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This study uses three-dimensional diagrams to express the export function,
total labor demand function of individual countries, and the world-market
supply function, and describes a method to specify the trade equilibrium
point. The trade model is constructed as a multi-commodity, multi-country
general equilibrium model, but actual simulation is conducted by a two-
country, two-commodity model. The specific factors model is adopted when
assuming the production function has a decreasing return to scale and only
one variable (i.e., labor input), and wage is assumed to be an exogenous
variable. First, the total labor demands of each country are derived as
functions of the price of each good, and these total labor demand functions are
expressed by three-dimensional diagrams. Second, the “price possibility
frontier” domain for each country is defined by the total labor demand
function and labor endowment. Next, the equilibrium trade point is specified
by the “price possibility frontier” and the restriction on the balance of supply
and demand of each good. Last, the normative equilibrium trade point is
simulated, using actual data from the Japan—U.S. international input—output
table for the year 2000. The simulated normative trade follows the same
direction as actual trade. This result suggests the usefulness of this method
for analyzing how the internalization of public benefits from forestry or
agriculture impacts the pattern of international specialization.

1. Introduction

The goal of this study is to investigate the impact of the internalization of public

benefits from forestry on the pattern of international specialization, using a multi-

135



136 Yozaburo Ejiri

commodity, multi-country comparative cost model, including intermediate goods as
a linear programming problem. Improvements were necessary because the original
version of this model does not consider price (Ejiri, 2005). As a preliminary step
toward such improvement, this paper presents a method to reveal the process leading
to trade equilibrium; the method involves three-dimensional diagrams devised by the
author, as well as export and other functions.

Only two countries, Japan and the U.S., are considered here. Two sectors
(goods), agriculture (wheat) and manufacturing (cloth), are considered in the first
Ricardian model and in the following example using the specific factors model. In
the last simulation, which includes actual data, two aggregated sectors are
considered. The specific factors model is used as the trade model.

The specific factors model describes the production function as follows
(Kimura, 2000):

Agriculture: f(K ,L),

(L : labor force, K : factors particular to agriculture such as natural resources)
Manufacturing: f(K ,L),

(L : labor force, K : factors particular to manufacturing such as capital equipment)

In the specific factors model, L in the production functions is supposed to be
mobile within a country but not between countries. The variables K and K  are
considered immobile both between and within countries. Here, K, and K are
supposed to be constant during the entire specialization period. Under this
assumption, the production function f(KX ,L) can be written as f (L) , and
f(K L) as (L) and f,_ (L) are written as f(L)

m’

(L) . For simplicity, f,
hereafter.

There is some evidence that differences in specialization patterns may be
explained by the difference in labor productivity alone (Krugman 2003). The
correlation between labor productivity and export and import rates is also examined
here (Japan Productivity Center for Socio Economic Development, 2001;
Management and Coordination Agency, Government of Japan, 1999; Ministry of

International Trade and Industry, 2000; OECD, 2002; U.S. Bureau of the Census,
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1996). Figure 1 shows the correlation between g, (Japan/U.S. relative labor
productivity) and e (Japan/U.S. relative export rate), and between ¢ and m,_
(import rate), with respect to 11 goods (sectors) chosen from the 13 tradable goods
listed in the Japan—U.S. international input—output table for 1995. The excluded
goods are “textiles” and “petroleum products” (Note 1).
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Figure 1. Correlation between Japan/U.S. labor productivity and Japan/U.S. export
and import rates

Note: ¢, = ¢, /q, (Japan/U.S. labor productivity), where, ¢, =G /L, q, =G, /L,

e. = e, /e, (Japan/U.S. export rate), where , e, = E7/X], e, = E} / X}

m, = m, / m, (Japan/U.S. import rate), where , m, = M; /D;, m, = M, /D;

(L, ,Gy, X)), E}, Mj, Dj: employees, gross value added, output, export, import, and total
domestic demand for each sector or good in Japan in 1995, respectively.

L, G, Xi, Ey, M}, D) :The same in the U.S.)

Although the capital intensities differ among the sectors, Fig. 1 (a), (b) shows
fairly high correlations between the variables. Furthermore, although the plots are
limited and the two sectors mentioned above are excluded, the figure suggests the
validity of explaining differences in the specialization pattern using only the
difference in labor productivity.

In this study, the “flow approach” principle is used to decide the exchange rate.
Because foreign currency supply and demand are supposed to occur only through
the export or import of merchandise, and because of the capital account, foreign
currency reserves are assumed to be constant, and the exchange rate is decided

solely so as to maintain the trade balance.
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Hereafter, “present” or “before specialization” refer to stable state economies
before trade, and “future” or “after specialization” indicate the stable state
economies after trade. Additionally, “world” indicates the total market consisting

only of Japan and the U.S.

2. Ricardian Model

Here, the Ricardian model is explained as the foundation of the specific factors
model, using simple parameters. Table 1 (1) and (2) show the outputs and allocated
labor forces of each sector in each country, respectively. Table 1 (3) shows the
average labor productivities calculated from these values, while Figure 2 (a) through
(c) illustrate the production possibility frontiers of Japan, the U.S., and the world,
respectively, for this case (Shinkai, 1973). Table 1 (4) indicates how the output of
each good in the world changes if Japan specializes in manufacturing and the U.S.
specializes in agriculture. This table and Figure 2 (c) reveal that if each country
specializes as in Table 1 (4), the world outputs of wheat and cloth increase by 25
(10%) and 10 (10%nf) , respectively. If these increased goods are allocated
“properly” to each country, the economic welfare of each country is expected to
increase.

In this model, the range of  (i.e., the yen/dollar exchange rate), in which mutual
trade between Japan and the U.S. may occur, is specified as follows (Ito et al.,
1994). Table 1 (5) shows the given wage of each country. Prices of goods are
supposed to be decided by the equation “marginal cost = marginal revenue.” Under
this assumption, as the equation p=w-dL/dX =w-1/q (p: price of the
goods, w: wage of the country, L : labor input of the sector, X : output of the
sector [good], ¢ : labor productivity of the sector) holds for each sector in each
country, the price of each good is decided as in Table 1 (6). Therefore, the range of
7 in which mutual trade may occur between Japan and the U.S. is specified as

62.5<n<250 (yen/dollar), as shown in Figure 3.
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Table 1. Parameters for Ricardian model

(1) Outputs at present (2) Allocated labor at present (10°persons)
Xo Japan U.S. L, Japan U.S.
Agriculture <Wheat>(10%t/year) 15 60 Agriculture 0.75 1.20
Manufacturing<Cloth>(10°m?/year) 10 20 Manufacturing 0.25 0.80
Total (Endowed) 1.00 2.00
(3) Labor productivity (4) Gains of the world outputs by specialization
A=XIL) Japan Us. AX Wheat Cloth

(10%/year)  (10°m?/year)

World outputs

Agriculture(t/person/year) 20 50 75 30
at present
X B J—Cloth, U.S.—>Wheat
Manufacturing(m®/person/year) 40 25 o 100 40
Specialization
Gains in world outputs +25 +10
(5) Wage of a worker (6) Price
w Japan U.S. p (=w/q) Japan U.S.
100 100
Agriculture & Manufacturing (10*yen/person (10°$/person Wheat 5.0 (10%yen/t) 2.0 (10%$/t)
/year) /year)
Cloth 2.5 (10*yen/m?) 4.0 (10°$/m?)
@ Japan ) Us. Japan 7 (pen/$) Us
o, Clth <|a“m?/yr>mmh
(10°m*/yr) 50|
20 00 Wheat: 50000 (yend) E— Wheat 200 (5
(15,10)
20 Wheat 100 Wheat Cloth 25000 (yenan)) e Cloth: 400 (binch
(10%/yr) (10°/yr)
s 2. Cloth (c) World (1) Restriction for Wagan — U5 Import (Whea)" -+ 50000/ » 200 (54
10°m/yr)
0 L m < 250 (yenlf)
(2 Restrictionfor "Japan - U8 Export (Cloth)" - 23000/ <400 (Bind
50 [ (100, 40)
- T 625 (yend)
From (1), (2), restriction for moatual trade on wis derived as folows.
" Wheat
oo 615 ¢ m< 250 (yenth)
Figure 2. Principle of trade Figure 3. Range of © for mutual trade

3. Three-dimensional Diagrams of the Process toward Trade Equilibrium

By the Ricardian model described above, the outputs of each good in the world
increase by the appropriate specialization, and the range of 7 in which mutual trade
may occur is specified. However, by that model, it is not possible to determine the

equilibrium amounts of exports and imports or inspect the process leading to trade



140 Yozaburo Ejiri

equilibrium. Therefore, these problems are considered by the specific factors model,

making use of three-dimensional diagrams.

3.1. Study framework
The framework of this study is described below, with £ (£ =1,---,m ) as the

country index and i (¢ = 1,---,n ) as the sector (good) index (that is common to each

country) (Allen, 1967; Henderson ef al., 1971; Kimura, 2000; Komiya et al., 1979).
(1) Production function (for each country concerned; the situation is the same
hereafter):

[1] X =A-L" (0<q, <1, i=1--,n)

(X, : output of good 7, L, : labor force of sector 7, o, : coefficient concerning the
diminishing returns to scale for sector i, A : coefficient concerning the labor
productivity for sector ¢ .)

Note that different countries can have different coefficients (e.g., o, =, ;
A=A

(2) Utility function:

[2] U=X - XN X"

( X, : consumption of good 7, A, : coefficient concerning the utility of good )

(3) Restriction by labor force endowment:
[3-1] L+ +L <L

n —

( L, : endowed labor force of the country; case in which unemployment is

permitted.)
[3-2] L+ +L =17

(Case in which unemployment is not permitted.)

(4) Perfect competitive condition:

4] —w o)
p,=w Xm 1=1---n

(p, : price of good i by the currency of the country, w : wage of the country

[supposed to be an exogenous variable and constant])

(5) Maximization of utility:
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[51 [g);’] =k (= L)
v JU=const J
(6) Budget constraint:
[6-1] pX = X)+ e (X, X)) =0
[6-2] SoopE A+ - +pE =0

3.2. Derivation of the export function and other values
The production possibility frontier, supply function, and other values derived
from the above equations are described by equations [7] through [12] below.

(1) Production possibility frontier: From equations [1], [3-2]

1, Y
X Vo 5 Vo
7 L R By i =7
. [Al ] [A “
(2) Supply function: From equations [1], [4]
. A %x, ’l—(y
(8] Xl:a,pmﬁ’ag(al: Qi yi=1,n)
w

(3) Demand function for labor: From equations [1], [8]

1,
1—a; 1
[9-1] L = [ﬂ] p/ (i=10m)
w
(I : labor demand of sector ¢ )
1170‘ l17(.,,
[9-2] L= [LAl] e i [awA,,,] p e
w w

(L : total demand for labor of the country)

(4) “Price possibility frontier”(see next section): From equations [3-2], [9-1]

1, 1

Q. A A*“l 1, N 6% A 1-a, 1, N

[10] [7] 1] A ] p/ T =L
w w

0

(5) Demand function: From equations [2], [5], [6-1], [8]
1 1
X = (va p bty p g (= Lo
g (via, - py Vi, ) s ( ) (Note 2)
where v, = X /(A +---,)

(6) Export function ( E : + = Export, F : - = Import): From equations [8], [11]
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E =X -X = [ (1= )a, 'pl%ﬂ” - N, 'pn%ﬂl" o
21 (Note 3)

-1

E,=X,-X, —[ —mafpl% e +(1—~y,,)a”-p/’"~ P,

3.3. Three-dimensional graphs

Examples of the three-dimensional diagrams for equations [7] through [12] are
shown below in Figures 4 through 19. Table 2 shows the parameters of the
production and utility functions used for this illustration.

Figures 4 and 5 show the relationships between the indifference curves and
amounts of trade and other values for Japan and the U.S, respectively.

Figure 6 shows the offer curves derived from Figures 4 and 5. The equilibrium
amount of trade after specialization is denoted by the small circle (o) in Figure 6
(Koizumi et al., 1981; Watanabe, 1991).

Figure 7 shows curves of the demand function for labor with respect to each
sector (equation [9-1]) in Japan and the U.S, respectively.

Table 2. Parameters used to illustrate the specific factors model

Parameter Japan U.S.

Agriculture (Wheat: x ) o 0.3 0.4
Manufacturing (Cloth: y ) o 0.7 0.6
Agriculture (Wheat: x ) MY 0.5 0.5
Manufacturing (Cloth: y ) A 0.07 0.22

1), 2) The condition Ai/A=ay/0,*L,°/L," is required so that the production possibility frontier
and indifference curve will contact at the present activity point.

50 70
45
40
35
30
25
20
15
10

60

50

40

30

20

Y: Cloth (10 #m?4r)
Y: Cloth (10 ¢m?4/r)

30 0 50 100 150

X: Wheat  ( 10%t4r) X: Wheat ( 10%4r)

Figure 4. Indifference curve and trade -  Figure 5. Indifference curve and trade - U.S.
Japan
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30 25 Japan, Wheat (104yen/t)
TP Japan Japan, Cloth (104yen/m2)
5 2 25 —Uus. O Present Value
< E O (144,183) 20 o
) 20 US Wheat (1028/%)
s 2 US Cloth (102§/m2)
E S 15 s B O Present Value
5 8 . a
e 10 F I
§
3
< 2 5
= S 2 . 5 10 15 20 25
2 E o .
-1 00 05 10 15 20

M’ E.* (Import or Export of Wheat)

(+:Japanese Import or US. Export of Wheat)

A
L: Labor Input(10° workers)

Figure 6. Offer curve Figure 7. Demand function for
labor- Japan, U.S.

Figures 8 and 9 show the surfaces of the total demand function for labor
(equation [9-2]) with respect to Japan and the U.S, respectively. In Figure 8 the
surface within the range of L < L, (=1.0x10® persons) shows the relation between
the price set (p,, py) that brings about underemployment and the total demand for
labor L . Hereafter, this domain on this surface is called the “domain of
underemployment.” On the other hand, the horizontal domain on this surface shows
the relation between the price set (p,, py) that brings about, at least in one sector,
excess profit (i.e., (p,, py) for which equation [4] does not hold) and L . Hereafter,
this domain is called the “domain of excess profit.” Therefore, the boundary
between the domain of underemployment and the domain of excess profit shows the
relation between L and the set of prices (p,, py) that allows for both equations [3-2]
(the condition for full employment) and equation [4] (perfect competitive condition)
to hold. Hereafter, this boundary domain is called the “price possibility frontier,”
after the “production possibility frontier.” The situation is the same as in Figure 9.

Figure 10 shows the price possibility frontier on the p, — P, plane for Japan and
the U.S. Figure 11 shows this Japanese price possibility frontier as a function of
PP, prices expressed in dollars, and n. The figure illustrates how the “frontier”
varies according to change in n. Note that the price possibility frontier of the U.S. is

not affected by =.
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’ Demand for
Labor (10°
workers)

Demand for
Labor (10°

workers)

Py 0 B (102§/m2) ~
(10%yen/m?) B b, (104 yend) o p, (10%8/1)

Figure 8. Total demand function for Figure 9. Total demand function for
labor - Japan labor - U.S.

Py : Price of Cloth (10 “yen/n?, 102$/m?)

(10%yen8) < P, (10284

P, : Price of Wheat(10*yent, 10%§£)
Figure 10. Price possibility frontiers Figure 11. Dependency of price
- Japan, U.S. possibility frontiers on 7 - Japan

Figures 12 and 13 show the supply function (equation [8]) for Japan. However,
in this study the supply function is defined on the domain of underemployment or on
the price possibility frontier, but not on the domain of excess profit. Likewise, the
demand, export, and supply functions in the world market mentioned below are
defined using the same domain.

Figures 14 and 15 show the Japanese demand functions (equation [11]) for

wheat and cloth, respectively.

15 Sy
10 (10°m?year)

i

p, (10284

(10%§/m?) &

Figure 12. Supply function - Japan, Figure 13. Supply function-Japan,
wheat, where 7 =107 cloth, where 7 =107
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(10°t4ear)

Figure 14. Demand function -
Japan, wheat, where 7 =107

145

(10°m?fear)

DY

26 12 4
(10%§/m?) o b, (10%84)

Figure 15. Demand function -
Japan, cloth, where 7 =107

Figures 16 and 17 illustrate the Japanese export functions (equation [12]) for

wheat and cloth, respectively, while Figures 18 and 19 show the U.S. export

function (equation [12]) for wheat and cloth.

Ey
(10%tear)

°
°

8.0

1.9
15.7

P (10284

Figure 16. Export function - Japan,
wheat, where =107

EAx
(10°tgear)

s (10% )

Figure 18. Export function - U.S., wheat

EJY
(10°m?4ear)

pY
(10%/m?) R N
< 3 p L (0%

Figure 17. Export function - Japan,
cloth, where 7 =107

(10*m?4ear)

s 7 b, (10754

Figure 19. Export function - U.S., cloth

3.4. Deciding the trade equilibrium point based on the price possibility frontier

Next, to construct a more general framework, each function is referred to by a

general type. Each function and condition necessary to decide the trade equilibrium

point by the general equilibrium model are described in subsections (1) through (8)

below.
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(1) Supply function (expressed by the currency of country K)

Xy = X (p)

X = X (pkn )

.’X

k

(X

I , - output of each good in country K. p,,---,p,_ : prices of

each good expressed by the currency of country K.)

(2) Function for income (expressed by the currency of country K)
[14] Y, =Y (pyop,) = Py X+ Hp, 0 X (k=1,--,m)
(Y, : income of country K)

(3) Budget constraint (expressed by the currency of country K)

[15-1] p,(X, =D, + - + p (X, -D) =0
(k=1,--,m)
[15-2] S+ o B, =0 (k=1-,m)

(D,,,"++,D,, : demand for each good in country K)

(E,, -, E,, : exports of each good from country K)

k

(4) Demand function (expressed by the currency of country K)

Dy, =1 {pklv”'vpkm Yk(pmv"'vpkn)} =Dy, (Ps s D)
[16] : (k=1,-,m) (Note 4)

D, =}, {pm-,“‘spkm Y, (P> P )} =D, (Pas s Di)
(5) Export function (expressed by the currency of country K)

E,=X, Dy =E,(pu, ", Pp)
[17] : (k=1,---,m)
E X

= X = Dy = By (P 11)

(6) Export function (expressed by international currency [$])
E, = E,(mp,mp,)

Ekn - Ekn(’]rkpU. ) Wkpn)
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(p,,+,p, : prices expressed by international currency [$])

m, : [currency of country K]/[$] exchange rate, m = [$]/[$] exchange
rate = 1)

(7) Condition for the physical balance of supply and demand in the world market

ml

Sy = SWl(ﬂ-l’”.’Wlﬁpl"”’pn) =E +-+E =0
[19] :
Sy = SW'n(ﬂ-N”.’ﬂ—n,’pl’”"pn,) =E, ++E =0

(S

w25y, © supplies of each good in the world market)
By solving equations [18] and [19], each value of p,---,p, ,p, .., D, is
specified as a function of p, (i : good index, arbitrarily chosen), 7 ,---,m  (Note

5). If these p,,-,p -, p, are substituted into equation [18], the values of

io—19 Pioy1o”
E - E (k=1--,m)are specified as functions of p_, 7, --,7w .
(8) Price possibility frontier

F;c(p/m ...... 7pk”):() (].;:17...7m)

[20] F;v(ﬂ—kpp """ ,ﬂ'kp") =0 (k = 17"'7m)

If p,p, »p,.»D, » which have been specified as a function of p

io 2

Ty, T are substituted into equation [20], the equilibrium values of

m—1
p, > ™, ,m,  are specified. Then, all the values of 7 ,---,7  , p, -, p, and

E ;- B, (k=1---,m) are specified.

3.5. Specification of the equilibrium point of trade by three-dimensional
diagrams

Figures 20 and 21 show the supply functions of wheat or cloth in the world
market (left-side member of equation [19]).

Figure 22 illustrates how the trade equilibrium is attained. Curves QR and ST in
this figure show the price possibility frontier (equation [20], or more explicitly
equation [10]) for Japan and the U.S., respectively, in the case of 7=90 (yen/$).
Therefore, the inner domain of OQR shows the domain of underemployment for
Japan, as described above. Curve OU represents the Japanese “line of self-sufficient

equilibrium” of wheat; that is, the set of (p_, pq/) , which brings about £, (export of
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wheat from Japan) = 0 in Figure 16. The curve OU also shows Japan’s line of self-
sufficient equilibrium for cloth; that is, the set of (p, py), which brings about EJy
(export of cloth from Japan) = 0 in Figure 17. These two lines overlap because, as
apparent from equation [15-2]—or more explicitly from equation [6-2]— E, =0

inevitably leads to F,, =0 in each country in the case of the two-goods model.

S
(10%tyear)

Py
(10%/m %)

Figure 20. Supply function in the world Figure 21. Supply function in the world
market - wheat, where 7 =107 market - cloth, where 7 =107

Domain OUR shows the range where the set of (p , py) creates F, >0 (excess
exports of wheat from Japan) and at the same time brings about £/ S 0 (excess
import of cloth to Japan). Similarly, domain OUQ shows the range in which
E, <0 (excess import of wheat to Japan) and E{,y > 0 (excess export of cloth from
Japan) occur. Moreover, domain OVT shows the range in which E, >0 (excess
export of wheat from the U.S.) and F 1y S 0 (excess import of cloth to the U.S.)
occur, and domain OVS shows the range in which F, <0 (excess import of wheat
to the U.S.) and EAy > 0 (excess export of cloth from the U.S.) are brought about.

Curve OAB shows the line domain where the set of (p, py) creates an
equilibrium of supply and demand for wheat in the world market; that is, the range
where S, = 0 in Figure 20. At the same time, curve OAB shows the line domain
where the equilibrium of supply and demand for cloth in the world market is
created; that is, the range where Swy = 0 in Figure 21 is brought about (see Note 5).

Figure 23 illustrates how the curve OAB in Figure 22 varies as the value of @
varies. The table for Figure 22 indicates the present and future states of points A, B,
and C in Figure 22. This table implies that, under the study’s assumption that
w,,w, are given externally, n varies toward the equilibrium value where the three

points A, B, and C coincide and trade equilibrium is attained (Note 6).
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Figure 24 shows how the ordinates (i.e., the value of p,) of points A and B in

Figure 22 vary as the value of & varies. As illustrated in this figure, points A, B, and

C coincide with each other and trade equilibrium is attained when « = 107 (yen/$).

Figure 25 is the same as Figure 22, except for the case of = = 107 (yen/$), that is,

the case of trade equilibrium. Figure 26 is the same as Figure 25, except for the case

in which actual data are used, as stated below.

: Price of Cloth (10%$/m?)

Py

Figure 23. Surface to bring about equilibrium
in world trade - common to wheat and cloth

Py : Price of Cloth (10 ?$/m?)

Figure 25. Equilibrium point of
trade (result from temporal data)

12
‘Table for figure 22 (Process leading to trade equilibrium)
10
3 Point Present  State Next (Future) - State
6 A Japan: Underemployment wiloral B—A
4 B U.S.: Imperfect cpmpeition wyloral A-B
2 World market: Oy ly of
Vorld market: Oversupply o y . (i
0 , ¢ cloth & undersupply of Wheat pldpd cal - coa~b)
0 5 10 15 20 25
p, : Price of Wheat (10%$/1)
Figure 22. Specification of the trade equilibrium point
9
5 « Value of py at point B in Fig.22 ~Japan
I © Value of py atpoint A in Fig.22 -U.S
., 0 (1.07,477)
T
Py s 5 oo,
(1028 ) R ‘““‘iﬂmmmumn
0.6 = OB g0
1.0 a z o ., :‘:-:mummq,
. ‘ .
(1078 yen) 0 t * * t * !
° 0.8 1.0 1.4 18 2.2 28 3.0
P, (10284
TC(10%yen/s)

Figure 24. Specification of 7 (yen/$ rate)

0.3

< =173

s

2 o2

S

°

o

S 01

°

L

o

L ‘ g 0o L L ‘

5 10 15 20 25 0.0 [ 10 15
P, : Price of Wheat (102§.4) p, : Price of Wheat (10%$4)

Figure 26. Equilibrium point of

trade (result from actual data)
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Table 3 (1) — (3) shows the outputs, prices, and the level of utilities in the
equilibrium state before and after specialization. Naturally, exports and imports in
this table coincide with the one offer curve revealed. This table also illustrates the
trade profits.

Table 3. Effects of specialization (result from temporal data)
(1) Effects of specialization on supplies etc.

Agriculture (10%/yr) Manufacturing (10°*m?/yr)
Japan U.S. World Japan U.S. World
S, 15 60 75 10 20 30
Present Values D, 15 60 75 10 20 30
E, (=S,-D,) 0 0 0 0 0 0
N 10.0 68.2 78.2 22.7 12.1 34.8
Values After Specialization D' 24.4 53.8 78.2 4.4 304 34.8
E'(=S-D) -144 14.4 0.0 18.3 -18.3 0.0
AS (=8S'-S,) -5.0 8.2 3.2 12.7 -7.9 4.8
Increment
AD (=D'-D,) 9.4 -6.2 3.2 -5.6 10.4 4.8
(2) Effects of specialization on prices
Agriculture (unit:t) Manufactu;mg Exchange Rate
(unit:m°) (10° yen/
yen/$)
Japan U.S. Japan U.S.
7 - ok ook
Prosent Values (po) (10 );en/utjlt) 16.67 3.57 .
(10°$/unit) ok 5.00 ok 6.67
S . (10%yen/unit 6.46 5.08
Values After Specialization (p') ((10¥$/um't)) 6.06 477 1.07
Increasing Rates (Ap/p,) -61% 21% 42% -29% HAE

(3) Effects of specialization on level of utilities

Japan U.S.

Present Values U, 4.57 15.07
Values After Specialization U 5.49 15.67
Increment AU/U, 20.2% 3.9%

4. Simulation with Actual Data
4.1. Setting up the sectors

Here, Japan and the U.S. are again the focus, and two sectors are considered.
The first sector is comprised of four sectors (“agriculture,” “forestry,” “fishing,” and
“food”; Note 7), and the second sector is comprised of three sectors (“general

29 <

machinery,” “electric machinery,” and “transportation equipment”). The first is set
as the sector of Japanese comparative disadvantage (i.e., U.S. comparative
advantage). The second is set as the sector of Japanese comparative advantage (i.e.,

the U.S. comparative disadvantage). The first integrated sector is simply called
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“agriculture” and the second is simply called “machinery” hereafter. Simulation is
carried out by the two-sector, two-country model using actual data.

Table 4 includes the actual data used, parameter values of the production
functions, and wages calculated from actual data (Ministry of Economy, Trade and
Industry, 2005; OECD, 2002).

Table 4. Statistical data and estimated parameters

Japan uUs.
Agriculture” Machinery Total ~Agriculture” Machinery — Total
Compensation for Employees (Y;°?) [10"8/yr] 5.62 2481 25572 11.31 35.80  570.18
Property-type Income (Y°) " 10.41 11.80 172.95 15.21 17.96  334.28
~ Value Added (Go) " 20.97 38.70 465.82 29.24 5497 9771.38
qz Domestic Products (X,) " 46.44 103.46 841.16 76.90 147.68 1687.53
% (T];Iazlgfg;if'g;ema"ds v 5142 8190  834.93 7767 166.50 1729.57
= Exports to the U.S.," to Japan " 0.07 10.42 15.42 1.32 3.25 8.59
g Exports to ROW B " 0.19 22.79 37.21 3.89 34.55 86.83
= Exports (E)) " 0.26 33.21 52.63 5.22 37.80 95.42
é Imports from the U.S., " from Japan " 1.32 3.25 8.59 0.07 10.42 15.42
§ Imports from ROW " 391 8.40 37.81 5.92 46.20  122.04
«\ Imports (M,) " 5.23 11.65 46.40 5.99 56.62 137.46
Employees (L, ) [10°persons] 0.05827 _ 0.04669 _ 0.66610 0.05332 _ 0.06591 1.49805
Foreign Exchange Rate (7,) [yen/$] 107.77
3., fzr;"(“gi,’lf/f(sr[‘ﬂf‘\‘f:ig’" Function 0.35 0.68 0.43 0.67
E 2 Parameter of Utility Function (1) 0.50 0.21 ok 0.50 0.40  ***
2> Wages (w) ( =Y,"L, )" [lOifS/ps/yr] 383.9 380.6
[10"yen/ps/yr] 413.7 410.2

1)Includes the "forestry", "fishing" and "food" sectors.
2) "o" indicate that the value is the "present" value.

3) ROW; rest of the world.

4) Caluculated using the values in each "Total" column.

4.2. Specification of parameter values
Specification of equilibrium outputs before specialization

Outputs (physical amount) of each good are specified by adopting a “dollar
value unit” (abbreviated by “$vu” hereafter) as the unit of physical output. The
“dollar value unit” is defined as the physical amount of goods that could be bought
with one dollar (more precisely, by one US dollar in 2000, the year when the above
actual data were collected; Niida 1978). When $vu is adopted, outputs in physical
units coincide with outputs in the monetary units in Table 4.

For outputs (i.e., demands) in equilibrium states before specialization, total
domestic demands (D,) in Table 4 are adopted. In general, outputs before
specialization should be calculated using the Leontief inverse matrix (Morishima,

1956); however, for convenience, a simpler method is used here.
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Specification of « in the production function

If production functions are assumed as in equation [1], relations between Y
(compensation for employees), Y, (property-type income; i.e., the producer’s

surplus), and G, (gross value added) are expressed as equations [21] and [22]

below:

p=pX)= v X% (From equation [8])

aA/

- v x a’].X/:L.X/%

aA% aA%

(p', X': price or output of each good at any time during the process of

specialization)

[21] Y = f dX—— Yy ax = x - aa,
A 0 AA

[22] Y, =G, -Y, =(1-a)-G,, (Note 8)

Y
2 Sa="1
- ’ Am

Values of « are specified by equation [23].
Specification of X in utility functions

In the case where the utility function is defined as equation [2], if either A or
A, is specified, then the other is inevitably decided by the relation noted in Table 2.
Insofar as this relation holds, the difference of A , A, has no effect on exports and
imports (Table 5(1)) or prices (Table 5(2)) in the equilibrium state, although this
difference does affect the level of utility (Table 5(3)). Therefore, a completely
arbitrarily value of A\ = 0.5 is set in each country.
Specification of w

As mentioned above, w is supposed to be an exogenous variable and constant
during the process of specialization. No difference in wages between the sectors in

the same country is assumed, and w is calculated as wa—L (Y, : total

o

compensation for employees in all sectors in the country at present, L : total

employees in all sectors in the country). The value in [10%yen/person/year] units
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(i.e., 413.7) in Table 4 is adopted for the Japanese wage, and the value in
[10°$/person/year] units (i.e., 380.6) is adopted for the U.S.

4.3. Results

Table 5 (1) — (3) shows the results from the above parameters. As a result of
specialization, agriculture outputs decrease by several tens of billions of $vu and
machinery outputs increase by over one hundred billion $vu in Japan; additionally,
the former increases by several tens of billions of $vu, and the latter decreases by
over one hundred billion $vu in the U.S. This result coincides with the direction of
actual trade.

Table 5. Effects of specialization (results from actual data)
(1) Effects of specialization on supplies etc. (unit: 10'°$vu )

Agriculture * Machinery
Japan U.S. World Japan U.S. World
S, 514 71.7 129.1 81.9 166.5 248.4
Present Values D, 514 71.7 129.1 81.9 166.5 248.4
E, (=S,-D,) 0.0 0.0 0.0 0.0 0.0 0.0
S' 473 82.3 129.6 96.0 153.1 249.1
Values After Specialization D' 55.7 73.9 129.6 70.5 178.7 249.2
E'(=S-D") -8.4 8.4 0.0 25.5 -25.6 -0.1
AS (=S-S,) -4.1 4.6 0.5 14.1 -13.4 0.7
Increments
AD (=D'-D,) 4.2 -3.7 0.5 -11.4 12.2 0.8

1) $vu (=dollar value unit) =material amount of goods that can be perchased with one US dollar in the year 2000.

"o

2) Includes the "forestry", "fishing" and "food" sectors.

(2) Effects of specialization on prices

Agriculture 2 Machinery Exchange Rate (10*
Japan U.S. Japan U.S. yen/$)
Present Values ( p,) > (10 yen/Svu) 134 77 035 o
° ($/Svu) HAE 0.61 HAk 0.23
7
Values After Specialization (p') (10 yen/$vu) 115 0.38 1.73
($/$vu) 0.66 0.22
Increments (Ap/p, ) (%) -14.2% 8.2% 7.8% -4.2% Hokk

3) If the competitive condition (eq.[4]) holds perfectly, values in the upper row of this space will become 7, (=1.0777
[10%yen/$vu] ) and values in the lower row will become 1.0000[$/$vu].

(3) Effects of specialization on the level of utilities

Japan US
Present Values U, 17.9 66.8
Values After Specialization U 18.0 67.0

Increment AU/U, 0.9% 0.3%
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5. Conclusions

The method presented in this study offers several novel and advantageous
features. First, use of this model enables an intuitive understanding of the process
leading to the state of trade equilibrium. Second, because this model approaches the
Ricardian model when o —1, a simple comparison can be made between the two
models. Finally, if the production function has the fundamental property of
decreasing return to scale, other restrictions on the function can be fairly loose. For
example, there is no need to assume the same production function in each country.

The previous model (Ejiri, 2005, Note 9) focused on how evaluation of public
benefit from forestry affects the pattern of internal specialization. The main goal of
the present study is to clarify the direction of future research—it improves on the
previous model by incorporating price into general equilibrium trade theory. The
results imply that the method presented here, which reveals the principle of
comparative cost theory using three-dimensional diagrams, may be helpful for this
purpose. It will also be helpful when analyzing how subsidies for public benefits
from forestry or agriculture affect the pattern of international specialization (Ejiri,
1999a, 1999b). In addition, this method will be useful when econometrically
analyzing the trade of forest products within a global market (Yukutake et. al., 2003,
2006, 2007; Yoshimoto et al., 2002), especially when production functions have
been set and the proposed model is evaluated in the general equilibrium theory. It
could also be useful to evaluate the process of constructing a spatial equilibrium

model (Shimamoto, 2002).
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Note 1: The “textiles” sector is excluded because past trade friction between Japan and the
U.S. in the textile market should be taken into account. The “petroleum and coal products”
sector is excluded because the labor productivity of this sector with respect to value added in
Japan (the U.S.) is eight (two) times higher than the average value for all 13 merchandise
sectors. These extraordinarily high values probably reflect the prominent capital intensity of
this sector, suggesting that it would be difficult to explain the pattern of specialization only by
the difference in labor productivity.

Note 2: Equation [11] is derived as follows:
The defining equation for income is as follows:
[24] V=pX + - +pX,

The next function for income is derived from equations [8] and [24].
[25] Y:a1~plll’“‘ + - Hta,p,

1
I-a,

Demand function (with explicit variables for income) is derived from equations [2], [5], and
[24] as follows:

[26] X =~,Yp' (7=

i

Al
At A
Therefore, the demand function (with no explicit variables for income) is derived from
equations [25] and [26] as equation [11].

i = 17"'7” )

Note 3: It is apparent that the budget constraint holds by the next equation, which is derived
from equation [12].

[27] pE A+ o +pE =00 4y, =1)

nn

Note 4: Equations [14] and [15] are used to derive equation [16].

Note 5: Under the restriction of equation [15-2], the number of independent equalities in
equation [19]is m — 1 by Walras’s law. The number of unknown variables in equations [18]

and [19] are n +m —1 (ie, D+, p,and w,---,m ). Therefore, there remain m

unknown variables after solving equations [18] and [19] as follows:
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b = f;(pm‘rﬂ-l’“.:ﬂ-m—l)

Dot = ot (Pios T3 T y)
Pigs1 = [,

o+1 (pmv T Ty )

p, = n(pm 7r17"'77ryyv—1)

This simultaneous equation expresses a curve with parameters of ,---, inn -

3 m—1

dimensional {p,,---,p,} space. For example,

1) In the case of two sectors and two countries — p, = f(p,, 7). This equation expresses

a curve with a parameter 7 in two-dimensional { Dys py} space.
p, = fl(p,:77rlv7rzv7r3)

2) In the case of three sectors and four countries —
p. = L9,y m,)

. This equation

expresses a curve with parameters 7 , 7, , and 7, in three-dimensional {pﬁ D, pz}

space.

Note 6: If 7 is supposed to be an exogenous variable, then the rate of wage w%w is specified.

Note 7: The reasons why the primary industry sector is aggregated with the food product sector
are as follows: (1) Many workers in the primary sector work there as a side job, especially in
Japan, and therefore it is not appropriate in economic analyses to deal with the primary sector
alone; (2) Recently, there has been greater recognition of the importance of policies that
integrate the primary and food product sectors.

Note 8: In this study, producers (entrepreneurs) are assumed to consume all producer
surpluses, as specified by equation [22], and to buy final goods according to the same principle
as for workers’ consumption. Namely, the producer is assumed to consume goods based on the
same utility function as the worker. In this case, the sum of producer and worker consumptions
becomes Y, +Y, =(1—-a)-Gy, + -G, = G,,. Summing up each side member of this
equation with respect to all sectors leads to the “left-side member = G, (gross domestic
expenditure) ” and “right-side member = G/, (gross domestic product).” This means that the

relation “gross domestic expenditure = gross domestic product” falls under this assumption at
any time during the specialization process.

Note 9: In this study, the production function was limited to the Leontief type; thus, inputs for
intermediate goods were fixed automatically, according to the output for each type of good.
Therefore, when incorporating price factor, only equilibrium in trade of final goods should be
assumed to be fixed by supply export and demand import curves. As for the forest products,
the curves estimated by Yukutake et al. (2003) and Yukutake et al. (2006) are applicable.
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