G-SEC WORKING PAPER No.29

Multi-Country and Multi-Sector Modeling
for the World Economy

Hiroyuki Kosaka'

April, 2011

Abstract

This paper intends to formulate multi-country and multi-sector model for the Asian
International Input Output system of Institute of Developing Economies from micro
foundation; a) households maximize their utility functions under budget constraint, b)
producers maximize their profits, resulting in yielding factor demands of materials and
labors, and sector prices via conjectural variation which was originated by R.Frisch. In
environment of multi-country(R countries exist) and multi-sector (N sectors exist), we
have N international oligopolistic markets of differentiated commodities supplied by R
producers. Model system described above is demand oriented.
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1. Introduction

After the World War 1l, econometricians have trigml construct macroeconometric
models mainly in the US. After the Vietnam War, fivet oil shock struck the world
economy resulting in mess. Reflecting such a sanat has been changing the world of
academism at the same time.

Following such a tendency, the first movemeneodnomic modeling post 1970s is
marked by Lucas critique in 1976. Macroeconomic etiod is requested to have micro
foundation for seeking stability of “deep paramgéter

The second movement is to introduce stochastimenhts for the disturbance terms of
behavioral equations. Original contribution goeskb#@ R.Frisch’s random shock
theory in 1933, and Adelmans have revived the thaor1959 in their computer
simulation using Klein-Goldberger Model, and abowgn years later leading
econometricians at that time as well as L.R.Kle@wvéhrecongnized, using couples of
large scale econometric models, necessity of ssbichizrm in the econometric models

in 1969. [R.Frisch,1933][F.Adelman and I.AdelmarsQfB.G.Hickman(edi.),1972]

In the late 1970s, an Asian International Input gDutTable was first created by
Institute of Developing Economies of Japan, and Tladle has stimulated me to
construct world model on the Table, tough multiftioy econometric model were

already existed.

After the World War Il, econometricians have domsted various types of models on
national economy.

Single-country and single-sector model (SCSS tyjpelel) is named macromodel,



for which much effort has been directed. The mddal two kinds; a) demand oriented

and b) supply oriented. (See Table 1)

Table 1

The main roll of model is explaining production apdce simultaneously. The
SCSS_D determines production by demand and priggelia by compiling cost.
Keynesian model is typical in this category, legdmoduction by describing aggregate
demand factors such as consumption and investntentvhiile price is prescribed by
nominal wage rate equalizing marginal productivitly labor with real wage rate.
L.R.Klein has tried to replace marginal productivily average productivity, which
resulted in determining price by unit labor cosHlKlein,1983] On the contrary,
SCSS_S determines production by production funcfiabor, capital, etc.), and price

by market’s demand/supply nexus. Economic growtdehtalls in this category.

An attempt to approach national economy by decompuacro-economy into sectors
has been first made by W.Leontief, which is calsgle-country and multi-sector
model (SCMS type model, See Table 1 also). AfteLatntief, sophisticated models
have been made. [G.Fromm and L.R.Klein,1975] [WHBA&2] In this model also, two
kinds of models are distinguished; a) SCMS_D an@&BGMS_S. The latter has been
first made by L.Johansen while the former by W.ltegn [L.Johansen,1960] Recent
CGE model belongs to SCMS_S. Superiority of SCMSlehto SCSS model is macro
and micro economics being united together in SCM8eh On modeling multi-sector

economy, researchers have payed much attentionhdordtical development in



production and cost function since 1980s.

When one seeks to investigate national economg,sometimes needs to consider
international interrelationship among countriesisTapproach is called multi-country
and single-sector model (MCSS type model, See THblhich has been pioneered by
L.R.Klein’'s Project LINK. Altough LINK model has nstly demand oriented
macro-models for individual economy (MCSS_D), itpsssible to construct MCSS
model by supply oriented way (MCSS_S).

The fourth type model is multi-country and mséetor model (MCMS type model,
See Table 1), which has been first made also byewhtief (MCMS_D).[W.Leontief
and F.Duchin,1983] Superiority of MCMS model to M&E8iodel is to be able to argue
international trade such as inter-industry tradmwa-industry tradén MCMS system.

The MCMS model also has two kinds; a) MCMS_D apdMICMS_S. International
CGE model (e.g. G-TAP and G-Cubed) belong to MCMSCSAImon work is
MCMS_D. [C.Almon,1991] Our model, to be describad preceding section, is
MCMS_D.

In the last of this section we want to point outtmulti-sector approaches should
adopt theoretical developments recent years frondustmial organization,
micro-economics and international trade. Conversabove three fields concentrates
market in isolation ignoring mutual interconnectidmey shut their eyes to difference

between intermediate goods and final goods. [J4,t688]

The next section will show an Asian Internationgbut Output Table and section 3

will explain theoretical framework for MCMS systédmam micro foundation.



2. Asian International Input Output Table in Local Currency and

in Constant Price

Asian International Input Output Table (AlIO Tableds been published in dollar term
for every five years; tables of 1985, 1990, 1995d a2000 are now
available.[IDE,1993][IDE,1998][IDE,2001][IDE,2004H4PE,2006b]

We are going to convert tables of dollar ternoititose of local currency and of
constant price in advance. The reasons of conveesi® explained below with focus on
the dubiousness on domestic economic transactidoliar term.

a) Decision making in real term and in local cuagen

Economic decision making in model has to be forteaain real term. In this
connection we have two alternatives: real termahad and real term in local currency.
Most private and public economic agents are comsidéo make decisions in local
currency; for examples, decisions in production andonsumption are made in real
term of local currency.

b) Foreign exchange market of local currency

If people in related Asian countries use dolladomestic economic transaction, they
live in dollar oriented world, and we do not neechaive foreign exchange market. Yet,
this is fictitious.

c) Monetary policy in individual country’s local mency

If people use dollar in domestic transaction, therao need of issuing local currency
and of no need of having own monetary policy likexémbourg people in use of

Belgium franc in old times. However they have tlmin central bank.

Generally, Asian International Input Output talbleve two aspects; a) the one is



expressing demand side, and b) the other suppb: &dline with this, we provide
tables; table 2 and table 3 are for demand sidet@fmediate demand and final demand
respectively, and table 4 for supply side.

Table 2

Table 3

Table 4

Our model for MCMS system has several features.
a) Model in local currency and in real term
Most behavioral equations in our model are preskimtéocal currency and in real term.
b) Differ from CGE
Basic drawback of CGE is based on fictitious assionpg: full employment, perfect
competition and constant returns to scale in compsm and production.[J.B.Shoven
and J.Whalley,1992] The second one is not to absdobmation from sample data in
the estimation behavioral equations, instead tiseycalibration using one period data.
c) Endogenize domestic saving
Household saving, namely future consumption, ignadxplicitly in our household last
commodity.
d) Attach new kind of innovation to producer’s chsiction
Cost function additionally has price related valeatxcept output and input prices.
e) Introduce R.Frisch’s conjectural variation foicp determination
From micro foundation we employ profit maximizatitr determining price in virtue

of conjectural variation of R.Frisch for empiriagplication.



3. Multi-Country and Multi-Sector Modeling for an A sian

International Input Output System

In this section, we try to construct MCMS systerayihg an Asian International Input
Output Table (AllO) of Institute of Developing Ecamies (IDE) in mind. The IDE’s
Asian 10 Tables in dollar term is converted intblés in local currency and in constant
price. We already have mentioned converting prodess dollar based original
nominal Asian IO Tables into the Tables in locafrency and in constant price.

[T.Yano and H.Kosaka, 2008]

The importance is to give platform of unified systewhere macro- and
micro-economics could be argued. As internationade of inter-industry or
intra-industry requires framework of multi-countpd multi-sector, then the common
place must be provided for discussion. Whettbés section tries to exposeMCMS
system, arguments closely concern with internatitade.

Old theory of international trade has centered mernational exchange of goods
between different markets of dissimilar countriesdd on constant returns to scale and
factor endowment as inter-industry trade. But, DiNlel has opened a possibility of
international trade based on increasing returns stale from Marshallian
externality.[T.Negishi,1969a] Ten years later, Ridgman has proposed another
possibility of international trade of Chamberlaim®nopolistic competition following
Dixit-Stiglitz formulation of industrial organizain, also based on increasing returns to
scale.[P.R.Krugman,1979] Third possibility has beemade by J.A.Brander and
P.Krugman on the concept of Cournot oligopoly one tthomogeneous

market.[J.A.Brander and P.Krugman,1983] These thragempts are called



intra-industry trade.

Now we come to fourth possibility. It is well knowthat automobile industry,
exchanging automobiles between advanced countsgebilateral trade, is a typical
industry producing highly differentiated goods afrizontal sense in the same market.
(See, for example, [P.K.Goldberg, 1995]) We shaudte automobile industry is not
one counterpart of inter-industry trade becaudea# increasing returns to scale. Then
the fourth possibility of intra-industry trade etsisn market of horizontal differentiation
with increasing returns to scale. Such cases aguéntly seen in air transportation
service and financial service between advanced samdar countries. Yet, positive
gains on both related trading countries’ welfarehotisehold from international trade
have not been assured theoretically on the one, fmntinot been denied on the other
hand, to my knowledge. And that, gains from intéomal trade has been said to be
multi-dimensional, which is outlined in section 318 the real world, products of
vertical and horizontal differentiation have beeadely traded.

In addition to supply side of international tradeoee mentioned, demand side is
already familiar in similar tastes across countagd.inderian effect. [S.B.Linder, 1961]
(See details in Household Behavior)

Then we are going to expose our MCMS model on tidighed data of AllO, so
that we could easily operate econometric implentemaOur global framework on
international trade has, therefore, two folds.

a) Oligopoly Market of Horizontal Differentiation
International market of inhomogeneous commodiiptiduced into MCMS system.
b) Multi-Commodity Markets of Block Recursive Intennection

The differentiated markets are interconnected otlolrecursive way by input output



nexus.

In the first we assume the following.

Assumption 01Country and Sector

We suppose to have R countries (or regions), eacim¢p N sectors.

In applying MCMS model to Asian Input Output Sys{&i®S), included countries
and regions are Indonesia, Singapore, Malaysiaildrtth Philippines, China, Korea,
Taiwan, Japan, and US(i.e. R=10). Included se@mrsaggregated into six categories:
1)Agriculture, livestock, forestry, and fishery2)Mining, quarrying, and utilities
(electricity, gas, and water supply®)Manufacturing; 4)Construction; 5)Trade and

transportation; 6)Services(N=6).

Assumption 020ligopoly Market of Horizontal Differentiation wi R Suppliers

The h-th country is supposed to have unique firodpcing single i-th commodity of
horizontally differentiation, caused by border, Iwitlifferent price p! which is

expressed in local currency. Then i-th commoditykaiahas totally R suppliers.

Assumption 03N Oligopoly Markets of Interconnection

From the Assumptions 01-02 we have N world comnyoditarkets which are
interconnected in block-recursive way by intermesikansactions, each commodity

market being horizontally differentiated.

3.1 World Commodity Market of Horizontal Differenti ation

The unique firm in h-th country provides horizohtaifferentiated i-th commodity for



the internationally oligopolistic market. As theyopides horizontally differentiated
products for i-th market, R differentiated pricee éormed. As is well known in input
output system, equation below is market equilibritvat unique firm of producing i-th
commodity in h-th economy faces. Left hand sidadsafor supply and right hand side
for demand, and both are expressed in constan¢ e in local currency of h-th

country.

i=1.,N:h=1.,R (3.01)

Xih . i-th Commodity produced by World Oligopoly Firmlmth Country
x“ : Intermediate Demand for i-th Commodity in h-th Ctiyin

by j-th Oligopoly Firm in k-th Country
CP™ : Private Consumption for i-th Commodity of h-th Ctiyn

by k-th Country
G™ : Government Consumption for i-th Commodity of h-tbu@try
by k-th Country

| : Private Investment for i-th Commodity of h-th Coynt

by k-th Country
V™ : Inventory Investment for i-th Commodity of h-th Gy

by k-th Country

E" : Export for i-th Commodity of h-th Country



Q" : Statistical Discrepancy for i-th Commodity of h@ountry

3.2 Household Behavior

This sub-section will explain consumptioBR"™) and related behaviors of household

from micro foundation, and deals with household-¢ii country as a unit.

Now, household earns wage from working in promuncof j-th sector in k-th country,

then wage ratev(/jk) and labor demand_tj) of j-th sector in k-th country are determined

as are seen below. As earned wage and propertynsq¥”) totalizes disposable

income (M *), we will have the accounting identity.

Definition of Nominal Disposable Income in k-th Gy

N
M* = wiLs + Y (3.02)

i r
=

Looking at theoretical development for consumptd commodity, we have Stone’s
linear expenditure system (LES), Rotterdam moddlamideal demand system (AIDS).
Analytical feature of AIDS approach is, like an gy of argument that cost function
of production a prior given leads to factor demawnidsShephard’s lemma, household
expenditure function a prior given leads to demaoflsommodities via Shephard’s

lemma.

Thus expenditure function possesses all the nmition on commodity demand in
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itself. In considering factors governing commoditygmand except income and prices,

we must inquire for expenditure function.

a) Cohort and Life Cycle

While cohort asks the time when consumer was ddencycle asks consumer’s age.
Effects of cohort and life cycle on consumption seen in categorized consumptions
by ages. As both factors would shifts househollitytexpenditure function would have
factors inside. A.S.Deaton and C.Paxson have igatetl inequality of consumption

from the viewpoint of cohort and life cycle. [A.SeBton and C.Paxson,1994]

b) Habit Formation - Dynamics in Consumption -

Persistence of consumption for particular commesittomes from habit formation in
consumption. Expenditure function for expressingithormation holds consumption

with time lag. (See, for example, [L.A.Blancifoand R.D.Green,1983])

c) Family

Difference of family form would affect economic iy, and also consumption of
commodity. In the pioneering work of E.Engel, fayndharactering index is made in

“equivalence scale,” which is put into expenditfnection. (See [R.Ray,1986])

d) Advertisement

Advertisement or sale promotion activity to stimal@emands of consumers is big in
the real world while economics has tendency of igngpit in theoretical development.
As advertisement would enter household utility, engiture function would have such

variables. [E.A.Selvanathan and K.W.Clements,19®&gter 7)]

11



e) Population

It is often said decrease of production populatibagel5-age64 tends to be responsible
for stalemate of Japanese economy recent years.iglan evidence of expenditure

function dependent on population. [R.Ray,1996]

f) Consumption of Leisure - Labor Supply -

As, a special commodity, Ballard et al introduceidure in household utility, then they

deduced labor supply. [C.L.Ballard, D.Fullerto8.$hoven and J.Whalley,1985]

g) Recent Tendency for Food Consumption

Recent tendency of caring health shows distortiotisaggregated food consumption as
IS seen in vegetarians or consumer preferring fdests cholesterol. Study reflecting
this tendency should include index of cholestenalhie utility of this consumer. (See,

for example, [D.J.Brown and L.Schrader,1990])

h) Future Consumption - Household Saving -

As a final extension we are going to introduce fetconsumption in the last commodity,
namely household savingFollowing C.L.Ballard et al, we endogenize future
consumption in much the same way. [C.L.Ballard, ulldfton, J.B.Shoven and

J.Whalley,1985]

Argument like linear expenditure system (LES) withduture consumption is that
consumer expends all the income. In reality we hsasing. Then, LES approach is

considered to have two-step decision makings; @ngadecision is predetermined, b)

12



secondly expenditure for commaodities is made atiedw. Yet, in this approach, saving
process is described in explicit. As we intendridagenize household saving, we state
that disposable income goes to consumptions of iNneodities and increase of saving
(future consumption) which is treated as (N+1)-tmmodity. For this purpose we

define price of future consumption in the first.

Definition of Price of Future Consumption in k-tlohtry

Price of future consumptionp( ) in k-th country is defined as weighted average of

domestic consumption for N goods at recent year.

CRkk*
pr=>|w—— P (3.03)
i=1 Zcpkk*
=i

CP*: Consumption of i-th Commodity produced by i-trc®e
in k-th Country in recent year

p<: Price of i-th Commodity in k-th Country

Note that we use, in weighting coefficients of @,Jorices of domestic goods ignoring
the other countries’ prices. Note also that we iphgsake geometric average or rational

expectation for future price in (3.03) instead oftemetic average.

Now we face with optimal decision on allocatiohdisposable income over (N+1)

commodities in k-th country’s household. The k-tutry’s household is supposed to

decide optimal allocation of disposable income dviér commodity ™) and future

13



consumption C}) by maximizing household utility under its budgebnstraint

expressed in nominal k-th country’s currency.

R N
M*=>"> p*CR™ + piCP} (3.04)

Kk

J(l_ s")p" = (1+tik)[%j p" : Price of p" received

ek
ah

pihk* =1+ tik )(
e

by k-th Country

s": Rate of Export Subsidy of i-th Commaodity in k@ountry

CP"™: k-th Household Consumption of i-th Commodity prodd
by i-th Sector in h-th Country

CP¥: k-th Household Future Consumption

e*,e": Foreign Exchange Rates of k-th and h-th Country

per Dollar respectively

Future consumption leads to an increase of saving.
AS* = p,CP! (3.05)
S =8 +AS (3.06)

Equation (3.06) determines total amount of saviBt)( Yet, we do not touch contents
of saving, namely, its portfolio. Total saving wikcome non-derivative saving, then we

may have financial model. Yet, we do not explairf$ee Appendix Al)

Property income is determined by the following etpra

14



Y=g+ (r'sY) (3.07)

r* : Long-term Interest Rate in k-th Country

Now, in determining optimal demand for i-th comntgdi CP™) and future
consumption( CP¥ ) in  kth country, we wil employ AIDS

model.[A.S.Deaton&J.Muellbauer,1980](See Append® A

AIDS for MCMS System

AIDS model is now applied to MCMS system with deigt y; in Appendix AZ2.

Hence the nominal share against disposable incarkeh household could be simply

shown below.

it~k
of* = Y MCkR = o™ + ™% log

M k
MRAE
i=1.,N:h=1..,R (3.08)

The other factors of shifting consumer demand agladvertisement, sale promotion

activities, product innovation and transportatioe assumed to be all expressed in

a'’™.

a™ = a™ (sm*) (3.09)

Above equation for i=N+1=7 is future consumption.

15



(3.10)

In these formulations, other factors affecting eonption are expressed iof. We

note AIDS model needs to have three conditions.

(@) 33 f=1

h=1 i=1

Income Elasticity of Demanghome country k)

w _ dlogCR™) _
" dlogm¥)

ﬂhk
' 3.11
C({hk ( )

1+

n™ <1: Non-elastic Goods (Goods of Necessity)

n™ >1: Elastic Goods (Goods of Luxury)

n <0: Inferior Goods

Price Elasticity of Share Demand in Marshall Sgieene country k)

16



K n _hk
ity =S8t -ap - 12
u

h nhk
a) Self-elasticity of Share Demand 7" = - a b (3.12a)

o

‘,7;}"'“‘ <1: Non-elastic Goods (Goods of Necessity)

‘/72"‘“‘ >1: Elastic Goods (Goods of Luzury)

In case of h =k, self-elasticity is that of home-made commodity.

ar/ _hk
b) Cross-elasticity of Share Demand 7" ==/ — 2ﬁ (3.12b)

n'™">0:CR™ is gross substitute 0€P/.

nl4" <0:CR™ is gross complement o€P;~.

In case ofi =y, cross-elasticity is cross-country elasticity thie same market of
horizontal differentiation; but, in case df# u, cross-elasticity is that across

different markets.

3.3 Producer’s Behavior

International oligopolistic firm, producing j-th fterentiated commodity in k-th
country, determines intermediate demand, employmant price by profit
maximization. For this purpose, profit of intermetal oligopolistic firm of producing

j-th commodity in k-th country is described belowe use argument by W.E.Diewert

17



and K.J.FoX [W.E.Diewert and K.J.Fox,2004]

Consider now the profit of j-th firm in k-th cougtin local currency.

N
maxmax 77} = maxmax{p(x )X - ZZp X —wiLs}

P, er' i X h=1 i=1

—max{p (X)X! + ma{ - ZR:ZN: P X = wiLs 1

|j ' i h=1 i=1

= max{ PY (X)X - mln{zz “+wiL'}

'J’lhl

= max pi (X)X -C{(X{,pt)}  j=1.,N;k=1.,R

p™ : Price of p" received by k-th Country
t*: Tariff Rate of i-th Commaodity imposed by k-th Guty

e, e": Foreign Exchange Rate of k-th and h-th Country

p;(X}) : Inverse Demand Function of j-th Commodity in k-touBtry

CJ'.‘ : Cost Function of j-th Firm in k-th Country (Nonaihin local Currency)

(3.13)

Note that price p™ has tariff ratet® which is taken account for fraction of tariff

against total production because total tariff i0&l is accounted separately.

% Although W.E.Diewert and K.J.Fox have treated dstinénput output system, we are going to

18



Cost Function

We will exemplify cost minimization under constraiof Cobb/Douglas production
function. (See detail in Appendix A3) Yet, as ieddn preceding research, we will
employ an approach of deriving factor demand eqoaty Shephard lemma given cost
function a priori. According this line, we will cerder M.A.Fuss type cost function,
which is a generalization of Leontief cost functiphA.Fuss,1977](See Appendix A4)
Among a number of literatures, an application,édeample, for automobile industry can
be found in M.A.Fuss and L.Waverman.[ M.A.Fuss antfaverman,1992]

For a special case of M.A.Fuss, we will take Gelimed Ozaki cost function
following Nakamura. [S.Nakamura,1990] (See Apperdl®) The Generalized Ozaki
cost function in our MCMS has the form below, inighthe second term refers to wage.
Terms of time trend stands for Hicks neutral tedbgical change. Note that we neglect

terms of casei # | in M.A.Fuss.

R N ‘ " ; )
CHXE, pw) =D 3 Thl (p) P (XX)™ 0 4 bl (w)wh (X )™ 0 e O

n=1u=1 “
j=1.N;k=1.R (3.14)

X}‘: Output of j-th Sector in k-th Country

k . . . -
p’’ :Price ofu -th Sector im -th Country received by k-th Country

W'j‘: Wage Rate of j-th Sector in k-th Country

t: Time Index used to capture Effects of Disembodiechnical Change

by, (p), by, (X), by, ), by(w), by(X), bs(t): Unkown Parameters

treat MCMS system.
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Now, by Shephard’s lemma, we obtain the intermedatd labor demand equations

respectively.

hk — aC:( — hK xk bifi (X) btk (Dt

X; = =by, (P)(X{)™ e (3.15)
k _OC}‘ — LK ky b5 (X) 4B (D)t

L; = P =b, (W)(X;)*"e (3.16)

I

These equations have alternative expressions tionaggon.
logx;* =loghy; (p) +by; (X)log X +by, (D)t (3.17)
logL =logb; (W) +b5 (X)log X +b5 (t)t (3.18)

Equation (3.15)-(3.16) or (3.17)-(3.18) are estedain use of an Asian International
Input Output data. In this connection we could rtbeg the cost function (3.14) can be
directly estimable if sufficient data is available.

Other comments are available; shift factor of imtediate demand could be

expressed, inloghy, @ ) by transportation distance, product innovationd ey

immigration in logb (w).

Substitution and Complementarity of Intermediatenaads

Definition of substitution and complementarity taro inputs is stated.

k* >0 . substitutive

20



o™ < : complementary

L7 (3.19)
x;“: Factor Demand of i-th Commodity in h-th Countsyjith Sector

in k-th Country

k* . . . - .
p) : Price of u-th Commodity in 77 -th Country received by k-th Country

Allen’s elasticity of substitution in MCMS is thelfowing. (See Appendix A6)

ox
ol | o
e [ o(L+t")(E eﬁ)pZ"
Ji/fi = ok hk L7k (3.20)
Xj X X X

Innovation attached to Cost Function

We will identify technical progress which is atted to the cost function and its
corresponding factor demand equations. The terntinoé trend expresses technical
progress of Hicks neutrality. In this connectionSi8shido classifies three kinds of

technical progress. [S.Shishido,1990]

A Type: Price Independent Technical Progress

This type is related to S of R.Stone’s RAS methlie progress not saves particular
factors such as labor, but saves all factors inodeégetly from prices of factors and

production price. We exemplify a) reducing costittyoducing innovative technology,

b) quality control or total quality control and £l innovation. Cost function holds

term of time trend for expressing this technicagress.
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B Type: Technical Progress depending on OutpuePric

Cost reducing behavior, done by management effi@ésts to reduction of output price,
but does not aim at reducing particular factor deisa These behaviors, caused by
globalization and currency appreciation mainly aft®90s, could be seen in most

manufacturing industries in Japan.

Following Allen’s elasticity of substitution in Al®, same kind of index is made to

express reducing against pj reduction.

6)9?" ‘ 6)9?" GX}‘ ‘
a_\0pf )L oXf L ap )

aij - )ﬁ?er - )qr_ukxk

J J

(3.21)

C Type: Technical Progress depending on Input Price
This type is related to R of R.Stone’s RAS methart] is aroused from rise of factor
price such as material (e.g., rise of oil pricepdr and capital. Allen’s elasticity of

substitution (3.19) in MCMS is applicable.

Cost function embodying B-type technology is maaifi in account of above

consideration in the following way.

R N k ! k
CH(X[, W) =2 > b, (P) P (P@) ™ ™ (X )™ exphj, ()t

n=1pu=1
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+ bl (wywi (pl@)H (X )5 exphf, (1)t (3.22)
X ¥ Output in j-th Sector of k-th Counry
p’,: Price inu -th Sector ofy -th Country
p;®: Expected Price ofp"
wjk : Wage Rate in j-th Sector of k-th Counry

t: Time Index used to capture Effects of Disembodiechnical Change

b, (p), b, (X), b, (t), B(w), bS(X), bj(t): Parameters

The Shephard’s lemma vyields again intermediatdaal demands respectively as:

aC o (o 9

N = e - L—— =Bl (P)(p})* P (x )™ expbf; ()t

. e

| 6(1+ti"{eh]p:1

(3.23)
GC" K (pi k

L = =BE (P} @)™ (X )™ 00 expb 0t

j (3.24)

Estimated coefficients of (3.23) and (3.24) enable to have -coefficients of

corresponding cost function. EquatidB8s23) and (3.24) also take logarithm form as:
log % = logby; (p) + b3y, (pi) log(p; @) + by, (X) log(X ) + by ()t

(3.25)

logL“ =logb (w) +bi (X )log X * +bk, (pj)log p“® + b (t)t

(3.26)

Economy of Scale
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Ck
J
. AC Ar
SE = = (3.27)

I MC T MC
aC (XK, p,w)
MCf = ———— Marginal Cost
X
I

Rate of Technical Progress

Formula of technical progress of j-th sector irhkebuntry in virtue of cost function is
product of two elements associated with cost fumcthere left hand side is unknown,

but elements of right hand side are computed ie.§&2e Appendix A7)

dlogf/(xt) _ (alogC{(X' pt) y 1
ot ot d1ogC*(X*, p,1) (3.28)
k
dlogX;
Total Factor Productivity(TFP)
TFP of j-th sector in k-th country is straightfomgddrom Appendix A8.
dlogTFP* _dlogX} dlogC{ (X}, p,R(t)) (3.29)
dt dt dt '
dlogCf (dlogC{ | dlog X} +ZR: N.(9logC{ | dlogp™
dt dlog X§ dt ~ | dlog p™ dt
k
[ 0109C; Ydlog R(t)j (3.30)
dlogR(t) dt
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Pricing Differentiated Products of Internationaid®bolistic Firms

Profit maximization (3.12) forces oligopoly firms tletermine oligopolistic prices.

o _ A pi X —CH(XS, pt)}
op; op'

j=1.Nk=1.R (3.31)

Condition for optimization is the following, whids going to determine sector price in
the final step.(See Appendix A9 for second orderddon of optimization.)

X5+ OXT_9Ci(X],w) X}

i=1.N:k=1.R (3.32)
b op! OX op;

As we havedX ! /ap! in both sides of (3.32), we evaluate it in refegri(3.01) with

exchanging h with k and replacing i by j.

N R R R R ‘|

kh kh kh kh kh k k

ax K G{ZZXH DAARDNARD N RSN +Ej+Q1J
- 1=1 h=1 h=1 h=1 h=1 h=1

op! - op!

N

azixjﬁ“ aicakh aiejk“ ailjkh ailvjkh IEX 30
h= = h h=1 +_1 4 QJ‘

h=1 =1

S T S = + + +
op' op; op' op} op; opl  9p;
R
a9y CP”
=o+—h=3pk +0+0+0+0+0 j=1,N;k=1,R (3.33)
i

We have derivativedCP" /ap!  from Appendix A10.

eh
i I ==
M" | op; M"
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ACHR N ACY aﬂ?@j a-s)) () ot ™

_ﬂjkh 72K - - ; g (334)
(76 ¥ i)
ap]r _/1k¢0 k H— .k_ o —
a_p'.‘_j (unkown) j=1.,N;k=1.,Rr=1..,R
i
B _q i1 Nk=q Bl =1 i1 o
Opk_o j=1.,N;k=1.,RI=2.,j-1j+1.,N;7=1..,R
j

Estimating Conjectural Variation

Inserting (3.33) and (3.34) into (3.32), we cousirmate N xR unknown conjectural
variations /1'} for j and k. Conjectural variations in (3.32) ensures to satisfy

optimization condition in sample peridd(See [G.lwata, 1974])Reasons why sector
production does not go to infinity by profit maxeation in case of increasing return of
scale rest on ceiling of household budget and pplgiconstraint of capital. And reason
of sector production not going to zero in case efrdasing return of scale, possibly
seen in agricultural sector, is on existence of maddities of necessity for human life.
We could see other possibilities; a) no profit maixation, e.g. value-added
maximization or b) no optimization behavior, e.gc@ion making by rule. Then
optimal prices are expected to stay at finite valithin zero and infinity. In realism of
individual oligopoly market, as differentiated fismare separated by price and space,

equilibrium is also expected to stay in the sang@re

* Unless conjectural variation, empirical first ar@endition (3.32) is not satisfied.
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By letting notations of marginal cost and pricesétaty of demand be;

MC¥ %G gh=——J xTL (3.35)
i _axk i~ k :
J

K—MCk
il (3.36)
P; €]
Finally we have mark-up price determination.
£x
pjkz[gk'_lJMCjkzyjkMCjk j=1.,N;k=1.,R (3.37)
i

System of equations (3.37) determiré xR sector prices simultaneously given

N xR exogenous conjectural variationé , Which are obtained in (3.32).

We should note that the oligopolistic market of \abalescription is called Bertrand

equilibrium, price being strategic variable. In tast, perfect competition has sector

production X}‘ is strategic variable, and pricp'j‘ is determined so as to balance

market (3.01). The latter competition is called Gaarequilibrium.

Definition of Price at Macro Level

N X-k*
= | — P (3.38)

®> G.lwata has treated homogeneous commodity mafkeigopolistic flat glass in Japanese
economy.
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XX at base year
Price at macro level is weighted average of sekfoiees in which sectoral productions

in average weights are used at base year.

Wage Rate

Wage rate of j-th sector in k-th country is simgitermined by productivity of labor

and expected price.[W.J.McKibbin and J.Nguyen,2004]

. Xk Elk . N X.k*
W:'( =(pk(e))ﬁ {Tkj] p“® =Z N o P’ (3.39)
j =Y X
H=1

X/ : Production of i-th Commodity in k-th Country ade year

Expected price is now formed by weighted averagedarhestic sector production at

base year. Another note is possible that we uganedtexpectation for that.

Definition of Non Occupation Ratio

Labor forceLF* in k-th country minus total of occupation laborjdh sectOILkj in

k-th country makes non occupation labor, and naupation ratio is easily defined.

N
LE“=>"L¢
URK = = 3.40
LF* (3.40)

3.4 Fixed Investment

Two different actors are involved on fixed investmn@i*);
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1= 10 +12* (3.41)
| Flow of i-th Commaodity from h-th Country for Figdnvestment
to k-th Country
|1 : Foreign Direct Investment of i-th Commodity efthCountry
| 2™ : Demand of i-th Commodity of h-th Country by k@ountry
Note that, whereas the former actor is firms ohlcountry, the latter actor is firms of
k-th country. Unfortunately, onlyl ™ is observable. As, in ideal, both decision making

on the two investments (internal and external) khobe explained by profit
maximization in (3.31), long term decision makingnnis separated from that of short

time for the moment in this modeling.

Foreign Direct Investment(FDI)

Total foreign direct investmentDI" of h-th country is assumed to be given

exogenously. Now the total amoufDI" is to be invested to foreign countries in

view of their growth and benefit of transportatierhich is made in the following.

FDI™ =wf "FDI" (3.42)
FDI ™ h-th Country Distribution to k-th Country
wf " Distribution Coefficient depending on

Growth and Benefit of Transportation

Secondly, distribution to i-th commodity is madethg following.

29



11 = Wi[:—:JFDI i (3.43)

w; : distribution coefficient for i-th commodity commo

to all countries

Then, we have the following by the above two equmsti3.42)-(3.43).

hk () — e_k hk — e_k hk h
11 (t)—vvi[ethDl w,[eh]wf FDI (3.44)

Domestic Investment

We further assume total amount of domestic investme2* also as given
exogenously. Composition of commodities for donestvestment is as follows using

common coefficient.
126 = w12" (3.45)
Decision of suppliers of i-th commodity is madeprice and benefit of transportation.
|2/ = wr ™ 2¢ = wr™w | 2 (3.46)

wr ™ Coefficient of Suppliers

Finally we have decision equation ¢f* by the use of (3.41), (3.44) and (3.46).

K
1= 1+ 12 =vvi[e—h]vvf "FDI" +wr w | 2"
€

K
=wi((e—hjwf KEDI "+ wr | 2kj (3.47)
e

Total volume | ™ is explained by the two exogenous variableB|(", | 2¢).
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3.5 Inventory Investment
Although it is possible to treat inventory investihdV"™ as exogenous variable, we
dare to endogenize it. It is well known inventonyéstment contains both planned

IVP™ and unplannediVU . Unfortunately both are unobservable.

V™ =1VP™ +I1vU ™ (3.48)
Planned inventory investment is assumed to be dkgoon root of total production.

1

N —
IVR™ = wpf' (1 X[)*" (3.49)
J:

Regression equation for determining unobservabifiabie IVP™ is;

1

N =
IV =wp" ([ X )™ +u*i=1.N;h=1..R. (3.50)

Residual of the regression (3.50) is assumed tanodservable unplanned inventory.

Then we have the following.
N 1
RESDU™ = V"™ —w@i“(nlxjk)ZN =IVU™ i=1.,N;h=1,R (3.51)
i=

wp": Estimated Value ofwp!

Total of unplanned inventory in k-th country is demésupply gap of k-th country at
macro level.
R N
GAP => "> IVU, (3.52)

h=1 i=1

Then, its plus signifies excess supply and minasgxdemand.
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3.6 Government

Four kinds of modeling are suggested for the gawemt expenditure; a) exogenous
variable, b) simple conventional modeling of fispalicy response function, ¢) micro
foundation of setting government utility functiakd household, and finally d) dealing
government as the leader of Stackelberg game wagitigpal control theory.[G.C.Chow,
1975] Now we take government expenditure as exagendgowever, another note also
could be given that important variables like deéespending should be endogenized in
isolation from the other expenditure. (See [L.RiKle M.Gronicki and

H.Kosaka,1992],[H.Kosaka,1993])

3.7 Export to Other Region
Export is also exogenous. Yet, we retain possibdftliinking export with other MCMS

system like EU.(See [A.R.Hoen,2002] )

3.8 Determining Foreign Exchange Rate
B.G.Hickman has proposed a model for foreign exghamate in multi-country system.

[B.G.Hickman,1983]

k

k
loge" =a +ay log[%}aé(rk -r“3)+a§(%J (3.53)

€ k-th country’s Foreign Exchange Rate per Dollar
pk : k-th country’s Price at Macro Level

p“®: US Price at Macro Level

r®: k-th country’s Long-term Interest Rate
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rs: US Long-term Interest Rate

BALX: k-th country’s Current Balance

p“Z*: k-th country’s Nominal GDP

If individual government has no external interventifor foreign exchange market,
formulation (3.53) does work. However, another od@stion has to be added for
(3.53) in government intervention for the markete ¥ppose individual country has its
currency basket in controlling exchange rate inrttegket. While currency basket has
two calculations methods, we take arithmetic calooh for applying regression

analysis.

Formulating Exchange Rate incorporated Currency &ask

We begin with taking simple example of currencyKeascomposed of Dollar(weight
50%), Euro(weight 35%) and Yen(weight 15%) which v&t0l0 per Dollar with
assuming 2 Euro/$ and 250 Yen/$ at base year.

Currency unit(x) has to satisfy the following asbayear.
10=x,(1) + x,(2)+ x,(250)  at base year (3.54)

Then, we have from (3.54);

1 2 250
1=x| = [+ %] — |+ x| == |. 3.55
Xl(loj Z(wJ ( 10} (359
Currency unit is determined,;
1 2 250
— =05 x| —|=035 x,|—— |=015 3.56
Xl(loj 2(10) ( 10 j (8:50)
x=5 X% =175 x,=006 (3.57)
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Basket currency would fluctuate so as to show lthae year.
E =5x1+175xM + 006xY (3.58)

M : Euro Rate/$ Y : Yen Rate/$

Referring above example, we generalize currencigdtas use of unknown weights.

As in the example (3.54), following equation existsbase year in which we have

basket weight of Eurp,, weight of Yeno,, and weight of Dollarl-p,-p0,.

B =x +XxM +xY (3.59)
B" : Basket Currency/$ at base year
M™ : Euro/$ at base year
Y" : Yen/$ at base year
1-p,-p,: Dollar Weight (unknown)
P, Euro Weight (unknown)
£, Yen Weight (unknown)
As is the same way of (3.55), (3.56) and (3.57) havee;
1=x{éj+ xz[l\é—:)+ x{;—) (3.60)
xl%jﬂ—pl—pz X@T) =p, x{;—:}pz (3.61)
x=1-p-p)B %= p{%j X3 = p{s—:j (3.62)

Then basket currency fluctuation is below;
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B=(l-p,-p,)B +p1[ jM +p2[B*)Y (3.63)

Basket currency now is incorporated into constartin k-th exchange rate (3.53).

B B
loge" = (1~ ol - pz)B+p1( jM+p2( jY

k BALX
+ailog(rf’j +ak(rh - )+a{ j (3.64)

Since, in case ofg, = p, =0, constantB~ would be average rate of k-th country, we

rename B by €.

And we extend reference countries of EC and Japagemeral ones. Then we have

general formulation of exchange rate.

. ek* k* r
Ioge“ =@- :Olk - plz()ek + plk[erl j :02( rz*j i

: BAL®
+61|09(§ j az( )+aa( j (3.65)

e Exchange Rate of Reference Country 1

€’ Exchange Rate of Reference Country 2

Determining base year beforehand, then it wouldobssible to estimate parameters

(oF, p5,al a5,ak) given (€",e” ) by regression analysis. By the estimated result,
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we can see weight§,0, o5 . And, by the use of dummy variable in the constant,

we can see time dependent weight. If we change higigy policy, we can also
investigate policy simulation of exchange rate scien Final note is possibility of using

more than four existing currencies. (See detalf fiho and H.Kosaka,2003])

In the end we try to link exchange rate model WitGMS system.

| K= (- k_kk*+kek* £ e ) 12
oge' =(l-po - p;)e" +p ol R b

k BALk,US
+af|09(%}“a'§(rk ‘rus)““as'f T (3.66)
X e

N

ZN:Z Xilj<,us +ZN: CRk,US +ZN: Gik,us +ZN: Iik,US +ZN: |Vik,us] % pik
i=1 i=1

BALk,US - ( =1 j=1 i=1 i=1

ek

N N N N N N
_ EJS,k+ CPUS,k_l_ G.Us’k+ |<Us’k+ IVUS,k X US
I R LV I

j=1 j=1 i

To close this sub-section, we will re-state emhmys and exogenous variables.
Firstly the endogenous variables are sector piicirmediate demand, household
consumption, real sector output all in local cuesenforeign exchange rare; on the
contrary, exogenous ones are foreign direct investnn total, domestic investment,
government expenditure, export to the rest of tleeldy statistical discrepancy, US

long-term interest rate.

3.9 Gains from International Trade
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R.C.Feenstra has categorized three kinds of geans ihternational trade of
monopolistic competition: [R.C.Feenstra, 2010]

Let us consider national economy without internadidrade, i.e., autarky economy
where foreign commaodities are excluded in consuonpibtundle of household and in

intermediate demands. Let indirect household utiiector production and sector price

~K ~k ~K . .
be uy, X; and p; inj-th sector of k-th country in autarky ecnomy.
a) Gain in Household Welfare

The effect has been refereed to by various auithdrder-industry trade. Direct effect

in our model is measured in indirect householdtytihange.
GU =Y (U -a¥) (3.67)

b) Gain in Supply-side

Highlighting productivity in dynamic firm model allving entry and exit for the market,
M.J.Melitz has argued effect in supply-side whitdoacontribute to change of welfare
gains in the second step.[M.J.Melitz,2003] In owdal, embodied cost function (3.22)
will contribute to aggregate productivity change2@ in TFP. Our model estimates

gains in supply-side by sector production beyoratipctivity change.
R _~
GxX* =Y (xk - X¥) (3.68)

c) Gain of Reducing Markups
R.C.Feenstra and D.E.Weinstein have shed lightri@e peduction.[R.C.Feenstra and

D.E.Weinstein, 2010]

R

GP =S (p* - p) (3.69)

j=1
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4. Concluding Remarks

At the end we finish theoretical development of tircbuntry and multi-sectoral
model for the Asian International Input Output gyst of Institute of Developing
Economies completely from micro foundation in dechaniented view. For the second
stage we are preparing for estimated results of model and some simulations

analysis.
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Appendix Al: Linking with Financial System

We try to link financial system with MCMS system.eWollow L.R.Klein and
W.Krelle financial system (hereafter KK financiagfssem) in considering link with
MCMS system. (See [L.R.Klein and W.Krelle,1983])

a) Current Account

UR
CUR =— (A1.01)
e

CUR®: Current Account Balance of k-th Country in USldpl
SUR": Current Account Balance of k-th Country in k-thr@&ncy
€“: Exchange Rate of k-th Country per Dollar

To link with SUR(t) we define k-th country’s trade balance.

Definition of k-th Counry’s Trade Balance

h=k i=1 i

R N N N
BALk,aH = ZZ pik [Z XIlJ(h + Cikh + Gikh + I ikh + I\/ikh] + pikz Eik
=1 i=1

R

N ek N N
_ZZ pih E in?k_'_cihk_'_Gihk_'_lihk_'_IVihk _ZekMXik
j=1 i=1

hzk i=1

MX*: Import from the Other Countries and Regions
in US dollar (A1.02)
SUR® is linked with BAL*?" by bridge equation.
SUR* = SUR¥(BAL*?") (A1.03)
b) Capital Account
CAP* = CAP*[CUR,r*,r"s, p*, p“°] (A1.04)

CAP": Capital Account Balance of k-th Country in US Bol
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r": Long-term Interest Rate of k-th Country
rs: US Long-term Interest Rate
p*: Inflation Rate of k-th Country
pU®: US Inflation Rate
c) Overall Balance of Payment (Definition)
ALL* = CUR* + CAP* (A1.05)
ALL*: Overall Balance Payment of k-th Country in US IBol
d) Increase of Net Foreign Asset of Central Bank
ANFA" = ALL“€" (A1.06)
ANFA*: Increase of Net Foreign Asset of Central Bank-th Currency

e) Net Foreign Asset of Central Bank (Definition)
NFA* = ANFA® + NFA', (A1.07)

NFA*: Net Foreign Asset of Central Bank of k-th Curngnc

f) Net Domestic Asset

N
NDA‘ = NDA‘[D_ X, p*, NFA] (A1.08)

i=1
NDA*: Net Domestic Asset of Central Bank in k-th Cumgn
The KK financial system use real GDP in palaceotdltsector production in (A1.08).

g) Reserve Money (Definition)
RM* = NDA* + NFA* (A1.09)
RM ¥: Reserve Money of k-th Country in k-th Currency

h) Money Supply

MS* = m*RM ¥ (A1.10)
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m¥: Credit Multiplier of k-th Country in k-th Curregc
Although Credit Multiplier in the KK financial sysin is exogenous, we try to pose it as

a function of household saving (3.06).
m“ = m[S¥] (A1)
S Increasing Rate of Household Saving of k-th Count
i) Long-term Interest Rate

The KK financial system use real GDP in place ¢dltsector production in their IS/LM

system.

MSk N
¥ = MDk[Z X5, (A1.12)
=

Hence equation of determining long-term interett imbelow;

N MSk
rk = fk[; X, o 1. (A1.13)

Now we add two more explanatory variables (interat of policy instrument and US
long-term interest rate) to (A1.13) because oftexise of long-term interest rate parity

among US and other countries, and of influence fsbiort-term financial market.

N k
=1 xik,%,rus,rmk] (A1.14)

i=1

rm*: Money Market Rate of Policy Instrument in k-thu®@dry(exogenous)

In the final step of closing the system, KK finaalsystem states US long-term interest
rate is determined in the following way.

J) Excess Demand of World Capital

Sum up NFA" other than US by converting local currency to @oterm:;
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NFA"(t)

DIFF(t) =|;S 20 (A1.15)
assuming thatNFA" goes to US government bond market.
-n if DIFF >a
CAL(7) =0 if —a<DIFF <a
+n if DIFF <-a
r’(r) =r"*(r -1) + CAL(7) (Al.16)

Above 1 stand for iteration stef . If DIFF has positive small value greater tlman
world capital flows go to US government bond marketd US interest rate goes down

by 7. Inversely, if DIFF has negative small value less tham, world capital
flows go out from government bond market, and USrest rate goes up byg. In the

meanwhile US long-term interest rate would havechange. Thus, differing from the
other countries’ interest rate, determination ofibi®rest rate has different mechanism.

As formulation of US long-term interest rate, (A3)land (A1.16), is not easy to be
estimated econometrically, it would be possible Wferest rate is treated as

exogenous.

Appendix A2: Optimal Demand for Commaodities by Houghold

Indirect Utility Function and Roy’'s Theorem

Now we are supposed to have n commaodities. If wpase household utility for n
commodities, and suppose to optimize utility untadget constraint, then we have
optimal consumption for i-th commodity in Marshafli sense. Substituting optimal
consumption into utility function gives indirectilityy function, which is dependent on

budget constraint and prices.

47



Inversely, if we have indirect utility function, weasily obtain optimal consumption
of i-th commodity by fraction of the two partial rikatives of indirect utility with
respect to budget constraint and prices. This itipa is called Roy's theorem.
Jorgenson et al. proposed translog type as aretditility function.

Dual Problem

Whereas the primal problem, above mentioned, Igyuthaximization under budget
constraint in determining optimal commodity demarayal problem is budget
minimization (cost minimization) under utility leenchanged. The derived optimal
commodity demand is called Hicksian demand, andimied cost, substituted
Hicksian demand, is called expenditure function.

Indirect utility function and expenditure funatiare inverse functional relationship.

AIDS model, proposed by Deaton et al., could becilesd in the following, setting

expenditure functionC(u, p )as translog type.

C(u,p) = ga(p)+ub(p) (A2.01)

n 1 n n

a(p)=> a,logp, +§Zzyii log p, log p; (A2.02)
i=1 i=1 j=1

b(p) =41 p’ (A2.03)

i=1
dYa=1 > B=0 >>y=0 (A2.04)
i=1 i=1 i=1 j=1

Putting (A2.02) and (A2.03) into (A2.01) gives usetfollowing equation by taking

logarithm on both sides.
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logC(u, p) =logM =a(p) +ub(p)

n 1 n n n
=Y a;logp, +§ZZ y;logp logp; +uB, [ pf (A2.5)
i=1 i=1

i=1 j=1

From above equation (A2.05), we obtain for utilityindirect form;

n 1 n n
logM -2 alogp, -~ 3> ¥ log p,log p,
u= i=1 i=1 j=1 (A26)

ﬁoﬁl p/

In (A2.6) we take interest in the cagg =0, which is re-written down below and is used for

MCMS system.

M
log—
[1p"
i=1

ﬂolj p’ /Jolj p/

logM ->log p/"
i=1

u=

Then Shephard’s lemma indicates optimal demandtfocommodity:

oC _

Y q . (AZ)

The Optimal Demand for i-th Commaodity in Relativiea®e(Share Demand Equation)

1 M n n
H :% =a+p IOQF+Z%0 logp, M =3 pg (A2.08)
n=1 i=1

logP =>"a,logp, +%zz V,.logp,logp, translog type
n=l

n=1 p=1

Elasticity of Demand against Expenditure
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ologa) _,, A
7= 3iogM) "L (A2.09)

1, <1: Non-elastic Goods (Goods of Necessity)
n, >1: Elastic Goods (Goods of Luxury)

77, <0: Inferior Goods

Elasticity of Share Demand against Price in MailsBahse

_ollogw) _ s Vi B %a +Zy” log p|} (A2.10)

1
1=1

"~ allog p, woow

Self Elasticity of Share Demand 7, =

=

A %a +ZVJ| log p|}

W, =
7;| <1: Non-elastic Goods (Goods of Necessity)

;| >1: Elastic Goods (Goods of Luxury)

Cross Elasticity of Share Demand 7, =-J; +— i A %a +ZyJI log p,}
W W =

n; >0: g is gross substitute op; .

n; <0: g is gross complement op;.

Appendix A3: Cost Function associated with Cobb-Doglas Production Function
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Cobb-Douglas production function for MCMS systenthis following.
X< = A (LT AL (s )
i =AL H” X; (A3.01)
= 1=

X Output of j-th Sector in k-th Country

A}‘: Efficiency Parameter of j-th Sector in k-th Caynt

L‘j.: Employment of j-th Sector in k-th Country

xi';": i-th Intermediate Commodity purchased by j-thtS8em k-th Country
a*(L).a’(X): Fixed Parameters

Cost for firm of producing j-th commodity in k-tlogntry

R N Kk
Gt X g =] Gl (A3.02)

h=i=1
p: Price of i-th Commodity in h-th Country
wjk : Wage Rate of j-th Sector in k-th Country
t“: Tariff Rate of i-th Commaodity imposed by k-th Gty

e“: Exchange Rate of k-th Country (base year)
is to be minimized.

A firm of j-th sector in k-th country solves thdltawing cost minimization problem.

R N
Min - Cf =WiLj+> > P (A3.03)

n= =

Subject to

X =Alf e w300
7= AL

For this purpose, let Lagrangian be;
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WkL"+ZZp”kx”k+/1k{ ~ ALY ﬁNx”k ]

n= p=L

Then the first order conditions for optimizationds

xk
wh = Aak(L) -
:
Xk
pM* = A (X )x_“'j‘ (h=1,2 ..ri=12,..n)

k
O’.(L] R N "
= A T A by

Combining equations (A3.05) and (A3.06) yields:

W ajk(L) X<
o (X)L

'l

Solving equation (A3.08) forl gives:

oo aL) pre

j a_hk(x) Wk Xu

1) J

Manipulating equation (A3.06), we also have:
hk* hk ak
p _ a(X) X

™ i (X) x*

1)

Solving equation (A3.10) forxj‘k gives:

_a ihk (X) P

J

= ok
T aF(x) e

Substituting equation (A3.11) into equation (A3.08)es:
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(A3.06)

(A3.07)

(A3.08)

(A3.09)

(A3.10)

(A3.11)



Poa(X) we ! (A3.12)
Substituting equations (A3.11) and (A3.12) into &epn (A3.07) gives
Xk B Ak aJk(L)-|a:<(L) plqk* qk‘lﬂT(L)z%Elaﬂk(X) R N afdk(x)-laz‘(x)
W e ()T ) [11] o h
(A3.13)

Subsequently, the expression fm‘j‘k can be obtained by rearranging equation (A3.13)

as:

(A3.14)

j a() Zzaﬂk( X).

n= p=1

Replacing, respectively, the subscripts h andhgiaind | of equations (A3.14) gives:

K 1 ‘ aj(L) hk( ) _|a”k (x)
X e[ w o (a™(x)) R N p’ P
Xihk = | J ] . u
| (AT} (GF(L)J [ p* JL—' Dl{azr(x)h

Substituting equation (A3.14) into (A3.12) yield®texpression for labor demand of

j-th sector in k-th country as:

1 2 X
o[ XY arL)] A4 R v [op T
L =| 2k ‘ |‘l 7 ’ (A3.15)
Ai W:( J I a

Equation (A3.15) and substituting the resultan iquation (A3.02) gives the
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following cost function:
N a.k(L Q) aj (%)
XX\ 4 R N pflk o
R IECEE
Equation (A3.16) is cost function associated wittbB-Douglas production function.

Following Shephard’s lemma, we have factor demanton.

ack
aphk - Xu

(A3.17)

Although it is possible to develop cost functioritwiixed capital, we postpone it.

Appendix A4: Cost Function and Factor Demands by MA.Fuss

M.A.Fuss proposed a generalized Leontief cost fanawvhich comprises Leontief cost

function as a special case. [M.A.Fuss,1977]
C(y,pt)=> > h (y,t)ﬁﬁ- (A4.01)
P

y: Output p:Input Price h;(y,t): Symmetric and Concave

Successors of M.A.Fuss have specifigd y t (in, yarious way. E.Berndt&M.S.Khaled

and W.E.Diewert&T.Wales are among them. [E.Berndid aM.S.Khaled,1979]

[W.E.Diewert and T.Wales,1987]

Appendix A5: Generalized Ozaki Cost Function

S.Nakamura, another successor of M.A.Fuss, expasedthematical form oh; y(t, )

in Fuss cost function, and named Generalized QGzagtifunction. [S.Nakamura,1990]

54



C(y. p.t) =ZZb y” [P/ P; explyt)

=[2bipy” expbit) + > b;\/pp; v explt)]

i%]

hi(y,t) =b, ybyi expiy;t) for i=j

h (y,t) =h y” explit) for i# j

Appendix A6: Substitution and Complementarity

Definition of substitution and complement for twiputs is stated.

>0 : substitutive

: complementary #i;L,j=1, ..., n

X : i-th Input p;: j-th Input Price
Allen’s elasticity of substitution gives rate oftstitution.
(a)ﬁ }:
_\9p
O = iz . i,j=1,..,n
X,

Alternative expression of Allen’s elasticity of siitution is restated.

alogy

dlog p.

g = S = b
]
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dlogx _[ 0x &J
dlogp; |0p; \ %

Elasticity of substitution has symmetrical prope®; =0 ;.

Appendix A7: Technical Progress in Cost Function

If cost functiorC § pt ) is decreasing in time t, there exists progressaahnical
change, andM A(w,y,t) is called cost diminution.

By the nature of cost function, relation holds.

(aC(y, p,t)j (6C(y P, t)Iaf (x1) (A7.01)

ot

Multiplying average cost on both side yields thiokeing.

(acw,p,t) j

ot y)_(of(xt)YC

ac(y, p.) ‘( ot yj (A7.02)
oy

Rearranging terms in (A7.02) gives important foraul

dlogC(y, p,t) jx 1 dlog f (x,t)
- = A7.03
( ot dlogC(y, p.t) ot ( )
dlogy
First term in left hand S|deamc((3—\1vyt) A(w,y,t) cost diminution
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Cc
y _AC _ 1 _
Second term in left hand sidgE(y p.t) ~ mc _ 9logC(y, p.t) €

oy dlogy

Scale elasticity

dlog f (x,t)

Right hand side F (X,t) = o

rate of technical progress

Formula (A7.03) could be restated in abbreviation.

T(X(y, p,1),t) ==A(y, p.)&(y, p,t) (A7.04)
When one looks at technical progréss t ( by virtue of cost function, one needs to

look at cost diminution and scale elasticity atshene time.

Appendix A8: Total Factor Productivity (TFP)

Definition of TFP is stated below.

p=_ Y

_m or logTFP =logy-logC(y, p, R(t)) (A8.01)

C(t) =CLY, Py, P, R(1)]
Hence differencing TFP with respect to time yielus following.

dlogTFP _ dlogy dlogC(y, p,R(t))
dt dt dt

(A8.02)

dlogC(y, p,R(t)) _(dlogC Y d Iogyj+Z”: dlogC Y dlogp, )+ dlogC Y dlog R(t)j
dt dlogy at dlogp, dt dlogR(t) dt

(A8.03)

i=1
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Appendix A9: Second Order Condition of Optimization

We restate profit maximization.

o _o{pi X -C{(X{,pt)} L NK=1R 6,01
aplf apr J_ NIV Sy ( . )

As the first order condition of optimization is

k k
X!+ pk x—axli =MC! <%

op o (A9.02)
] ]
we have the second order condition.
k k
o] X+ pix axj_Mckxaxij
0%t ’ op; ' opy || ( )
2 A9.03
a(p;) op;
axjk axjk . azxjk aMCjk axjk - 0 Xk
= + + p¥x - X

p: -MC? x
op; dp; ' o(p))® apf  Ip T a(p)?
: axk ‘ OZXJK OMC;( OX;(
26 (pj MC) a k2_ a k xa k
P; (pj) P; P;

k

]

OMCK axk 0 xk
= 2_ a k] a (pIJ(_MC:() a

OMCK ) oxk <92x.k
[z ] L -me)e IX

op ) op; o(p;)?
Rearranging the first order condition of (A9.02k have:

Xk
(pT-MCF)=-Xf/ . (A9.04)
op;

Hence the second order condition is the following.
o*n" [ 6Mij OX[ Lk, OPF  97X]
=|2- - X x—!

a(p)? op< ) op< axr a(p)?
_[,_OMC{ | ox} ., 0X]
=127 0k [Copt X Gpr
pi pJ pl
k k
= 2—6ij - X§ | 9% <0 (A9.05)
apj apl

The derivative 877 /d(p!)* becomes diagonal element of Hessian matrix.

58



R
Appendix A10: Evaluation of 9 c:ij“/apjk
h=1

Now we have;

CP" h
(p'Mh J= 0+ Bolog o (A10.01)
[ p i)™
—(1+t )[ J(l S))p;. (A10.02)
Partial derivatives of both sides of (A10.01) le#us following equation.
a kh ﬂkh I M "
-+ 7 log
p' Cth aj i R N R L
o P IGRED
—2 = = (A10.03)
op; op;

Then, evaluating derivatives of (A10.03) enablestaudave the following equation,
assuming that producer’s conjectural variationstted same product for the other

producers (i.e. of other countries) are made, augtions for other products are zeros.

" oCP
@L+t] )[ J(l S )CP + p! {aapj.kJ

Mh

a{—ﬂrh od [17] (" o )ﬂ%jj _ a(ﬂrh o (617 + [ 6 ¥ s M

op; ap!
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oo ¥ et b )
op;

|‘j (bt

= —'B}m

7o o Y +|;!a “(pre @t )( j(l s)( pj[ﬁpﬂam
e ¥ o)™

— kh
= —ﬁj

8 A BT A ol e )( )(1 AL

== BT (A10.04)
e o)
T#

on’
6—3'(2/1'; # 0(unkown) 7 =1..,R (A10.05)

j
gz'k =0 I=1,j-4j+L.,N;7=1..,R (A10.06)

j

Coefficients (A10.05) are R.Frisch’s conjecturalriggon of j-th producer in k-th

country to j-th producer inr -th country, which is common to all j-producers.

Finally we will deduce the equation.

. 1+t 1-s)CP/"
p|]_<h aCijh ( )( J( S; )
ap} M"
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kk R

B a o (ool o)
| 06+ ¥ oty

(A10.07)
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Table 1  Typology of Models

Demand Oriented | Supply Oriented
Single-Country Single-Sector | SCSS_D SCSS_S
Single-Country Multi-Sector | SCMS D SCMS S
Multi-Country Single-Sector | MCSS D MCSS S
Multi-Country Multi-Sector MCMS D MCMS S
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Table4

Indonesia

Malaysa

Philippines

Singapore

Thailand

China

Taiwan

Korea
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wage

production

local currency

Layout of Supply Side

unit=local currency in current price
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