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This paper discusses development of a multi-country, multi-
commodity linear trade model that includes intermediate goods.
This new model improves the author’s previous model by rigidly
formulating the supply and demand conditions for each good
according to the final demand for that good as a linear function of
gross domestic product (GDP). Parameter domains of 9, (i.e., the
level of public benefit - in monetary terms - provided by the forestry
sector in country K, assuming that the forestry sector maintains its
present output level) are investigated where the pattern of forestry
specialization in each country reverses from its primary state. These
domains were identified in three-dimensional (%, spaces. Public
benefit was assumed to be directly proportionate to the country’s
forestry output. Calculations were made using data from the
“Asian International Input-Output Table 2000.” Simulations were
conducted to examine interactions between Japan, the U.S., and
China. Results showed that (1) if the present public benefit from the
forestry sector in each country is not considered at all, then forestry
output should be decreased in Japan, (2) when public benefit is
considered, a “reverse domain” (in which desirable outputs increase)
certainly exists within the range of ¢4 =0 — 1.0(101°$/year) in the
three-dimensional ¢, spaces, and (3) when the agriculture, forestry,
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and fishery sectors are aggregated into one sector and public benefits
from these sectors are evaluated together, this “reverse domain”
exists within the range of ¢9 = 0 — 70(101°$/year) in the same
spaces.

1. Introduction

If a country were to attempt to increase the rate of self-sufficiency for
its forestry sector or primary industry, the public benefits provided by
these sectors should be internalized into trade models. That is, if one
were to meaningfully analyze the extent to which evaluation of these
public benefits reverses the specialization pattern of these sectors, it
would be necessary to construct a trade model with a good command
of actual international input-output data.

Although the Ricardian model is simple, it provides a good explana-
tion of the mechanisms of international trade. In recent years, there
have been many attempts to augment this model to formulate a multi-
country, multi-commodity model or a model including intermediate
goods, but none of these efforts have included adequate command of in-
ternational input-output data (Jones and Kenen, 2002). I devised such
a model in a previous study (Ejiri, 2005) to compensate for abandoning
price changes. The distinctive feature of this model is that it combines
the Ricardian model and input-output data, thus making an analy-
sis that includes intermediate goods possible. However, the model is
unable to rigidly formulate the supply and demand conditions for each
good in the world market. It allows a gap between supply and demand,
and shows the degree of this gap in the parameter values. The disad-
vantage of this method is that the pattern of specialization suggested
by the optimal solution depends largely on the parameter values.

The model presented in this paper addresses the parameter depen-
dence problem. The model’s chief advantage is that the supply and

demand conditions for each good are rigidly formulated according to
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the domestic final demand for that good as a linear function of the
country’s gross domestic product (GDP) (Ejiri, 1997). Naturally, the
intermediate demand for a good is determined automatically by the
output of that good. The previous model was only applied to Japan
and the U.S., but the improved model is also applied to China. As
in the previous study, barriers to trade, including transport costs and

tariffs, are ignored.

2. Background
2.1. Basic implications of the Ricardian model

The Ricardian model predicts trade profit by looking at the difference
in relative labor productivity between sectors across countries (Kimura,
2000, Koizumi and Aihara, 1981, Komiya and Amano, 1979, Watan-
abe, 1991). Table 1 shows parameter values in a two-country, two-
commodity schematic Ricardian model. Table 1(1) and 1(2) indicates
the output and allocated labor force at the primary stage. (Values are
hypothetical.) Table 1(3) shows the average labor productivity calcu-
lated from these values. These labor productivities are assumed to be
constant. Table 1(4) shows gains in world output when Japan special-
izes in the production of cloth and the U.S. in wheat. This table also
shows world trade can lead to profit for each country, even when all
sectors in one country (here it is Japan) are inferior to another (here it
is the U.S.) with respect to absolute labor productivity.

Figure 1 illustrates the essential concept of the Ricardian model. Fig-
ures 1(1), 1(2), 1(3) show the production possibility frontiers of Japan,
the U.S., and the world, respectively, in the case of Table 1 (Ito and
Oyama, 1985). Figure 1(3) shows that if the specialization shown in Ta-
ble 1(4) were achieved, world outputs of wheat and cloth would increase
by 15 (108t/year) and 12.5 (108m?/year), respectively. Furthermore,

if “proper” trade were carried out by each country, it would be pos-
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Table 1. Parameters for the Ricardian model
(1) Output at the primary stage

Japan U.S.

Agriculture <Wheat> (10°t/y) 35 150
Manufacturing <Cloth> (10°m®/y) 22.5 40

(2) Allocated labor at the primary stage (108p5)

Japan U.S.

Agriculuture 0.7 1.5
Manufacturing 0.3 0.5

Total (Endowed) 1.0 2.0

(3) Labor productivity

Japan U.S.

Agriculture <Wheat> (t/ps/y) 50 100
Manufacturing <Cloth> (m*/ps/y) 75 80

(4) Gains in world outputs from specialization

Wheat (10°%/y)  Cloth (10°m%/y)

World outputs at primary stage 185 62.5
J—Cloth, U.S.—Wheat Specialization 200 75
Gains in world outputs 15 12.5

(1) Output at the primary stage, (2) Allocated labor at the primary stage, (3) Labor

productivity, (4) Gains in world outputs from specialization.

sible to realize a state of consumption that would bring about higher
standards of living (i.e., welfare). To simplify the discussion, I impose
the following two assumptions with respect to the utility function: i) If
it is inevitable that the feasible domestic consumption of one or more
goods decreases after specialization, even if the domestic consumption
of other goods increases, then countries will never accept this type of

specialization because they will necessarily experience a drop in the




1 !

Identification of the Reverse Domain of Forestry Specialization 177

Cloth

160

(1) Japan

(2) USA

Cloth

75

(150,40)

Wheat Wheat
o o

5 20

Cloth (108m2/y)

235

(3) World

160

(200,75)

Wheat(108t/y)

200 250

Figure 1. Essential concept of the Ricardian model

standard of living. ii) In the case that does not contradict assumption
i), and if it is possible that the feasible domestic consumption of one
or more goods increases after specialization, then countries will pursue
this type of specialization because they will necessarily experience an
increase in the standard of living.

Given these assumptions, the acceptable domain for each country
becomes the upper right region (i.e., the region between the two chained

lines) of the primary activity point in Figure 1(1) and 1(2). Moreover,
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because Japanese wheat imports must be equal to U.S. wheat exports
and Japanese cloth exports must be equal to U.S. cloth imports, Japan’s
possible wheat import has an upper limit, and Japan must export more
than its lower limit, by an acceptability condition of the U.S. Given
these two restrictions, the Japanese domain of feasible consumption
is further limited to the rectangular domain surrounded by both the
chained lines and dotted lines in Figure 1(1). Likewise, the U.S. domain
of feasible consumption is limited to the rectangular domain surrounded
by both chained lines and dotted lines in Figure 1(2). It can easily be
proven that if the world output of both goods increases as a consequence
of specialization, then these domains necessarily exist for each country.

To identify the amount of trade leading each nation to these rectan-
gular domains, lines of terms of trade are used, each of which has the
same terms of trade and starts from each activity point after special-
ization, i.e., (0,75) for Japan and (200,0) for the U.S. In Figure 1(1)
and 1(2), a line with 1:1 terms of trade is drawn as an example. This
shows the basic implications of the Ricardian model and reveals the
reason behind the increase in the standard of living for each country
(i.e., each country specializes in the sector where it has a compara-
tive advantage, rather than an absolute advantage, and then exchanges

goods “properly” by trade).

2.2. Brief positive analysis of the Ricardian model

“Positive analysis” is an empirical analysis that analyzes the struc-
ture and function of an actual economic system. “Normative analysis”
is a critical analysis intended to design an ideal economic system, re-
gardless of the actual economies.

Figure 2 shows the weighted correlation between ¢, (Japan/U.S. la-
bor productivity) and Ae (the ratio of <Japanese excess exports to

U.S.>/<outputs of Japan>) with respect to 24 goods (sectors) listed
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Figure 2. Correlation between ¢, and AE (Japan/U.S.)

Note) qr = qa/qp, where ga = Xa/La, qg = Xp/Lp, Ae = AEsp/Xa =
(EaB — MaB)/Xa, weight: wg = VEAFEB.

in Table 4 described below (Krugman and Obstfeld, 2003). Table 2
shows the same correlation coefficients, weighted in the same way, be-
tween each pair of countries in the table. Because pairs of countries
with significant correlations were limited, one should be careful when
applying the Ricardian model for positive analysis among the coun-
tries. However, the present study remains valid because its goal is a
normative analysis of the impact of the internalization of public benefits
from the forestry sector, not a positive analysis of the present pattern

of trade. Anyway, Figure 2 shows the applicability of the Ricardian
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Table 2. Correlation coefficient between ¢, and Ae

AN B Ind. Mal. Phi. Sin. Tha. Chi. Tai. Kor. Japan USA

Indonesia 0.2 016 -037 -0.12 043 005 003 -054 -0.26
Malaysia ~ 0.13 058 029 011 009 036 048 046 049
Philippines 045 0.8 005 -006 082 093 065 -0.15 -047
Singapore  -038  0.01  -0.19 029 -0.17 077 078 0.9 084
Thailand 020 0.03 -057 021 026 028 050 037 041
China 059 039 053 064 0.10 012 026 018 -043
Taiwan 0.10 013 088 049 -003 -035 038 -0.17 -045
Korea 020 045 005 094 008 -025 -0.13 037 036
Japan 0.1  -021 072 -0.64 001 021 -042 -020 0.79
USA 004 032 030 076 020 012 021 026 0.66

model for positive analysis of actual trade between Japan and the U.S.,
and this fact reinforces the applicability of this model for normative

analysis between other countries.

3. Formulation of a linear trade model
3.1. Variables

Terms and variables used in this study are defined as follows. “World
market”: countries economically affected by the specialization of any
country in the group and whose outputs, exports, imports, and so on
may change as a result of this specialization. “Countries outside the
world market” or “rest of the world”: countries unaffected by special-
ization. ’: Variables with this superscript may change their value during
the process of specialization. Variables without this superscript always
retain their primary value. °: primary or initial value of a variable
with a / superscript. K: index of countries within the world market
(K =1,...,m). (In the following analysis, instead of K, the subscripts
J, A, and C may be used to denote Japan, the U.S., or China, respec-
tively.) i: sector index (i = 1,...,n). Xj =" (X}q,..., X}k, ): vector

of outputs in country K. Ag: matrix of input coefficients for country
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K, which is given by

akir -+ AKin
AGKn1 " A Knn
Fjo = "(ff1s---s [n): vector of final demand in country K. D:

total domestic demand for each good in country K (D} = Ag X} +
Fyj,). EY%: exports of each good from country K. M imports of
each good to country K. FEggr: export of each good from country
K to countries outside the world market. (“R”="%rest of the world”)
My r: import of each good from countries outside the world market
to country K. G% = (Glq,...,G%,,): vector of gross value added
in country K. gx = (9x1,---,9kn) (9xi = G%;/X%,;): vector of
gross value added coefficients in country K. L% = (L, -, L%,):
vector of employment by sector in country K. lx = (Ik1,...,lkn)
(lgi = LY,/ X%.;): vector of employment coefficients in country K. LS
(= Y, L,): total labor force of country K. (L%, the total labor
force of each country, is assumed to have been endowed and is therefore
fixed.) G% (= Y1, G%;): GDP of country K. Gy, (= Y %_, G):

sum of the GDPs of all countries within the world market.

3.2. Restrictions

Restrictions used in this linear trade model are as follows:

1) Restriction on the labor force: The total amount of labor in all
sectors in each country cannot exceed the total labor endowment of

the economy.

[2] IxX) <Ly (K=1,...,m)

2) Restriction on GDP: The GDP of each country cannot fall below its

primary level (the level before specialization) subsequent to specializa-
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tion.

8 gkXk=G% (K=1,...,m)

3) Restriction on supply and demand: i) The supply of each good must
be equal to the demand for that good within the world market.

[4] Sw = Dy

Si,,: supply of each good within the world market, D7;,: demand for
(St y g -

each good within the world market)
[5] S{/V:ZX}(‘FZMKR
K K
ii) Domestic final demand for each good is linearly dependent on the

GDP of the country.

[6] FI/(Et(Fll(lv'--7FI/(7L)
arx1Gx + Bk, -, axnGyx + Brn)

~
—

="ak1,...,axn) G + "Bk, ..., Brn)
=gy arn) (Gr1s - 9xn) " (Xirs s Xien)
+ (Br1s - Brn)
= arggr X + Bk,
where
- ax ="ag1, - akn), Br ="(Br1, .-\ Brn)
(V" Gx =91 Xgy + -+ 9xnXin)
(8] . Dy = Ag X + Fie = [Ax + axgr] X + Bk
[9] S Dy =Y Dic+Y Exg
K K

= Z[AK + akgr] X +ZﬁK +ZEKR
K K K

e ;
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iii) From equations [4], [5], [9],

[10] D X+ Mgr=>) [Ax +axgx] Xk
K K K
“FZ,GK +ZEKR-
K K
[11) S - Ak — akgk] Xic = > [Ex — Mg + Bx]
K K

(Bx = 0 is assumed. However, tests with random numbers show that
almost all realistically meaningful Bx values other than Bx = 0 also

lead to feasible solutions of this linear programming problem.)

4) Restriction on the output of each sector: The output of each sector
cannot fall below its minimum limit and cannot exceed the maximum

potential output of the sector.

'YKiminX}O{i S X}{Z S ’VKiman?{i

12] .
('YKimin < 1, YKimazx > 1, K = 1,...,m, 1= 1,...,1’L)

5) Restriction on non-tradable goods: The absolute value of excess
exports of each non-tradable good in each country cannot exceed its

absolute value at the primary stage.

|AEY;| < |AE%,]|

[13] ) , ,
(ABy; = By, — My, AE}, = By, — My,)

(K=1,...,m,i=inT, inyT: sector index for non-tradable goods)

The goods of three sectors, i.e., “20. Electricity etc.,” “21. Construc-

tion,” and “24. Public administration,” are treated as non-tradable
goods here.
[14] Xy +Mj =Dy + Ey

e
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[16] S ABr — |AE% Y i—iy, ST - Ak —akgr] Xty
<{Bk +[AEk|}i;,

3.3. Objective function
The “objective function” is defined as the total amount of each coun-
try’s GDP within the world market, and the maximization of this func-

tion is planned.
[17] max : Gy = Z G = Z gr Xk
K=1 K=1

3.4. Internalization of the public benefits from the forestry
sector in the linear programming model

“True GDP” is defined as the sum of the GDP and public benefit,
in monetary terms, provided by the forestry sector in the country, and
this index denotes the true welfare of the nation (Ejiri, 1996, 1999a).
This study recognizes that many forestry operations, such as thinning
(not clear cutting), may result in a simultaneous impact - producing
timber and benefiting the public, for example (Ohta, 1., 2005, Ohta,
T., 2005, Yoshimoto et al., 2005). The forestry sector’s support of local
communities and the forests they depend on is also considered a public
benefit. Therefore, public benefits, in monetary terms, provided by the
forestry sector are collectively handled as follows.

No matter whether “zoning” is done or not, public benefits (in mon-
etary terms) provided by the forestry sector in the country can be at-
tributed to a) public benefits that are independent of output, b) public
benefits that are considered part of the increasing function of relevant
forestry output, or ¢) public benefits that are considered part of the

decreasing function of relevant forestry output. That is to say,
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Ok =cx + oA (Xgpa) + ox8 (Xkrp),

(18]
(Xkrp=Xkpa+ Xkgrp)

where ¢’ is the amount of public benefit, in monetary terms, provided
by the forestry sector in country K (unit: 10'° $/year), cx is con-
stant that is independent of the values of X} 4 or Xk pp (unit: 1010
$/year), oxa (Xjipa) is increasing function of X pa, 0xB (Xkpp)
is decreasing function of Xy pp, Xj g is output of the forestry sector
or primary industry in country K, (z: the sector number of forestry
or primary industry. Unit: 10'° $/year), X} p4, Xjpp are the por-
tion of X} that can be categorized into a variable of ¢k 4 and pxp,
respectively (unit: 1010 §/year).

This study adopts the following linear approximation:

(19 orA (Xipa) =cxa+dxaXkpa,
oxB (Xkrp) = ckp —dxXkpp
where ¢k a, dia, ckp, dxp are constants(> 0). Therefore equation

[18] can be transformed as follows.

20] Ok —cx —cxa—cxB =dgaXps — dxpXipp
Xirp Xirp

This study assumes the following relations:

[21] X}(FA _X}{FB _X}(F

kra  Xkre  Xkr
where X¢. p, X% pa, X% pp are the present value of Xy p, Xppq and
X' rp, respectively. Under this assumption, equation [20] can be trans-

formed as follows.

Xkra dicp X?{FB) X p

[22] O — CK —CKA — CKB = <dKA
Xkp Xkr

e
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If ¢ — cx — cxka — cxp is redefined as ¢/, it can be rewritten as

follows.

23] o= X (K=1,...,m)

where, 0% (= dxaX% a4 —dxB X% pp) (Parameter) is the level of pub-
lic benefits, except what is independent of the values of X}, and
Xk rp, in monetary terms, provided by the forestry sector in country
K, assuming that the forestry sector maintains its present output level
(i.e., before specialization). This condition only fixes the output level,
not the type of forestry operations. Therefore, this value may change
depending on the nature of future forestry operations. There is also
the possibility of ¢ < 0 in some countries.

Using equation [23], the objective function [17] is transformed into

the following equation [24]:

[24] w = Glg
K=1

[25] r (G + ¥x)

Mz 114:

{91 X5e1 + -+ (9 F + 0%/ Xkcr) Xk p

=
E‘

+ .‘]KTLX}{n}

where Gy, is the sum of the true GDP of each country within the world
market and G,y is the true GDP of country K (G j; = G + ¢).
The optimal solution (i.e., the set of optimal outputs of each sector)
that maximizes the sum of true GDP in the world is investigated using

the simplex method.
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3.5. Key concepts of the model

Table 3 and Figure 3 show the key concepts of the main body of this
model (i.e., equations [2]-[12], [17]) using a hypothetical input-output
table (Morishima, 1956, Niida, 1978). Table 3(1) indicates the input-
output data of each country at the primary stage. Outputs and allo-
cated labor force in this table are the same as in the previous schematic
model (Ejiri, 2008). Under restrictions [2], [3], [11], [12] without equa-
tion [16], the objective function [17] is attempted to maximize. Table
3(2) denotes the optimal outputs of each country, i.e., the optimal so-
lutions of this linear programming problem and other derived values.
This optimal solution is denoted by the activity point T. The process
of deriving this optimal point can be explained as follows:

Equation [2] defines the production possibility frontiers of each coun-
try as lines AB and CD in Figure 3. (For the purpose of simplicity, idle
labor forces are not considered.) Then, inequality [12] restricts each of
the production possibility frontiers within the ranges of GH and US.
Inequality [3] further restricts each of the production possibility fron-
tiers within the limited ranges of GE and PS. Each line consists of
the set of activity points that produce constant GDP, meaning that
G%p; = 10.0, Gpp; = 11.0, GHpy = 44.0, and Gppy = 46.8, re-
spectively, as are also drawn in Figure 3. Given these restrictions, the
production possibility frontier in the world is specified as parallelogram
PQRS.

Figure 3 also shows that the domain of the world’s “final demand
possibility frontier,” not the production possibility frontier, consists
of the set of possible world final demand (Fyw1, Fyy2) for each good,
as parallelogram P’Q’R’S’ corresponding to parallelogram PQRS. This
domain is identified as follows. A final demand possibility frontier for
each country is first identified by the equation F' = [I — A]X (F": final

demand of each country in a broad sense, including exports and imports

e
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Table 3. Input-output table at each activity point in Figure 3

(A) Japan

(1) Before specialization (Point P)

S
X;j z

o
Fp

AE° | X°

7

3

*

X° 151 10| 25

*

*

L° | 0.75] 0.25] 1.00

*

*

(10"'$/yr, 10°ps)

!
(2) After specialization (Point S)
X'y s | Fp 4B ] X
| 50 3.0] 80| 77| -32]125
oS 6o| 85| 33| 32]150

G' | 50] 60][11.0

*

5

*

X' |12.5]150]27.5

5

5

%

L' 10.625[0.375] 1.00

P

5

*

Vimin=0.5Yimax=1.5

(3) Input Coefficients etc.

& o B
. Lo4] 02] o7] o
"1 o2] 04| 03] o
g | 04] 04| = | *
1 | 0.0s{o.02s] = | =

(Gop=0.4X,,+0.4X,,)

(1) Before specialization, (2) After specialization.

(B) USA
(1) Before specialization (Point E)
x;’ T | Fpy’ [4E°] X°
1 8] 4] 22] 38| o] 60
6 s 14| 6| of 20
G° 36 8| 44| * * *
X° 60| 20| 80| * * *
L° |1.20(0.80[2.00] * * *
(10"'$/yr, 10°ps)
!
(2) After specialization (Point F)
;i T | Fp |4E | X'
X 20.1| 3.3(23.4(404]| 3.2]67.0
6.7 6.6[133| 6.4/(-3.2]16.5
G' |40.2| 6.6[468| * * *
X' 167.0[165[835] * * *
L' ]1.34[0.66[2.00] * * *

(Vimin=0.5,Vimax=1.5

(3) Input Coefficients etc.

aj [ B
N 03| 02]o0.86 0
0.1 04]o0.14 0
g | o6 04| = | =
1 foo2|o04] = | =

(Gopa=0.6Xp+0.4X o)

[= Fp + AE; AE = E — M]; X: output of the country). Then, the
world’s final demand possibility frontier is identified as P’Q’R’S’ using

the two frontiers of each country.

Because the equation Gppg = Z?Zl Fi; holds for each country, the

next equation also holds:
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K=1 K=11i=1
= Z Z Fg; = ZFWi
i=1 K=1 i=1

In this case, n = 2, and therefore the set (Fy1, Fiy2) that brings out
equal Gppw forms lines with slopes of —45 degrees, e.g., line [. The
point (Fy1, Fyy2) that maximizes the Gppw within the range P'Q'R’S’
is identified as point R/. R’ is a point corresponding to the output point
R. Because of the restrictions from equations [11], the optimal solution
that maximizes G ppy settles on point T/. The point corresponding
to T', identified by the equation X = [I — A]~'F, is point T. After
all, the maximization of equation [17] under the additional restriction
of equations [11] is attained at an activity point T within the parallel-
ogram domain PQRS. Table 3 and Figure 3 also show that the GDPs
of each country grow from 10.0 to 11.0 (10! $/y) for Japan and from
44.0 to 46.8 (1011 $/y) for the U.S. as a result of this specialization.
This information describes the key concept of the main body of this
model, which is essentially a combination of the Ricardian model and

the input-output table.

4. Data

The “Asian International Input-Output Table 2000” (Institute of De-
veloping Economies, Japan External Trade Organization, 2006) pro-
vided the basic data. Table 4 shows output and employment data for
each sector in Japan, the U.S., and China. Table 5 indicates how each
sector may be aggregated for the purpose of investigating the effects of

aggregation.
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5. Results

In what follows, 10'° $ is the monetary unit and 10* workers is the la-
bor force unit. Furthermore, the degree X4,/ X%, to which the output
of each sector increases subsequent to specialization is referred to as
the “rate of output increase.” Additionally, I denote the rate of output
increase for the forestry sector (or primary industry output in cases in
which the forestry sector is aggregated) in country K by fx. This is
explicitly defined as fx = Xk p/X% .

Table 6 shows the impact of public benefits from the forestry sector on
patterns of specialization. Table 6(a) shows that when public benefits
from the forestry sector are not taken into account, it is desirable for
Japan to reduce its level of forestry output (and level of ” Agriculture &
Fishery” output as well) and increase its level of transport equipment
output. In contrast, it is desirable for the U.S. to increase the former
and reduce the latter. Table 6(b) shows that when public benefits from
the forestry sector are comsidered as ¢ = 1.0, 9% = 1.0, ¢& = 0,
(100 §/year), the specialization patterns of Japanese and U.S. forestry
change.

Table 7 indicates the way in which fx, or the rate of output increase
of the forestry sector in each country, changes for each assumed value
of ©%, ¢%, and under p¢ = 0 after ideal specialization, i.e., as a result
of the maximization of the objective function [24], [25]. The values of
gdak that correspond to each ¢% are also listed in Table 7. ggx is
defined as the value of the rate of gross value-added increase in the

forestry sectors. That is, ggx is calculated as

o

(o} XO (e}
[27] qoK = 9k F + O5 /[ Xir — 14 <PKO — 14 2
gKF IKFXfp Gk r

Table 8 shows the same changes for each assumed value of ¢, ¢¢,

under ¢9 = 0.

e




Ejiri, Yozaburo

192

() wowsodurg 1

() Poppe onfea sso1 )

() souunos 310 woy woduuy My

() VSN o woy wodwy ¥y

() sounod 12410 01 podxg Mg

() VSN 2 0 odxy Vg

() puvwop onsouop [eury :1dy

() mding x () Uy woy poduwy 2y () vung) o yodxg (g (ueder) puvwap aepousiaiuy Xy
OSTTIL SSFIL TUIIE 9L91 €61  SP'E  1€81 STL 6F'F L9901 $S961 EIPPL 66'8L6 9FF6LL 91T 6V'EL STL ¥I9T 199 €6 welor LFsI8 6T'89 90'89F £T898 LOEE 199 6VF €198 6FEl SH'E L0009 91°00% 103035 [[E JO [BI0L €7
LL91 OUE SL9 00 000 000 00 000 000 KLY 000 1€ 189 S£601 000 000 000 000 000 000 SE601 000 107 1TPT 19°6€ 000 000 000 000 000 000 96Z€ 990 UOREISIUIUPE JHAnd #T
6079 0861 16'8€ 950 000 000 990 100 000 ¥PP81 9£0T LEPL €TCIS 1L908 $L'ST 000 100 010 €00 000 STSSH O£'8FE SU'PT LTEOT 0£908 0TS €00 000 86’1 000 000 I1€061 €T6I1 SIS €T
L0SS 9611 9S¥T 990 9T0 I¥0 vLL OU'L 650 L0V 6ERI  TYST Oerl (8w €8°€ TP Ol 61 SI'L 970 o¥sel pS86  €CLI LIT8 06STI 6 SUL 650 PP THl W0 E8'L9 LP'SS vodsuen pue apeiL, 7
PU61 8EL  9L9T SO0 000 000 €00 000 000 ¥I'ST 91 L¥6  106E TI'T6 000 000 000 000 000 000 066L OTIL 8S°9  ¥8TE PLIL 000 000 000 000 000 000 OFE9 €£8 uonaNNSU0) 7
Lp SLY 0911 100 000 000 900 000 000 001 01 b8 19°1P 620 000 000 000 000 000 9TLI €PT 980 SLTI T6'UT 000 000 000 €00 000 000 169 86l  Alddns o pus sed ‘Kool 07
PL8 IE€T 9S8 IS0 TIO vI0 I8T ¥ 6T0 €10 60T 9TSI 10bE OL'9 €90 vl TIT 0S0 TIO 8SSI LYIT OU'L 99  L6LL 1T 050 6T0 951 S$90 +1I'0 6FS €rTl spnpoid Sumpoeynuew PYQ 61
LS PO €011 PE0 SI0 €10 850 STO 900 L8 099 VLY 8Y'ST SLSL LOOL 9€F ST pLE 090 SI0 8T9S OFIE 891 pSTI €6SP €60 090 900 £€9 9€F €10 9£El €€'ET wawdinba podsuei L §1
091 6L°6 6LLE 09C SLO 0ST S6F 9€T €L0 9£TI £TST WP LEG6E TYI6 09€T PL'S 9ET 0€6 181 SLO SE6b 01'TS €S°E PEOE €8T8 1TS IS8T €L0 88El PL'S OST BSEE 68°SE Arungaep L1
6L vST S96L 191 010 €0 8€T LSO STO SI0- SL61 06T TELL 009% 16S 6€0 LSO 080 TTO OI0 80S 9bb 0¥l ELTL LYEE 091 TTO STO 161 6€0 €50 690 £€T€ 1npoid [T 91
STL SE'T 89L TIO TOO LOO 1€0 610 600 €90 L99 90 S9v L96 801 600 610 SI'0 SO0 TOO L90 LL6 10 8€€ LLL 910 SO0 600 1€0 600 LOO 1E€0 6TL s1onpoxd [erur SHEIAW-UON S|
880 $S0 YT LOO 000 200 LI0 SO0 100 6€0 1L €00 €01 LKE 090 TI0 SO0 L0000 000 960 v6T TW0 €01 €97 010 200 100 ££0 TI0 00 800 17T sinpoxd 12qqmy b1
€90 T 096 IS0 100 TOO TEO TOO FOO OFO- SIOIL 910 LET 09FT 8€T 100 TO0O 9TO FOO 100 LT8 6FLI P00 69°S  SOTL LT $00 +00 STO 100 TO0 S8€ Lt6 sponpoud onad pue umajonag €1
1SS €0°C 8881 10T $TO ¥P0 vO'1 810 TI'0 ¥I'T 6081 Ol €91 9TPr LEG6 SO 810 16T L¥0 +TO I8F] €S°TE €0 108 TEPT 8T LYO TIO PET  PSO PPO ST TY0OT sianpoud [eanway) |
oFE IST OLF 9F0 800 +00 €10 SO0 TOO RE0 1LY €T OF91 SOLE TI'T 900 SO0 €SS0 SI'0 800 S6'S tHIE L60 S6L ST6L 0£0 SI'0 TOO 0TO 900 +00 991 9LLI Buyuud pue saded ‘dng 11
1€S €50 <61 810 100 000 0TO 9T0 1I'0 0T0 LE1 €T 867 L6El €T 000 9T0 910 10 100 €I'S <801 8€0 81 167 6L0 110 110 TO0 000 000 L90 TTS $19npoad UIPOOM PuE IQUILL O]
PL61 68°S 6807 €'l TO0 +TO 9LE €60 ¥l SHr 0L LTL 6I'S OLFL 998 SO0 €60 STO 800 TOO 90SI 6L 8L0 9LT SEL PET 800 tF1 9€0 SO0 HTO SS'S  10F  jodsy sinposd dy) pue Loged] ANXIL 6
SP'8  98°C O8I 6£0 800 100 SSO  LOO S¥O PO'II THY PI'T LE6l €9°SS 8YE VOO LOO ELO TLO 800 $O'9E 1€0T 8l 8TYI TO9E 0TT TLO IO $00 100 0§89 OLTI 0998q01 puE ABEIAIG ‘POO §
199 007 ££% PO 100 000 LIO 100 900 TI0 £ 970 65T L6F 1£0 000 100 U0 00 100 140 LST SO0 050 0TI ITL 00 900 100 000 000 000 6T Supu 12410 £
€60 T9C 6TS 8FL 000 000 900 100 0I'0 850 T09 €0 pE6 1091 €66 000 100 100 00 000 P61 98°€T 000 SO0 800 9SS P00 010 000 000 000 TO0- 6L'S v [pameu pue wnajonad apni) 9
65°C PLUL 96T 000 000 000 00 €00 H00 091 ST 200 170 L0 090 100 £00 SO0 110 000 0T0 650 1€0 201 61 1T0 110 $00  $00 100 000 TH0 891 Aaystd ¢
891 9L0 LOTT 0TO 000 000 100 000 TO0 OFO0 €80 S0 6£1 €8T 600 000 000 €00 800 000 SI'0 19T o 160 TET €10 800 TOO 000 000 000 080 LLO Ansaioq ¢
6971 SUY L8 TU0 000 000 00 000 100 S£9 19€ €01 P91 €401 8TO 000 000 $00 100 000 €70 €0l 100 $90 9T 100 100 100 000 000 000 950 If Anjnod pue 01soaT €
8S01€ PLL TTTI 8TO 800 000 T€0 100 900 0OTH 86L T L9S TE'LL 61l 000 100 #S0 LEO 800 SLT 88 681 60t LLY TSSO LEO 900 100 000 000 8LT €6T sionpoud [eamnoude Y0 ¢
06Tl FI'E B0S 000 000 000 000 000 000 861 60°€ 000 000 000 000 000 000 000 000 000 000 000 9vT Yl 9TT 100 000 000 000 000 000 00 STT Apped 1
T 5 X Ym Ym Pw wg vg g oy 7 X "W "W YW ™3 v Vag vy T > X Um YW oW i W oy
5101038
eury) vsn uedeg

(suosrad o1 “1e3k/§, 01)

-1£ )00~ 10399s Yoeo ul juowLofdud pue 030 poppe onfea ssois ‘ndinQ

T 9l98L




193

Identification of the Reverse Domain of Forestry Specialization

SOLNSNPUI ATRNIS], ¢ uoneNSIUTpPE oNqng 4] uonensIuIpe o1qngd G| uonensIuIWpe oNqnd ¢
SOLNSNPUI ATRNIS], ¢ SIOIAIOS €] SOJIAIS ] SOJIAIS €7
soLysnpul A1enio . ¢ SIOIAIS €] SIJIAIRS ] 1odsuen pue dpe1], g
solnsnpul AIRNI , ¢ uononysuo) ¢l uononnsuo) ¢| uononnsuo) g
SaLsSNpul A1enId], ¢ Ajddns 191em pue ‘sed ‘A)omod[g [ Ajddns 191em pue ‘se3 ‘A)0mod[g 7| Ajddns 1918M pue ‘se3 ‘A)0mod[g (g
SaLISnpur A1Bpu0dds ¢ sjonpoid SuLimoejnuew YO (] sjonpoid SuLimoenuewt YO [ [ syonpoid Sunmoejnuew YO 6]
SoLISNpuI AIEpuU0deS ¢ yuowdinba y1odsue1y, 6 Juowdinba y1odsue1y o1 juowdinbos jiodsuer] g1
saLsSnpur AIBpu0dds ¢ Apuyoe ARUIYIR 6 AIQuIyoelN /[
SOLNSNPUT AIEPUOJDS ¢ sjonpoxd [elo]N £ sjonpoxd [elo]N 8 syonpoxd [e10]N 9
SOLNSNPUL AIBPUOJAS T syonpold SuLmjogjnuew YO (1 syonpold SuLmjoejnuew YO [ [ sjonpoid [eIouIl OI[[B}OW-UON G
SoLNSNpUI AIBPUOJDS ¢ sjonpoid 1oqqmy 9 sjonpoid 1oqqmy £ sjonpoxd 1oqqmy {1
SOLISNPUI A1EPU0dS ¢ s1onpoid onad pue wndjondg ¢ s1onpoid onod pue wndjondg 9 syonpoid onad pue wndjondg ¢
saLsnpur A1epuoddg ¢ sjonpoid [eorwdy) sjonpoid [eorway) ¢ syonpoid [eorwdy) 7|
SALISNpUI AIBPU0OAS ¢ sjonpoid Sunnjoenuew L_YO ([ s1onpoid SuLmnjoenuew YO | [ Sunuud pue 1oded ‘ding 11
saLsnpur A1epuodds ¢ sjonpoid SuLmjoeynuew YO ([ sjonpoid SuLimoejnuewt YO [ [ sjonpoid uspoom pue Jaquil], (]
SOLNSNPUI AIEPUOdDS ¢ sjonpoid Sunmoenuew YO (] sjonpoid SuLmoenuewt YO [ Jooa1a1) s1onpoid oy pue ‘1oyIed] DXL 6
SOLNSNPUL AIBPUOdS ¢ 0008qO) pUB 93BIIAJQ ‘POO] € 0008q0) pUB 93BIIAJQ ‘POO] 000BqO) PUB A3RIIAIQ ‘P00,  §
SOLNSNPUT AIBPUOJDS ¢ Sutuy ¢ Suruny ¢ Surun QO L
SaLISNpuI AIBpU0ddS ¢ SuluIN 7 SuruIpy ¢ sed [eInjeu pue wnajonad opni) 9
sawsnpur Arewyg | sawpsnpur Arewyd | 010 U3y | A1ysty ¢
saLsnpur Alewid | saLsnpul Alewld | Ansalof 7 Ansalof +
sawysnpur Arewd | saLysnput Arewld | 01 U3y | Annod pue 300)SoAIT ¢
solnsnpur Alewtig | Solnsnpul ATewiid | 0 U8y | sjonpoid [eimmotide Q¢
saLpsnpul Arewiyd | saLpsnpul Arewld | 01 U3y | Apped |

S10393S ¢

$10109S ]

SI10)09S G|

SI0)03S 7

$107098 JO UO1RSaIS3Y G 9[qe],




Ejiri, Yozaburo

194

000 ___000___000__SLCe 8ch__ Of€l__LISL_ 201001 €00 ___T001__ LIb0f _€CIc_ 86PSI_16L8  SEL6C LIIE _SP6LI_C 898 _sowasiwiomoL
80 900 L00 [81 110 €0 €80 201 €01 10T €01 9TSI 0L 80l _8be L6bl 89 €60l 9%c
8C8S LUt~ SSt Ob91 _88Sl 980t 8Ele 201 051 S60 T [LISI_TS6  LT001 _L6LY _€LPSI S€9 _ 91S0l cTier
O 110 Tc0 661 €0 9v0 0Ll €0l 901 10T €0l 9¥6l €8¢ T6 1#L 9681 89T 1l6 LIL
¥00-__¥00 000 €50 _b00- 90 900" 20T 660 €01 660 €9 SII Ty 81 __ISL oIl _9lv __ 61C
€01 00C e8I~ 191 €0 _cscl_Oocll- 101 €01 Ll 050 _STlc_OSh__ 68€l_98C _ PO0IC__8€v _ b60l TLS
YT 9T ¥80  bOT__TST 909 L9 901 051 _€L0 _0ST ___thbl 9Ll GLS 689 PEl T 88L 6
T IvC  OI'l-_8yS  8Lb 8961 ch6- 10T 150 0T 690 TbIc €61 LLel 1LS velc 8Lt 816 8¢8
68€  Svl- 690 €90~ LcC 998 O9LS €01 051 _0s0 _6vl _LT0l _S6C 0€C__TOS €66 L6l 09y _ Lf¢
¥P0__ TI0-__S00 00~ Lc0__ 1L0-__Th0__SOT 051 0s0__Orl 88  te L1 [t €8 TC St 9t
TE0-__100_ 00 _€L1 _Tcl-__ 010 t8C SO 050 _#0l__O0S1 S8y 8% LSt I8l __T9 96 9+C__ 0cl
SLT_ S50 ST0- OLT _TST- 108 e8¢ 101 050 _O0ST 260 S88  ¥6 99 9Cl SL3 681 _cbp _ehr  sewpodpommn ¢
Tk L0 190- €80 _€6C- 896 65~ HOT 050 0SS 650 Gell 06 _ ves 11C___L60I 081 _9§s  09¢ o= s
LSE-_SC0___T00-__0CI I8¢ __8Ct L0~ _LOT 050 _9¢l 050 _0Fbe 8v s8¢ 90 _ 6le 96 _ 01C__ €l SUUN__ €
780~ T00___S00__Cc0__ 8€0-_SI0__ 90 80T 050 __ITT__0ST 95 <0 e o0c TS T 8T €1 Knsalod ¢
006~ 601 69C-__0CI- 81~ OLE 60& HOT 680 0SIT 050 TLY 69C _Sbe LS  Ov9 10f 0€C Sl __APBSHR Y |
Py My My Mo o Yoz o7 MMXAX VXPX YXMX XX M X VX X PNy VY 5101008
0=20701=,0"0T=,()
o (ueder STCES] a10j0q ) Orp =t
(ueder ‘uoyezijeoads oye 4 10 i 210j2q Pappe anfea $5010) : OD) VM-I =7
( ueder) voneziEoads saye AN : * (‘uedef) uonezijersads a10jaq Inding : °r
000___000___000__ 06CE__Thy T01__101__€01___101___61p0E_8CIE_bOS8I L8L8 SEL6C I IIE  SHOLL T89S sowasimjomol 9l
090 900 L00 88T 110 W01 01 10T €01 9Tl 0L 601l _8be L6PI 89 €601 e wm ST
8C8S 08t~ 99t 859l 88l W01 __0sT___$60 T GLLSI TS6 81001 6087 €LPSI S€9  91s0l cTier SRS $1
€T 11020661 ___€v0 €07 901 101 €01 ___Lv6l €8T TbL 9681 _89C Tl6 LIL OIS0 €1
%00~ ¥00 000 S0 _ $00- W01 660 €01 660 9L SIl _Tev 8Ic TSL 91 9l 6Ic ]
T80 €0C__81- b9l €c0 L9l 9TIl- 101 0l LTl 050 _STIC 9t Teel 98¢ b0l 8er  v60l_ TLS i
YT 9C1-__80 TC1_SL9- LC9 901 __0ST __pLO__0S1 bbbl 9Ll 6LS 689 POEl LTI 8SL _ GSt _ wowdmbomodwmr ([
TELIvT__ PIl-_ 66 Lbh 8961 €86 101 S0 0ST 890 _€pIC__S0C__ LLEl _09S _ vclc 8Lt 816 8T8 KRUEN 6
68€  Svl- 00 950~ LcT 998- €8S HOT 0S1 050 0ST 670l S6C 0€C +0S €66 L6l 09y Lte spnpod vpN_ 3§
¥€0__ TI0- 900 100 _1g0 _120- 150 _S0T _6el _0s0 __0ST 88 [ 6¢ €8 TC_ St 9C _ sonpodinaany [
T€0-__100_ 00 _€L1 _Tcl-__ 010 _t8C SOl __0s0 b0l __0S1 S8y 8% LSt I8l __T9 96 9tvC__ 0cl 9
ST S0 __St0- €Ll ST 108 T8¢ 101 0S0 _0ST S0 988  ¥6 _ v99 LTl __SL8 681 __Eb __ EbT <
TCh L01_ 190- €80 €6C 896 65~ POT 050 0ST 650 9€ll 06  ¥€8 11C 60l 08I 95 09¢ [
LS€SC0__T00-__ 1Tl I8¢ __6Ct L0~ _LOT 050 _9¢l 050 _0be 8y s8¢ 90 _ 6le 96  01c__ ¢l €
¥80-__800 _ €00-__L00 _ 8€0-_0L0 _tc0-__OIT 050 _0sT__#L0 LS S0 __Tr _ 01 TS T 8T €1 Anssiod ¢
€06r__ 601 ___69C __0CI-__L81- 9Lt 60t Y01 680 _O0ST__0S0__TLO 69T _S¥e LS _ Op9 10t _0€c__SII__Kowsuy my |
7 iy iy Yo o Yoy o XX UXPX XX XX % O X X X% x % $101098

6T =

0=,"0"0=,"00=, (¥)

- ="" ‘g0 =""A ‘s102§¢] -

TOUWL, for() = WL ‘s10900G GT-UuoIpRZI[RIDAdS [RUOTIRULISIUL

Jo surejyed uo 10909s AI13$010F o} WOy sjgousq orqnd jo joedw] ‘g O[qR],




1

Identification of the Reverse Domain of Forestry Specialization 195

In what follows, “primary domain” is defined in ¢ —¢% — @2 space as
the domain in which the same increasing or decreasing state of output as
the original state (i.e., the state of ¢§ = ¢ = ¢ = 0) is maintained.
In other words, because f; < 1.0, f4 > 1.0, or fc < 1.0 holds in the
state of 5 = ¢4 = & = 0, the Japanese, U.S., or Chinese primary
domain is the domain in which f; < 1.0, f4 > 1.0, or fo < 1.0 is
maintained, respectively. Similarly, the "reverse domain” is defined as
the domain in which the state of output reverses as compared to the
primary state as a consequence of the internalization of public benefits.
In other words, the Japanese, U.S., or Chinese reverse domain is the
domain in which f; > 1.0, f4 < 1.0, or f¢ > 1.0 is maintained,
respectively.

Table 7 shows that even if the public benefits before specialization
are estimated as @9 < ¢9%, there is a possibility of f; > 1.0. For
example, ¢ = 3.0, ¢4 = 5.0 (i.e., from the viewpoint of the rate of
labor productivity increments, qg; = 4.3, gga = 4.6) result in f; = 1.5.
Table 7(a) and Table 8(a) show that the reverse domain of Japanese
forestry is fairly sensitive both to ¢% and ¢9% but is minimally sensitive
to p&.

Figure 4 shows the reverse domains of forestry in each country cal-
culated using the data of 15 aggregated sectors. Figure 5 shows the
reverse domains calculated using the data of 14 aggregated sectors.
Figure 6 shows the reverse domains for three aggregated sectors, but
these results were calculated without the restriction on non-tradable
goods (i.e., equation [16]). The reason for removing this restriction was
that it is unnatural to impose such restrictions on all tertiary sectors.

Ymin = 0.5, Ymaz = 1.5 are set up for every sector in Figures 4-6.
Figure 4 shows the results for separate forestry sectors. In contrast,
Figures 5, 6 show results for aggregated primary industry sectors. Fig-

ure 4 shows that reverse domains in each country exist within the range

e




196

Ejiri, Yozaburo

Table 7. Impact of public benefits from the forestry sector

on the rate of output increase of forestry -¢9:

S0 0A, 0" =0, 15sectors, Ypin=0.5, Ymax=1.5 -

(a) Rate of output increase of Japanese forestry (/)

6, (10'°/year)

6°=0 000 0.0 020 030 050 100 200 300 500 1000
Gor. ag 100 L1l 122 133 155 2.10
000 1.00 074 074
010 107 074 074
020 114 074 074
E 030 122 074 074
& 050 136 074 074
g 100 172 074 074
=N 200 244 074 074
300 316 074 074
500 459 074 074
1000 8.19 074 074
(b) Rate of output increase of U.S. forestry (/')
6" (10"S/year)
6=0 000 0.0 020 030 050 100 200 300 500 1000
Gor: g 100 L1l 122 133 155 210 319 429 648 1197
0.00 1.00 1.50 1.50 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11
0.10 107 150 150 150 111 L1 L L L L Ll
020 114 150 150 150 150 1 L1 0 i il Ll
E 030 122 1.50 1.50 1.50 1.50 1.11 1.11 1.11 1.11 1.11 1.11
& 050 136 150 150 150 150 11 L1l Ll Ll L LIl
g 100 172 150 150 150 150 150 11 111 111 il Ll
i,f 2.00 244 1.50 1.50 1.50 1.50 1.50 1.50 1.11 1.11 1.11 1.11
300 316 150 150 150 150 150 150 L1l Ll LIl LIl
500 459 150 150 150 150 150 150 150 111 L1l Ll
10.00  8.19 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.21
(c) Rate of output increase of Chinese forestry (f¢)
®,° (108 /year)
6=0 000 0.0 020 030 050 100 200 300 500 1000
dca | dgy " 1.00 1.11 1.22 1.33 1.55 2.10 3.19 429 6.48 11.97
000 1.00 050 050 050 050 050 050 050 050 050 050
010 107 050 050 050 050 050 050 050 050 050 050
R 020 114 050 050 050 050 050 050 050 050 050 050
5 030 122 050 050 050 050 050 050 050 050 050 050
& 050 136 050 050 050 050 050 050 050 050 050 050
2 100 172 050 050 050 050 050 050 050 050 050 050
N 200 244 050 050 050 050 050 050 050 050 050 050
300 316 050 050 050 050 050 050 050 050 050 050
500 459 050 050 050 050 050 050 050 050 050 050
1000 8.19 050 050 050 050 050 050 050 050 050 050

Note 1) qg=1+¢,%Gp’, ete., Gp'=0.91, Gx,'=1.39, Ge2"=0.76 (10'*S/year)

2) [ rprimary domain

[ ——

(a) Rate of output increase of Japanese forestry (fs), (b) Rate of output increase

of U.S. forestry (fa), (c) Rate of output increase of Chinese forestry (fc).
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Table 8. Impact of public benefits from the forestry sector
on the rate of output increase of forestry -¢9:
@SB, D=0, 15sectors, ¥ pn=05 ¥ pex=15 -

(a) Rate of output increase of Japanese forestry ()

6,0 (10" $/year)

6,°=0 000 000 020 030 050 100 200 300 500 1000
Gorr o 100 111 122 133 155 210
000 100 074 074
010 113 050 074
020 126 050 050
’5; 030 139 050 0.50
F T 050 166 050 050
S T 231 050 050
O 200 36 050 050
300 494 050 050
500 757 050 050
1000 1413 050 0.50
(b) Rate of output increase of U.S. forestry (/)
6,0 (10" $/year)
6,°=0 000 000 020 030 050 100 200 300 500 10.00
Gor i g 100 L1l 122 133 155 210 319 429 648 1197
0.00 1.00 1.50 1.50 111 111 111 111 111 111 111 111
010 113 150 150 111 L1 L L L L L Ll
020 126 150 150 111 L1 11 L1l
g 0.30 1.39 1.15 115 115 0.60 0.60 0.60 0.60 0.60 0.60
2 050 166 [REEERCEIEREE 00 060 060 060 060 0 060
S T 231 [RCEEECEIEEEE 060 060 060 060 060 060 060
:: 2.00 3.63 1.15 1.15 115 0.60 0.60 0.60 0.60 0.60 X 0.60
300 494 [EEEERCEEREE 060 060 060 060 060 060 060
500 757 [RCEEECEIEEEE 060 060 060 060 060 060 060
10.00 14.13 1.15 115 115 0.60 0.60 0.60 0.60 0.60 X 0.60
(c) Rate of output increase of Chinese forestry (f¢)
0,° (10""$/year)
6,°=0 000 010 020 030 050 100 200 300 500 1000
Gor o 100 L1l 122 133 155 210 319 429 648 1197
000 100 050 050 050 050 050 050 050 050 050 050
010 113 077 050 050 050 050 050 050 050 050 050

0.80 0.80 050 050 050 0.50
1.50 1.50 1.50 1.50 1.50

1.50 1.50

1.50 1.50

1.50 1.50
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(a) Rate of output increase of Japanese forestry (fs), (b) Rate of output increase

of U.S. forestry (fa), (c) Rate of output increase of Chinese forestry (fc).
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of 3 =0—1.0, ¢4 = 0— 1.0, 92 = 0 — 1.0 (10'° $/year). Figure 4
(a) also shows that the Japanese reverse domain is fairly sensitive to
both ¢% and ¢9% but is minimally sensitive to ¢2. Figure 4 (c) shows
that that the Chinese reverse domain is fairly sensitive to ¢9% but is
minimally sensitive to ¢9.

Figure 5 shows that the reverse domains for the primary sectors in

each country exist within the range of 05 = 0—70, ¢4 = 0-"70, & =
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Chinese primary sector -for 14 sectors-

(a) Japanese primary sector, (b) U.S.’s primary sector, (c¢) Chinese primary sector.

0—200 (1019 $/year). Figure 5 (a) also shows that the Japanese reverse
domain is fairly sensitive to both 9 and ¢9% but is minimally sensitive
to p¢. Figure 6 shows that the reverse domains for the primary sectors
in each country exist within the range of 5 = 0 — 90, 9% = 0 — 40,
02 =0—250 (10'° §/year).

6. Conclusions

This paper pointed out the following. When the public benefit pro-

e ;
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Chinese primary sector -for 3 sectors-

(a) Japanese primary sector, (b) U.S.’s primary sector, (c) Chinese primary sector.

vided by the forestry sector is not considered at all, no matter what the
values of parameter Y imin, Yiimaz, and no matter how the sectors are
aggregated, it is economically desirable that Japan and China decrease
their forestry output and the U.S. increase its output. When the public
benefit provided by the forestry sector is considered, no matter what the
values of parameter Y imin, Ykimaz, Japanese “reverse domain” exists

within the range of ¢% = 0—1.0 (10'° $/year) in p3 — % — p2 spaces.
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The shape of the Japanese “reverse domain” described above strongly
depends on the value of ¢9, but is almost independent of the value of
¢¢. When the agriculture, forestry and fishery sectors are aggregated
to one sector and public benefits from this sector are lumped together,
no matter what the values of parameter Yximin, Yiimaz, Japanese “re-
verse domain” exists within the range of ¢ = 0 — 70 (10'° §/year) in
©9 — % — ¢ spaces. The shape of the “reverse domain” of each coun-
try depends not only on whether forestry and other primary industries
are aggregated but also on how the other sectors are aggregated.

The model presented here succeeds in formulating the supply and
demand conditions for each good in the world market using a combi-
nation of the Ricardian model and input-output data. That is to say,
this model has a good command of international input-output data and
succeeds in identifying the reverse domain.

Arbitrary factors inevitably affect the evaluation of public benefits
and therefore lessen the value of this model for practical use. However,
this model is an effective tool for evaluating the extent to which labor
productivity must be increased to increase the self-sufficiency of forestry
or other primary industries in the context of policy change (Ejiri, 1999b,
1997, Min, 2008). This method is also useful for econometrically ana-
lyzing the trade of forest products within a global market (Yukutake
et al., 2003, Yukutake et al., 2006, Yukutake et al., 2007, Yoshimoto et
al., 2002), especially when the proposed model is evaluated in terms of
the general equilibrium theory. It could also be useful for evaluating

the construction of a spatial equilibrium model (Shimamoto, 2002).
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