC QC XXC

N XNI XNM XNP XNS XNT XNC XNN XNK XNJ XNU FNI FNM FNP FNS FNT FNC FNN FNK FNJ FNU EGN EON EWN QN XXN

K XKI XKM XKP XKS XKT XKC XKN XKK XKJ XKU FKI FKM FKP FKS FKT FKC FKN FKK FKJ FKU EGK EOK EWK QK XXK

J XJI XJM XJP XJS XJT XJC XJN XJK XJJ XJU FJI FJM FJP FJS FJT FJC FJN FJK FJJ FJU EGJ EOJ EWJ QJ XXJ
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U XUI XUM XUP XUS XUT XUC XUN XUK XUJ XUU FUI FUM FUP FUS FUT FUC FUN FUK FUJ FUU EGU EOU EWU QU XXU

B      BAI BAM BAP BAS BAT BAC BAN BAK BAJ BAU BFI BFM BFP BFS BFT BFC BFN BFK BFJ BFU

G      GAI GAM GAP GAS GAT GAC GAN GAK GAJ GAU GFI GFM GFP GFS GFT GFC GFN GFK GFJ GFU

O      OAI OAM OAP OAS OAT OAC OAN OAK OAJ OAU OFI OFM OFP OFS OFT OFC OFN OFK OFJ OFU

W      WAI WAM WAP WAS WAT WAC WAN WAK WAJ WAU WFI WFM WFP WFS WFT WFC WFN WFK WFJ WFU

D      DAI DAM DAP DAS DAT DAC DAN DAK DAJ DAU DFI DFM DFP DFS DFT DFC DFN DFK DFJ DFU

WS WSI WSM WSP WSS WST WSC WSN WSK WSJ WSU                
YC                YCI YCM YCP YCS YCT YCC YCN YCK YCJ YCU

DP DPI DPM DPP DPS DPT DPC DPN DPK DPJ DPU                

V
al

ue
 a

dd
ed

 

IT                ITI ITM ITP ITS ITT ITC ITN ITK ITJ ITU

Output XXI XXM XXP XXS XXT XXC XXN XXK XXJ XXU                
                           
Note: I is Indonesia, M is Malaysia, P is the Philippines, S is Singapore, T is Thailand, C is China, N is Taiwan, K is South Korea, J is Japan, U is the United States, EG is exports to 
Hong Kong, EO is exports to the European Union, EW is exports to the rest of the world, Q is statistical discrepancies, B is international freight and insurance, G is imports from Hong 
Kong, O is imports from the European Union, W is imports from the rest of the world, D is import duties, WS is wages and salaries, YC is operation surplus, DP is depreciations, and IT 
is indirect taxes less subsidies. 
Source: Institute of Developing Economies-Japan External Trade Organization (2006b). 
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Figure 2: Partitions of International Input-Output Tables 
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Table 1: Variables of National Currency-Based International Input-Output Tables in Constant Prices 
 
Part    Description Variables in U.S. Dollars Variables in Currency h Variables in Currency k 
A  Intermediate good (nominal) hk

ijX $  hhk
ij

hk
ij eXXH ×= $  ( )hkhk

ij
hk
ij eeXHXK ×=  

  Intermediate good (real)
 h

i
hk
ij

hk
ij PXHXHR =  ( )** hkhk

ij
hk
ij eeXHRXKR ×=  

     
B Private consumption (nominal) hk

iCP$  hhk
i

hk
i eCPCP ×= $   

 Private consumption (real) 
 h

i
hk

i
hk
i PCPCPR =   

 Government consumption (nominal) hk
iCG$  hhk

i
hk
i eCGCG ×= $   

 Government consumption (real) 
 h

i
hk
i

hk
i PCGCGR =   

  

  

Investment (nominal) hk
iIN$  hhk

i
hk
i eININ ×= $   

Investment (real)
 h

i
hk
i

hk
i PININR =   

  

  

Inventories (nominal) hk
iIV $  hhk

i
hk

i eIVIV ×= $   

Inventories (real)
 h

i
hk

i
hk
i PIVIVR =   

 Exports to Hong Kong (nominal) h
iEG$  hh

i
h
i eEGEG ×= $   

 Exports to Hong Kong (real) 
 h

i
h
i

h
i PEGEGR =   

 Exports to the European Union (nominal) h
iEO$  hh

i
h
i eEOEO ×= $   
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 Exports to the European Union (real) 
 h

i
h
i

h
i PEOEOR =   

 Exports to the ROW (nominal) h
iEW$  hh

i
h

i eEWEW ×= $   

 Exports to the ROW (real) 
 h

i
h

i
h
i PEWEWR =   

  

  

Statistical discrepancies (nominal) h
iQ$  hh

i
h
i eQQ ×= $   

Statistical discrepancies (real)
 h

i
h
i

h
i PQXQR =   

     
  

  

C Output (nominal) h
iXX $  hh

i
h
i eXXXX ×= $   

Output (real)
 h

i
h
i

h
i PXXXXR =   

     

  

  

  

D International freight and insurance (nominal) k
jBA$   kk

j
k
j eBABA ×= $  

 Imports from Hong Kong (nominal) k
jGA$   kk

j
k
j eGAGA ×= $  

 Imports from the European Union (nominal) k
jOA$   kk

j
k
j eOAOA ×= $  

 Imports from the ROW (nominal) k
jWA$   kk

j
k
j eWAWA ×= $  

Import duties (nominal) k
jDA$   kk

j
k
j eDADA ×= $  

Wages (nominal) k
jWS$   kk

j
k
j eWSWS ×= $  

 Operating surplus (nominal) k
jYC$   kk

j
k
j eYCYC ×= $  

Depreciations (nominal) k
jDP$   kk

j
k
j eDPDP ×= $  
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 Indirect tax less subsidies (nominal) k
jIT$   kk

j
k
j eITIT ×= $  

Note: ROW denotes rest of the world,  is price in sector i of economy h,  is the exchange rate of economy h, and  is the base-year exchange rate of 

economy h. 
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Appendix A: Estimation of Household Income and Savings 

Household income is estimated by applying the method in Yano and Kosaka (2008).  For 

reference purposes, this appendix is drawn from Yano and Kosaka (2008). 

Although international input-output tables provide wages, wages are not sufficient for income 

data.  Since income of workers other than employees is a fraction of operating surplus in 

international input-output framework, it is required to add this part to wages.  To do so, we 

estimate a modified version of consumption function in Klein’s (1950) Model I which is written as:   
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where  is wages in sector j of economy k in currency k,  is operating surplus in sector j 

of economy k in currency k, and 
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We can interpret the parameter  and numerator of equation (A2) as the average propensity to kc1
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consume and nominal income, respectively,  Hence, nominal income of economy k in currency k 

can be written as: 
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Since savings equal income less total consumption, we can express savings as: 
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where  is savings of economy k in current prices and currency k. kSK

 

 

Appendix B: Derivation of the Cost Function 

A firm in sector j of economy k solves the following cost minimization problem:  
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The Lagrangian can be set up as: 
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The first-order necessary conditions are:  
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Combining equations (A8) and (A9) yields:  
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Manipulating equation (A9), we also have:  
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Solving equation (A12) for  gives: hk
ijXKR
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Substituting equation (A13) into equation (A11) and rearranging the resultant yields:  

 

( )
( )

( ) qk
ljk

j

qk
lj

k
l

qk
lj

k
jk

j XKR
w

Pt

X

L
L

+
=

1

α

α
 (A14) 

 

Substituting equations (A13) and (A14) into equation (A10) gives:  
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Subsequently, the expression for  can be obtained by rearranging equation (A15) as:  qk
ljXKR
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where .  Substituting equation (A16) into (A14) yields the expression 

for labor demand in sector j of economy k as:   
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Replacing, respectively, the subscripts h and i with q and l of equations (A16) and (A17) and 

substituting the resultant into equation (A5) gives the following cost function:  
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