JOURNAL OF ECONOMIC DEVELOPMENT
Volume 19, Nurnber 2, December 1994
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Using a simple Mundell-Fleming-Dornbusch model, we compare
gains and losses from monetary policy . coordination and. non-
coordination between a large developed country (the United States.or
Japan) and a small open developing country (Taiwan or South Korea).
It is shown by simulation that the large countries may gain slightly but
are practically indifferent whether they cooperate with smaller coun-
tries or not. However, the small open economies may lose from coor-
dinating their policy with the large countries. This may explain the dif-
ficulties of policy coordination and economic integration in the real
world.

1. Introduction

In recent years, international macroeconomic policy coordination
has been one of the major concerns among policy makers and
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economists. It aims at enhancing the economic welfare by coordinating
each country’s macroeconomic policy, like monetary, fiscal, andor
trade policies, to achieve common targets such as economic growth,
control of inflation, exchange rate stability, etc. In the world of inter-
dependent economies, each country’s economic policy affects the other
country’s policy objective. Thus coordination seems desirable, especially
for some politicians. In fact, the needs of international policy coordi-
nation arise from practical problems of changing international financial
market.

During the past two decades, the position of the U.S. dollar as the
medium of international exchange and reserve currency has been con-
tinuously weakening. On the other hand, the economy of the United
States is no longer the dominant force to defend the dollar (Hsiao,
1990). The world is divided into the consistently trade surplus countries
like Germany and Japan and the chronically trade deficit countries like
the United States. Thus, the major industrial countries have held
economic summits and talks to deal with international financial prob-
lems. For examples, at the Bonn Summit in November 1978, the United
States, Germany, Japan, and Switzerland agreed to adopt tight
monetary policy and intervene in the foreign exchange market to defend
the dollar. The advantage of international policy coordination was con-
firmed in 1985 Williamsburg Summit. In the Plaza Accord of September
1985, the five major industrial countries agreed to eliminate the trade
imbalance of engaging in some specific macroeconomic policies to
orderly devaluating the dollar (Rivera-Batiz and Rivera-Batiz, 1985).

Thus in the real world, the industrial countries play the major role in
international policy coordination. The theoretical and empirical studies
in this area by economists also emphasize exclusively on the policy coor-
dination among major industrial countries, especially among the United
States, Japan, and Germany.

To some extent, international policy coordination by major powers
has been successful in maintaining the stability of the international
financial market. However, after many vears of G-7 summit meetings,
trade imbalances among the industrial countries still exist, and policy
coordination does not seem to be welfare improving. Similar mixed
results also appear in the studies by economists. In some simple sym-
metric models of industrial countries, policy coordination does improve
the economic welfare (McKibbon, 1988; Cooper, 1985). However, some
empirical studies show that the gains from cooperation are considerably
small (Oudiz and Sachs, 1984).

The purpose of this paper is to extend the analysis of international
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policy coordination to include industrial countries and small open
developing economies. Here, the players are not identical and economies
are not symmetric. More specifically, using a simple two-country macro-
economic model, we investigate whether international policy coordina-
tion between Taiwan and the United States, South Korea (hereafter,
Korea) and the United States, Taiwan and Japan, and also Korea and
Japan will improve the economic welfare for each country. We also
measure the gains from policy coordination in terms of the units in
country’s real GDP.

In Section II, we summarize and compare some basic statistics of
Taiwan, Korea, the United States, and Japan for a recent year. These
four countries have very close economic and political relations since the
World War II. A more detailed exposition of country comparisons may
be found in Hsiao (1990), Hsiao and Hsiao (1983; 1989; 1995), and
Kuark (1995). In Section 111, a Mundell-Fleming-Dornbusch type two-
country model (Cooper, 1985; McKibbin, 1988) is specified. The home
country is small, and the foreign country is iarge. The conventional sym-
metric model applied to international policy coordination in industrial
couniries has been illustrated in details in our previous paper (Hsiao and
Hsiao, 1994a) and elsewhere (McKibbin, 1988; McKibbin and Sachs,
1991).

In Section IV, in view of our simulation results in a previous paper,
we review briefly the recent coniroversy on uncertain unit root in time
series related to the choice between the trend and difference stationary
models (DeJong, et al. 1992; Rudebusch, 1993). Using the time series
data of Taiwan, Korea, the United States, and Japan, the regression
equations of the trend stationary model are estimated by using log-linear
form. The regression coefficients derived in this section are then used in
the derivation of various equilibria in our general model in Section V.
Since well-defined fiscal policy, especially the tax system, has not been
established in Taiwan or Korea in the past, we assume monetary policy
as the policy variable in the model. The detailed derivations of the
simuiation results using regression coefficients are shown in Appendix
A, In this paper, we compare the cases of Nash equilibrium and the
cooperative equilibrium. We then implement the model empirically and
measure the size of gains or losses from policy coordination. Section VI
presents some interpretations of the simulation results,

II. Some Economic Background

As in the previous paper (Hsiao and Hsiao, 1994a}, we have shown
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that the United States is a large country with 8.67% of the world land,
5.2% of the world population, and 28.48% of the world GDP in 1988.
Japan has 0.35% of the world land, 2.59% of the world population,
and 16.71% of the world GDP in 1988. In contrasts, Taiwan and Korea
are much smaller countries, Taiwan has only 0.03% of the world land,
0.42% of the world population, and 0.73% of the world GDP in 1988.
Similarly, Korea has 0.09% of the world land, 0.89% of the world
population, and 1.01% of the world GDP in 1988,

In terms of 1988 per capita GNP, the United States, Japan, Taiwan,
and Korea ranked 4th, 2nd, 24th, and 33rd among 122 reporting coun-
tries and areas by the World Bank (Taiwan is added in by the authors).
From 1978 to 1988, while the United States doubled her per capita
GNP, Japan, Taiwan, and Korea almost tripled their per capita GNP in
the same decade. Both Taiwan and Korea are maintaining rapid growth
throughout the past three decades at the average annual rates of 7.3%
and 6.8%, respectively.

Table 1 shows international trade interactions among Taiwan,
Korea, the United States, and Japan. In 1989, for the United States and
Japan, the trade with Taiwan and Korea constitutes only small fractions
of their GNP. In contrast, this is not the case for Taiwan and Korea.
The Taiwanese exports to the U.S. amounted almost 16% of her GNP,
and Taiwan’s imports from the U.S. also had 8% of her GNP. Similar-
ly, Korean exports to the U.S. amounted 10% of her GNP, and Korean
imports from the U.S. also had 7.6% of her GNP. These yields the

Table 1
EXPORTS AND IMPORTS AS SHARE OF COUNTRY’S GNP, 1989 (%)

Country USA Japan Taiwan Korea

USA: Exports to — 0.36 022 - 0.26
Imports from — 1.87 0.49 0.39

Japan: Exports to 3.45 — 0.56 0.61
Imports from .77 — 0.33 0.47

Taiwan:  Exports to 15.82 5.97 _— 0.75
Imports from 7.91 10.57 - 0.82

Korea:  Exports to 1011 6.50 0.62 —
Imports from 7.62 8.48 0.64

Sources: DTS, 1990. TSDB, 1990, GNP data are from IFS, Dec. 1990.
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trade surpluses for both Taiwan and Korea with the United States. On
the other hand, Taiwanese exports to Japan amounted about 6% of her
GNP, and Taiwan’s imports from Japan also had almost 11% of her
GNP. Similarly, Korean exports to Japan amounted 6.5% of her GNP,
and Korean imports from Japan also had 8.5% of her GNP. These pro-
duced the trade deficits for both Taiwan and Korea with Japan.

In general, both Taiwan and Korea are small countries compared
with the United States and Japan. The trade of both Taiwan and Korea
" depends heavily on the United States and J apan, but not visa versa. The
gains or losses from international policy coordination among the four
countries should reflect these asymmetries. In the following discussions
of the two-country model of policy coordination, these facts have been
reflected in our model structure.

" M1 The Model

A game theoretic approach to the problem of international policy
coordination can be attributed to a series of _pioneering articles by
Hamada (1974, 1985). A survey of his contribution and subsequent
development by others is given in Currie and Levine (1993). This paper
adopts Hamada’s game theoretic approach to what is generally known
as the Mundell-Fleming-Dornbusch two-country magcroeconomic model.
Thus, our model is the same as that in Cooper (1985) and McKibbin
(1988). In this model, it is assumed that each country has the knowledge
of other country’s economic structure, but not the information on
future policy decisions. The economies are given as follows:

Small country
(0 q=¢q*+y(e+p*—p)—\i
2 m-—p=ap-pi
G)  p.=ule+pt)+{1-pp
4 i=i*

Large country
*  g*=y*p-c—pH)—)*i*

(2)* m* — p* = q*q* — G*i*
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3  pr=p*p—e)+({-pMp*

where
q = real gross domestic product (GDP)
e = exchange rate (domestic currency price of a unit of foreign
currency). _
p = price index of domestic output (wholesale prices)
m = the supply of money (MI)
p, = consumer price index
-i = rate of interest.

The asterisk denotes the variables and parameters for a large country.
Al variables except the rate of interest are measured in logarithm.

Equations (1) and (1)* are the IS curves. The small country’s gross .
domestic product (GDP) is a function of the large country’s GDP
(Argy, et al., 1989), the real exchange rate, and the interest rate. The
LM curves are shown in equations (2) and (2)*. The real money supply
- is a function of GDP and the interest rate i. Equations (3) and (3)*
specify that the consumer prices are the weighted geometric average of
the import price and the domestic price. The last equation, (4), shows
the interest rate parity between the small and large countries. It assumes
free capital movement between the two countries. The interest rates are
equalized in the world market through foreign investment and perfect
substitution between foreign and domestic assets. The simplified expres-
" sion of (4) also implies zero expected depreciation of home currency and
zero risk premjum of holding assets.

We assume sticky prices, that is, p and p* do not change in our
model. Each government has limited number of instruments, in our
case, the money supply m and m*, to achieve its policy objective. As
shown in equations (10) to (12) below, the policy objective is to maxi-
mize separately or jointly each country’s social welfare function (or
negative loss function) which penalizes output and price instabilities.

We keep our model as simple as possible, so that we may obtain
some definite results without being bogged down by the data and com-
putational problems. We are interested only in the short-run effects of
strategic policy coordination.

The model may be solved as follows. From (i) and (1)*, we first
solve for e and i as

() e=D/D, i=D/D
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where

D, =A*a—(#N* +Ng* + (A —My*)p+ Oy * — A ¥)p*

D= —y*q+{r*¢ —v)a* - 2yy*(p—p*

D=h* 4 Ay*
Thus, the exchange rate e and interest rate i are functions of the outputs
and wholesale prices of both small and large countries.

Substituting i in (5) into the LM equations (2) and (2)*, we have
(Do +B8v*)q—B(y*¢—v)a*=Dm—Dp
B*v*q+ [Da*—B*(y*¢ — v)lq* = Dm* — Dp*
These two equations may be solved for q and g* as
(6) g=am+ bm*+cp+dp*
) q*=a*m-+b*m*+c*p+d*p*

where a, b, ¢, d, a*, b*, c*, d*, are elasticities in terms of the original
parameters in (1) to (3)*. Form (5), it can be seen that the values of
home and foreign money supplies determine the exchange rate e and the
interest rate i in (5) indirectly and simultaneously through home and
foreign GDP.

Substituting e in (5) into (3) and (3)*, p; and p.* may also be express-
ed as functions of the same policy instruments:

(8) p.=am+bm* +cp+dp*
) p.*=a*m+b*m* +c*p+d*p*

where a, a*, etc. are constant coefficients depending on the original
parameters in (1) to (3)*.

Let the utility function of the small country be
(10) U= —(1/2)[w,(q—g"?+wy(p.—p.H]
where g* is the target or desired GDP, and p. is the target or desired

consumer price index. Parameters w, and w, are the weights,
w; +w, =1, that the policy makers assign to the two targets.
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Similarly, the utility function for the large country is
(D U= —(1/D)W@* ~ P+ W, (0 * ~ P

where w* +w,*=1.

For Nash non-cooperative equilibrium, the policy makers in each
country maximize the utility function U or U*, that is, minimize the loss
function —U or —U¥*, for given weights between the GDP deviation
and consumer price deviation from the target values. For cooperative
equilibrium, the policy makers in both countries jointly choose money
supplies m and m* to maximize the world community welfare:

(12) W=hU+h*U*

where h and h* are weights assigned to the small and the large countries,
respectively, Note that, since the variables are converted to logarithm,
the deviations are measured in percentage changes from the targets. As
the utilities are measured in pure numbers, they are well-defined and
comparable among the countries.

Equations (6) to (9) show interdependence of the world economy.
Since prices are sticky, a country’s policy changes can exert externalities,
or spillovers, on other countries. Thus, in this model, each country’s
GDP and consumer price, and so the policy objective of each country,
depend not only on its own policy instrument, but also on other coun-
-try’s. Clearly, the flexible exchange-rate regime does not insulate a
country from the foreign disturbances. Because of externalities, it can
be shown theoretically that, under the assumption of symmetric coun-
tires, Nash non-cooperative equilibrium is not Pareto-efficient, and the
countries may gain through policy coordination (Cooper, 1985).

In recent years, more and more countries assign improvement of
trade deficits as one of the policy objectives, If this is the case, fiscal
policy is generally assigned to achieve this objective.! We do not follow
this method in our model. First, fiscal policy, say, government expen-
diture, cannot be included in the IS curve as a policy instrument. Other-
wise, the model will have two policy objectives and two instruments,
and by the Tinbergen Theorem (Cooper, 1985), any policy targets can be
attained instantly even under non-cooperative equilibrium, There will be

I In his earlier paper, Hamada (1974, p. 16), using Mundell’s model, takes national in-
come and the balanced of payments as the targets. His policy variable is domestic assets of
the banking system (or the “Demand of Money™).
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‘no externalities and ‘no policy conflicts, and international policy coor-
dination is not necessary. In fact, this is one of.the criticisms on the
theory of international policy coordination, which requires that the
number of instruments must be less than the number of targets to make
a room for coordination. Second, our model assumes perfect mobility
of capital under flexible exchange rate regime, The government general-
Iy cannot control capital flow directly to improve the balance of trade.

In this paper, when all the coefficients of (6) to (9) are estimated
without restriction, we call the model a gereral case. In this case, the
distinction between small and large countries comes from the differences
in the magnitude of the coefficients, instead of inclusion or exclusion of
variables. When we explicitly impose the conditions that the small coun-
try’s economic variables do not affect the large country’s economy, that
is, when a*=c*=a*={*=0, then we call the model a restricted case.
However, large country’s variables could influence the small country’s
economy. This is generally true, as economic development of a small
country requires raw materials and intermediate and capital goods from
the large countries. As we will see below, our data justify both inter-
pretations. In both cases, in the process of simulation, the weight h* of
the Iarge country in the world welfare function is assumed to be much
larger than the small country’s weight, h.

IV. The Estimation

The general procedure of solving the model is to assume that the
parameters of the model in both countries are equal (A =\*, u=p*, etc.).
Such assumptions may be allowed among the developed countries like
the United States, Japan, and the European Community. However, as
we have seen in Section II, it is unrealistic to assume symmetry between
Taiwan (or Korea) and the United States (or Japan). Thus, in this paper,
we assume that two countries are asymmetric.

In an asymmetric model, the reduced form of the original model as
shown in equations (6) to (9) depends on very complicated relations
among the eight parameters. The usual simulation method and com-
putable general equilibrium analysis simply assign some plausible values
to the parameters, either based on intuition or on some historical obser-
vations. In this paper, however, we estimate the coefficients of the four
reduced form equations in (6) to (9) by the ordinary least squares
method using the data of each country for 16 years from 1975 to 1990.

The summary statistics of the data for the target variables T=(q, p,,
q*, p.*)’ (the apostrophe denotes the transpose of a row vector), and the
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instrument variables y=(x, z)’ =(m, m*, p, p*)’, for the United States,
Japan, Taiwan, and Korea are shown in Table 2. The numbers are
measured in the domestic currency to avoid distortion due to fluctuation
in the U.S. dollar during this period. Due to data availability, all q’s for
Taiwan, Korea, and the United States are measured in real GDP, and
the q for Japan is measured in real GNP, Since Taiwan and Korea are
fast growing countries, we also listed the latest 1990 statistics, along
with their 16-year averages, in Table 2. For comparison, the average and
the standard deviation of the data for each variable from 1975 to 1990
are listed. They are then converted into logarithmic form, and their
average, standard deviation, maximum, and minimum are computed.

We then group the equations by the small and then the large coun-
* tries. The regression coefficients are estimated and presented in Table 3
when the U.8. is the large country and Table 4 when Japan is the large
country. The regression equations are in log-linear form. This is a major
difference between this paper and the previous one (Hsiao and Hsiao,
1994a). In the previous paper, we have shown that when the variables
are in logarithms, we found that the null hypothesis of the time series
being non-stationary could not be rejected by the Augmented Dickey-
Fuller (ADF) unit root test. Furthermore, the null hypothesis of these
variables being no-cointegrated could not be rejected by using the Engle-
Granger cointegration test, Thus, in accordance with the current prac-
tice in macroeconometrics methods, we were forced to use the percent-
age changes of the variables, that is, the first difference of the log-
values, to estimate the regression coefficients. The simulation results,
however, were not convincing. The money supplies at Nash and co-
operative equilbria turned out to be growing at 17% and 16% per an-
num, respectively, for Taiwan, and growing at —17% and - 16% per
annum, respectively, for the United States (see Table 7, Hsiao and
Hsiao, 1994a).

In recent years, the power of ADF unit root test in time series has
oeen challenged. It has been found that the classical unit root tests could
not discriminate between a trend stationary model and a difference
stationary model, and the test results may be considered uncertain at
best (DeJong, et al., 1992; Rudebusch, 1993), or even of little practical
value (Sims and Uhlig, 1991). Besides, our regression results are used for
simulation of the model, rather than for forecasting of the dependent
variables., Thus we submit that the use of log-linear model may be
justified in this study. This also implies that the possibility of spurious
regression due to non-stationary time series may not be excluded. Thus,
our simulation results, especially the estimated reaction equations in the
following section, should be interpreted cautiously.
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Table 2
SUMMARY STATISTICS OF VARIARLES, 1975-1990

q S m p
USA Unit '87 pr USSh '85=100 US$b '85=100
1990 . : 4884.9 121.0 828.0 113.0
avg 4046.0 86.5 539.9 80.0
std 499.9 22.3 183.4 17.8
avg in log 8.3 4.4 6.2 4.5
std in log 0.1 0.3 0.3 0.2
max- in log 8.5 48 6.7 4.7
min in log 8.1 3.9 5.7 4.0
Japan unit B5pryenb ’85=100 yen b '85=100
1990 404820.0 1069  114800.0 90.6
avg 291481.1 90.4 78760.7 91.1
std 57497.4 13.0 19546.0 9.0
avg in log 12.6 . 4.5 11.2 4.5
std .in log 0.2 0.2 0.3 0.1
max in log 12.9 4.7 11.7 4.6
min in log 12.2 4.1 10.8 4.3
Taiwan unit '86 pr NT$b ’86=100 NTS$b 86 =100
1990 3883.6 110.7 1931.9 94.3
avg 7 2327.3 87.1 824.7 91.7
std 847.3 i9.3 661.1 14.6
avg in log 7.7 4.4 6.4 4.5
std in log 0.4 0.2 0.9 0.2
max in log 8.3 4.7 7.6 4,7
min in log 7.0 4.0 4.9 4.2
Korea unit 85 pr Won b '85 =100 Won b *85=100
1990 131263.0 130.0 13952.0 108.0
avg 74334.8 82.9 6114.8 81.1
std 28419.6 30.5 39439 26.1
avg in log 11.1 4.3 8.5 4.3
std in log 0.4 0.4 0.7 0.4
max in log 11.8 4.9 9.5 4.7
min in log 10.5 3.5 7.0 3.6

Notes and Data Sources: The data for USA, Japan, and Korea, 1975-89, are from IFS
Tape-1990. The 1990 data are from IFS, May 1992. The data for Taiwan are from TSDB,
1992, pp. 25, 135, 167, ’8B7 pr, etc. means that the variable is in the 1987 prices, etc. b
stands for billions.
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In Table 3 and 4, we present the estimated coefficients of the
restricted and the general cases. The absolute values of the t-statistic,
R?, and the Durbin-Watson statistic (DW)- are also reported in the
tables. The coefficients of the equations are shown as matrix R in equa- -
tion (A2) of Appendix A (the letter A before the number indicates that
the equation is referred to the one in Appendix A). More specifically,
for the restricted case for Taiwan and the United States, the regression
coefficients are estimated as follows.

a b c d 0.175 0.309 _—0 579  0.905
a b . ¢ d —0.054 0.247 : 0.298 0.738
(AN R=|crereees R = i e
a* b* . c* g* 0 0374° 0  —0.050
a* b* c*  d* 0 0333 : 0 0.780

which are slope coefficients of equations (1) to (4) in Table 3.

Similarly, for the general case for Taiwan and the United States, the
coefficient matrix consists of the slope coefficients of the equations (1),
(2), (5) and (6) in Table 3. For the relation between Korea and the
United States, the coefficient matrices for the restricted and general
cases are listed in the lower part of Table 3. By the same method, the
relation between Taiwan (or Korea) and Japan, the coefficient matrices
for the restricted and general cases are listed in Table 4.

Generally speaking, our regression method of estimating coefficients
of equations (6) to (9) seems to be more realistic and natural, and relieve
us from the burden of assiging ‘‘reasonable,” often rather arbitrary,
values to the 12 parametes in the model. The trade-off is that the struc-
tural information linking domestic and foreign goods and money
markets may be lost, Thus, it is conceivable that the transmission
mechanism of money supply without structural information may give
erratic results.? Fortunately, this does not seem to be a problem for our
data, as we explain below.

a. The transmission mechanism is shown by the sign and magnitude
of the coefficients of m and m* in Tables 3 and 4. The coefficients in the
m and m* columns show the money supply elasticities of the dependent
variable listed on the left hand side. From these tables, we see that the
expansion of domestic money supply increases domestic output (qyin all
cases, as we might expect.

2 This is one of the points raised by a referee.
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On the other hand, the expansion of foreign money supply also has a
positive effect on domestic output in all cases, indicating the
“locomotive’’ effects, rather than the ‘‘beggarthy-neighbor’ effects
(negative coefficients), of externalities. (Kawai, 1994).

b. For all general cases (Cases I and IV in Tables 3 and 4), a large
country exerts Iarger influence on the output of a small country (m* on
q) than a small country on the output of a larger country (m on g*).

c. Furthermore, the cross supply elasticities of output are highly
significant from large countries to small countries, except equation 7 in
Table 4. On the other hand, the cross elasticities are generally not
statistically significant from small countries to large countries in all
cases.

d. If we eliminate the effects of small countries on large countries by
restricting the coefficients to zero as in our restricted cases, the own
money supply elasticities of output in large countries become highly
statistically significant (equation 3 in Table 3 and 4).

e. A similar effects may be observed on the equations of consumer
prices. All own money supply elasticities of domestic consumer prices
are positive and statistically significant, as expected, except Taiwan’s
money supply in equation 2 in Table 3. The Taiwan-U.S. case has a
negative coefficient, it is insignificant. Similarly, the Taiwan-Japan case
in equation 2 in Table 4, although has an expected positive sign, the
coefficient is small and insignificant. Both cases may reflect rather
stable price movement in Taiwan as compared with her money supply.

f. Theoretically, the cross country money supply elasticities of con-
sumer prices may be positive or negative. Our regression results show
that large country money supply generally exerts larger and significant
influence on the small country’s consumer prices (m* on p.), except the
case of Taiwan-Japan in equation 2 in Table 4, in which the coefficient
is statistically insignificant,

On the other hand, the small countries generally have smaller
elasticities and statistically insignificant influence on the large counties
{m on p,*). Our regression results also show that the two small countries
have different cross relation with the large countries. The money supply
elasticities of the consumer prices of Taiwan and Korea in relation to the
United States are negative (equations 6 and 10 in Table 3), but, with
Japan, they are positive (equations 6 and 10 in Table 4). Furthermore,
all these coefficients are small and statistically insignificant, except the
case of Taiwan-U.S.A, (equation 6 in Table 3), in which the coefficient
is small but significant.
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g. It may be interesting to note that the U.S. price index consistently
exerting very strong and statistically significant influence on outputs and
consumer prices of the small countries, while the influence of the
Japanese price index are generally weak and statistically insignificant
(Column p* of Tables 3 and 4). This may be a manifestation of the fact
that both small countries rely heavily on the United States for their ma-
jor export markets during this period, as we have seen in Table 1.

In general, large countries exert larger and significant influences on
the small countries, as we have expected. This justify the use of regres-
sion methods to estimate the coefficients for simulation, Furthermore,
in this two-country world, the coefficients of the small countries are
generally small and statistically insignificant in influencing the large
country variables. If the small country money supply variable is
eliminated from the regression in restricted cases, the large country
money supply elasticities of output (or prices) increases, and the coeffi-
cients become highly statistically significant. This may justify the use of
restricted cases as one of the criteria to distinguish between large and
small countries.

Y. The Simulation

The eight sets of regression coefficients, like R in (13), are then used
in the mode! to find the equilibrium money supplies, consumer price in-
dexes, and utility levels under Nash and cooperative equilibria for each
pair of large and small countries. From the past performance of the
Taiwanese and Korean economies, we conjecture that the output growth
policy is probably more important than the price stabilization policy.
Thus, we have assigned w,=0.8 to the output growth policy and
w,=0.2 to the price policy. Due to the lack of specific information
about the relative importance of GDP and price policies in the United
States and Japan, we assume that the large country weights the GDP
policy and the price policy equally (w *=w,*=0.5). As explained in
Section 11, there are differences in size of land, population, GDP be-
tween Taiwan and Korean on the one hand and the United States and
Japan on the other, Hence we have given Taiwan and Korea a weight of
0.1 (=h) and the United States and Japan a weight of 0.9 (=h*) in the
world welfare function in (12). The influence of these weights on the
numerical results in rather quantitative than qualitative. Even if the
weights are changed, our qualitative conclusions would still hold.

A. Policy Coordination between Taiwan and the United States
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The target (or desirable) values for Taiwan and the United States,
T =(d", p.f, a™, p,*)’ =(7.7, 4.4, 8.3 4.4), and the domestic prices
z=(p, p*)’ =(4.5, 4.5, all in logarithm, are taken from the averages in
the first and the third part of Table 2.

For the restricted case, the reaction curve in (AS) for the small coun-
try, Taiwan, is derived as

(14)  0.02508m + 0.04059m* = 0.87545

The reaction curve in {A6) for the large country, the United States, is
derived as

(15)  0.12538m*=1,74236
Hence, the Nash equilibrium is calculated from (A7) as
(16)  xV=(mM, m*Ny =(12.413, 13.896)

Now from equation (A8), or equivalently, the first and the second
equations in Table 3, we obtain the target values at the Nash equilibrium
as TN=(qV, p/)’=(7.933, 7.424)’. Taiwan’s utility at the Nash
equilibrium in (A9) is computed as UN= —0.936. They are summarized
in Column (3) of Table 5.

Similarly, using the Nash equilibrium xV in (16), we may calculate
the target values of the United States at the Nash equilibrium as T *N=
(@*V, p*M)’' =(4.972, 8.137)", and the Nash utility as U*¥= —6.261.

_ They are'listed in Column (6) of Tabie 5.

Next, we calculate the cooperative equilibrium. Given the world’s
utility function in quadratic form as shown in (Al), the cooperative
equilibrium is the solution of equation (A10). We have

(17)  x“=(@mC, m*C)’ =(12.704, 13.717)’.

From the cooperative equilibrium, we derive the cooperative
equilibrium targets in (A12) as

(18)  TC=(a, p:F, q*, p,*°)’
=(7.929, 7.364, 4.905, 8.078)’

and the cooperative utility in (A13) for both countries as
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19 WC= —5.726.

These results are also summarized in Columns (4) and (7) in Table 5.

Lastly, we measure the welfare gains or losses (losses are shown in
the parentheses) of Taiwan from cooperation, as compared with the
Nash non-cooperative equilibrium, in terms of GDP. The method is ex-
pounded by Oudiz and Sachs (1984) to measure ‘‘welfare gain from
cooperation measured in units of GNP.”’ From equation {(A14), it can
be shown that the welfare gains or losses, A, can be calculated from for-
mula (A16) as the smallest absolute value of the roots, A =3.235. This is
shown in Column 4 of Table 5. Thus for Taiwan, the welfare loss is
512% when she moves from Nash equilibrium to cooperative equili-
brium. The loss in logarithm is 3.235, or NT$25.409 billion.

For the general case, the reaction curve in (AS) for Taiwan is the
same as (14). For the United States, it is calculated from (A6) as
—(.00582m + 0.09178m* = 0.62945

Hence, the Nash equilibrium is gfven as

(200  xN=(m¥, m*Ny =(21.590, 8.226)’

Now, from equation (A8), TN=(g", p/) =(7.787, 5.528).
Taiwan’s utility at Nash equlhbrlum in (A9) is computed as
UN= -0.130. They are summarized in Column (3) of Table 6.

Similarly, using the Nash equilibrium xV in (20), we may calculate
the target values of the United States at the Nash equilibrium as T M=
(q*N, p*N)' =(2.345, 6.044)’, and the Nash utility as U*N= —9 542.
They are listed in Column (6) of Table 6.

‘The cooperative equilibrium is the solution of equation (A10). From
(A1l), we have

(21)  xC=(m¢ m*C) =(60.310, 8.639) .

From the cooperative equilibrium, we derive the cooperative equili-
brium targets in (A12} as

(22)  TC=(q% p.5, g*C, p.*Y
= (14,691, 3.539, 4.754, 4.472)

and the cooperaﬁve utility in (A13) for both countries as
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(23) WC=-4.793.
These results are also summarized in Columns (4) and (7) in Table 6.
B. Policy Coordination between Korea and the United States

For the restricted case, the Korean reaction function is calculated as
(24)  0.02205m+0.10521m* = 1.06520
and the U.S. reaction curve is given as
(25  0.12538Bm* =1,74236

which is the same as (15). The utility and gains or losses for Nash and
cooperative equilibria are shown in Table 7.

For the general case, the Korean reaction function is the same as the
restricted case. The U.S. reaction curve is given as

(26) —0.000072m +0.10878m* = 1.23710

The utility and gains or losses for Nash and cooperative equilibria are
reported in Table 8.

C. Policy Coordination between Taiwan and Japan, Korea and Japan

For comparison, we also take Japan as the large country and apply
the same analytical methods and computation procedures to calculate
the utilities and gains or losses for Nash and cooperative equilibria. The
results for Taiwan and Japan’s restricted case and general case are
shown in Tables 5J and 6J, respectively. The results for Korea and
Japan restricted are shown in Tables 7F and 8J, respectively. As ex-
pected, we found that the numerical results in the cases of Japan as the
large country indicate the same qualitative implications as in the cases of
the United States as the large country.

‘Instead of choosing the average of past data as the target values, we
also used the minimum and the maximum values of the previous data as
the target values. The results are qualiltatively similar to Tables 5 to 8,
and also to Tables 5] to 8].
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V1. Some Interpretations

Some interesting patterns appear from our simalation results. As in .
the previous paper when the variables are taken as percentage changes, .
the money supply is consistently erratic, although it is not as unrealistic
compared with the previous results as we have mentioned in Section IV,
While the actual money supply on average is 6.4 per year for Taiwan,
and 11.2 per year for the United States, our simulation shows that, for
the restricted case, the Nash equilibrium money supply is 12.4 for
Taiwan and 13.9 for the United States. The cooperative equilibriom
money supply is 12.7 for Taiwan and 13.7 for the United States. For the
general case, the discrepancy for Taiwan is even larger, as shown in the
(m) row in Table 6.

The values for the optimal GDP and consumer price index seem
much more reasonable. For all four countries the values are closer to the
average of the corresponding data, especially for both Taiwan and
Korca. For Taiwan, compared with the -average of 7.7, Nash
equilibrium GDP is 7.9, and is almost the same as that in the cooper-
ative equilibrium. For the United States, compared with the average of
8.3, Nash equilibrium GDP is 5.0. It is also almost the same as that in
the cooperative equilibrium, For both countries, the consumer price in-
dex is 4,4, the equilibrium consumer price index is about 7.4 for T aiwan
and 8.1 for the United States for both equilibria. There are striking
similarity in the patterns of the utilities and gains from policy coordina-
tion. This is shown in the last four rows of Tables 5 to 8 and Tables 5J
to 8J.

In Table 5, the “Utilities’> row shows the level of utilities for the
Nash equilibrium solution and the cooperative equilibrium solution.
- They are computed from (A9) and (A13). The “Change in Uti¥’ row
shows the percentage change in utility by moving from Nash equilibrium
to cooperative equilibrium,? and is calculated from

Q7 (WE—UM*100/|UV|.

It is negative (WC<UPN) if the move is utility-losing, and is positive
(WS>UMif the move is utility-gaining, For example, in Table 5,
Taiwanese welfare loses 512 percent by moving from Nash equilibrium
to cooperative equilibrium, while the United States gains 8.5 percent by
doing so.

3 Since|UN = — UW, (27) is equivalent to (UN—WE)*100/UN.
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The utilities and the percentage changes in utilities of Tables 5 to 8
and also Tables 5J to 8J are summarized in Figure 1. The origin of the
diagram is located well above the upper right corner of the diagram
which is not shown. The diagram shows only a lower part of the third
quadrant of the utility space. Line LL is the 45-degree line from the hid-
den origin. A point on LL represents utility at cooperative equilibrium.
Given a cooperative equilibrium utility of small and large countries,
their corresponding Nash equilibrium utilities, one for the small country
and another for the large country, may be located horizontally,

The corresponding table number is shown at the right margin of the
diagram. For example, the horizontal dotted line at the bottom of the
diagram illustrate the results of Table 8J. It shows the Nash utility for
Korea (K= —15.885%) and that of Japan (J= —8.768%), along with
their cooperative utility (¢c= — 7.237%). If the Nash utility is located on
the right of the LL line, as shown by point K, then the country loses by
moving to the cooperative equilibrium at point ¢ on the LL line. Similar-
ly, if the Nash utility is located on the left of the LL line, then there is a

Figure 1
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gain, as shown by moving point J to point ¢. Some distinct patterns ap-
pear in the diagrma.*

a. All Nash utilities of the small countries are located on the right of
the LL ling, and mostly cluster near zero, indicating small countries
seem to be much better-off with Nash non-cooperative equilibrium,
They will lose greatly by moving toward cooperative equilibrium.

.b. All Nash utilities of the large countries are located on the left side
of the LL line, and cluster near the LL line, indicating large countries
are only slightly worse-off at Nash non-cooperative equilibrium as com-
pared with cooperate equilibrium. In other words, they will gain slightly
by moving toward cooperative equilibrium.,

¢. The above characteristics of the scatter diagram are most clearly
demonstrated in the restricted cases (Tables 5, 7, 5J, 7]. Shown by smali
letters in Figure 1). The variation in the general cases (shown by capital
letters) is much larger than the restricted cases. Thus, the restricted cases
seem to characterize our observations better.

d. There is a discrepancy between the restricted cases and the
general cases in the gains from coordination for Japan and the United
States. For the restricted cases, Japan’s gains are slightly less than the
U.S. gains, as can be seen from the ‘“‘gain distance’’ in the diagram.
However, for the general cases, the Japan’s gains are about twice larger
than those of the United States. If this is any indication about the dif-
ference between the two large countries, we may say that Japan seems to
gain more than the United States by cooperating with these small coun-
tries.

For the small countries, the restricted and general cases are almost
the same in the losses from cooperation with the large countries.
However, there seems 1o have a slight edge that the small country would
. lose less by cooperating with Japan than with the United States. This is
rather inconsistent with our regression finding in Section IV, where we
see that the United States exerts more influence on the small countries

" than Japan (see part g of Section 1V). It is not clear whether this reflects
closer historic and geographic affinity between Japan and Taiwan and
Korea (Hsiao and Hsiao, 1989).

The percentage change in utility by moving from Nash equilibriom
to cooperative equilibrium, as calculated by equation (27), may also be

4 For convenience, Japan’s Nash utility (— 15.358) is Table 6J is truncated at J= — 0 in
the diagram. The actual J should be located on the left outside the diagram.
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read from Figure 1. For example, for Table 8J, the percentage loss from
cooperation for Korea with Japan is shown by K¢/Kd= ~23%, and the
percentage gain from cooperation for Japan with Korea is Jc/Jd = 17%.
The numbers on the upper margin of the diagram are these ratios, r’s,
which should be changed into percentages by multiplying 100. In the
diagram, the percentages range from 10% to 1500%. The vertical dotted
lines divide the area of the diagram based on these percentages, Clearly,
in most cases, the small countries would lose more than 500% and the
large countries would gain less than 10% of Nash utilities by moving
toward cooperative equilibrium,

In Tables 5 to 8, and 57 to 8], the ““Gain, in In'’ row measures the
percentage change in utilities in terms of 1990 logarithmic real GDP.
The gains or losses are calcualted from Oudiz-Sachs formula in (Al6),
as described in the previous section. When these numbers are converted
into real GDP in the ‘‘Gain, in antilog’’ row by taking anti-logarithm.
Table 9 shows the magnitude of these gains or losses in terms of the
percentage of 1990 real GDP (real GNP for Japan). Each country’s 1990
real GDP is listed in Table 2. In each cell of Table 9, the first number
shows the restricted case, and the second, the general case, which is in-
side the square brackets. For example, in Table 5, moving from Nash
equilibrium to cooperative equilibrium will increase United States’ GDP
by US$1.403 billion. This amounts is 0.0287% of the U.S. 1990 GDP in
the restricted case, as shown in the first row (USA) in Table 9. We have
also seen in Table 5 that the same move will decrease Taiwan’s GDP by
NT$25.409 billion. This is about 0.6542% of Taiwan’s 1990 GDP, as
shown in the third row (Taiwan) in Table 9.

In general, we see that for small countries like Taiwan and Korea,
although the losses due to cooperation are quite large compared to the
gains of the large countries, the losses in terms of percentage in real
GDP are consistently much less than 0.8%. On the other hand, Table 9
also shows that the gains from policy coordination for the large coun-
tries are very small, and in terms of percentage in 1990 real GDP, they
are generally negligible, no more than 0.1%.

Hence we may conclude that, while we can identify that there are
welfare losses of policy coordination for the small countries and small
gains for the large countries, the gains or losses are very small in terms
of real GDP, and both are practically negligible.

These results are consistent with the results obtained in the previous
paper (Hsiao and Hsiao, 1994a) when the percentage changes of the
variables are used in the analysis. We may repeat our previous observa-
tions here. For the United States, the country is so large that it is indif-
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Table 9

GAINS OR LOSSES FROM PoLICY COORDINATION
AS PERCENTAGE OF 1990 REAL GDP

{Unit: %)

In Coop. with
Country USA Japan Taiwan  Korea
USA — — 0.0287 0.0305

— — [0.1365] [0.0287]
Japan — — 0.0004 0.0003

— - [0.0205] [0.0006)
Taiwan —0.6452 -0.6116 — e

[—-0.7181] [-—0.7608] . — —

Korea —0.0314 - —0.0046 — —

[-0.0147] [-0.0029}

Note: 1In each cell, the upper number is for the restricted case; the lower number in
brackets is for the general case.

ferent whether the United States cooperates with Taiwan and Korea or
not. However, for the small open economies like Taiwan and Korea, our
results show that, Taiwan and Korea might not have benefits of coor-
dinating their monetary policy with the United States.

The above results are also generally consistent with the empirical
findings in a model of policy coordination among industrial countries in
the literature, Qudiz and Sachs (1984, pp 45-46) found that the gain
would range from 0.03% to 0.99% of GNP of the United States, Ger-
many, or Japan during 1984 to 1986. Coordination may even not pay
(Canzoneri and Minford, 1988; Miller and Saimon, 1990). Later, using
larger models in dynamic settings, researchers have found the percent-
age could be slightly higher, between 0.5% to 1.5% of GNP (Currie and
Levine, 1993, p. 62). Generally speaking, among the symmetric
developed countrigs, ““the gains from coordination are likely to be fairly
small, but not insignificant.”” Thus, ‘‘coordination in the sense of infor-
mation exchange, rather than detailed coordination across all variables,
may supply part of the improvements available from policy coordina-
tion.” (ibid., p. 63).

Our findings are also congruous with the general fear among the
small countries that any regional economic integration probably would
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not benefit, or even would work against, the small countries. The fear
of “big fish eats small fish,” as a proverb says, always presents if they
are too close to each other.

In economics term, an interpretation may be given as follows. The
price elasticity of exports of a small country is in general larger than that
of a large country. This is so because a small country exports labor-
intensive products which can be replaced easily by exports from other
developing countries. On the other hand, the price elasticity of imports
of a small country is in general smaller than that of a large country,
since the former imports raw materials and capital goods from the lat-
ter. The output elasticity of exports of a small country, on the other
hand, is usually lower than that of a large country since the production
capacity of a small country is usually limited. Thus for a small country,
the result of economic integration, say, an agreement in tariffs reduc-
tion, with a large country may have larger negative trade diversion
effect, as they have to buy more from the specific large cooperative
country than from third countries with cheaper prices. The positive
trade creation effect for a small country might be small to limitation of
the output elasticity, thus resulting in losses of welfare. Conversely, for
a large country, the elasticity situation is reversed. The positive trade
creation effect might outweigh the negative trade diversion effect and
thus might gain in utilities. Whether similar interpretation can be
applied to the case of strategic monetary policy coordination in our
model is an open question which requires more sophisticated model
simulation.

VIL Conclusions

In this paper, we have investigated gains or losses from monetary
policy coordination between two groups of physically and economically
different countries. We have found that the small country losses and the
large country gains when both countries move from Nash non-
cooperative equilibrium to cooperative equilibrium. However, the gain
of the large country is minuscule in terms of the percentage of its na-
tional income. Similarly, the loss of the small country is also not signifi-
cant. This may be one of the reasons why policy coordination does not
exist between large and small countries, although there are more than 60
free trade agreements in the world since the end of the Second World
War (Jones, et al., 1992),

Our simulation results that small and large countries are most likely
indifferent about coordination, although basically consistent with the
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results from other more sophisticated static and dynamic models in the
literature, are rather surprising. A caution should be taken in generaliza-
tion of this conclusion in the context of this paper.

In order to obtain some clear and interesting results, the model we
use is a simple, static, and once-and-for-all policy coordination. It
ignores several important long-run and other issues. It may be expected
that a cooperative dynamic game model may lead to welfare improve-
ment relative to the Nash non-cooperative game model through a reduc-
tion in conflicts of interests and benefits from system-wide dynamic op-
timization. Unlike a dynamic model, the variables in the static objective
function are separable, and the world welfare function is the weighted
average of individual objective functions. This implies that there is no
trade-off or complementary relationship among the targets, a rather
unrealistic assumption.

Furthermore, in this fixed price Keynesian frame work with perfect
capital mobility, each country’s nominal interest rate is the same as the
real interest rates, and so the interest rate parity condition (4) also im-
plies the equality between the real interest rates (Hamada, 1974) among
the small and the large countries. While there is some evidence of com-
ovements of the interest rates among small and large countries in Pacific
Rim, there seems no strong empirical evidence of equality in (4) in terms
of either nominal interest rates (Chinn and Frankel, 1994a), or real in-
terest rates (Chinn and Frankel, 1994b).’ Persistent interest rate dif-
ferentials between these countries may distort our simulation results.5

In Nash equilibrium, both countries are assumed to take other coun-
try’s monetary policy as given, without recognizing that the other coun-
try reacts to its own policy. The model may be extended to the case
when the United States (or Japan) acts as the dominant player (the
Stackelberg leader) by anticipating Taiwan’s or Korea’s reaction func-
tion. The dominant player may also take into account the follower’s
policy in the future. This suggests a dynamic framework with rational
expectation. Our preliminary results elsewhere (Hsiao and Hsiao,
1994b) shows that the conclusion we have obtained in this paper is the

5 Covered interest differentials declined substantially from 1982 to 1992 among the
countries with well-developed forward markets (not including Taiwan and Korea)., On the
other hand, uncovered interest parity does not hold among the Pacific countries (Chinn
and Frankel, 1994a, pp. 30, 34). Chinn and Frankel (1994b) also found that real interest -
rates among Japan and Korea, and among United States, Taiwan and Korea, are pair-wise
cointegrated, This finding might contradict the equality in (4). _

6 This has been pointed out to us by Professor Wendy Dobson and a referee of this
Journal.
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same whether United States or Japan acts as dominant player or not.

Our model may also be extended in several ways. The expected rate
of depreciation in the interest rate parity condition may be introduced,
non-linear terms, external demand and supply shocks, model uncertain-
ty, economies of scale, market imperfection, institutional enforcement
and overseeing mechanism for international cooperation, etc., may also
be examined. Clearly, one cannot include all these features in a single
simulation model. One or more of these extensions are already applied
to some of the symmetric models of international policy coordination
among developed countries. However, the theoretical and empirical
works on their applications to asymmetric models of policy coordina-
tion among small and large countries, or among the developing coun-
tries, seem not having been explored.

Naturally, the problems of international policy coordination are too
important to rely only on the simple model as expounded in this paper.
A large model simulation, however, requires a team work by an institute
which is beyond our access. We hope that the results obtained from our
simple model are sufficiently robust to the consideration of more
sophisticated features. Our study is a first step toward this direction.

Appendix A

To facilitate computation, we rewrite the world welfare functions
(10) in matrix form.

(Al)  W=—-(1/2(T-TH" W(T-T%

where
T=(q, p;s 9%, p.*)' =(T}, T’
T =(q*, p,f; q**, p,*)' =(T*, T,")'.

hw, 0
hw, W, : 0

=
Il
It

h*w,* 0 . W,
0 h*w,* '
T is the target variables, T* is the target (or desired) values, and W is a

diagonal matrix consisting of national and international weights (or im-
portance) of policies (w) and countries (h). ““’** denotes transpose. _
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Write the reduced form equation {6) to (9) as T=Ry, or

T R, R;; X
(A2) =
T, R, Ry z
where
a b c d
a b : ¢ d Ry Ry,
RERRI= | o o o ) |
E o : f_ d Ry : Ry
a* b* : c* d*

x, 2’ =(m, m*; p, p*}’

R is the multiplier matrix, x is the policy variables (m, m*), and z=(p,
p*) is what Tinbergen calls ““irrelevant variables.”’

(i) Nash Equilibrium

Nash equilibrium is derived as follows. For the first (small) country,
we choose m such that,

(A3) U=-(1/2) (T, -TH'W(T,~ T
is maximized, subject to h=1, T, =R, x+ R,z. The first order condi-
tion is,

aU__ ﬂ P L
(Ad) o (3m) w(T,-T)=0

where 3(T,-T,")’'/dm=(8T,/dm)’ =(dq/dm, dp,/8m)’' =(a, a)’.
Substituting T, into the above equation, we have the reaction function
of the small country: )

(AS) (a, W,R, x=(a, AW(T R}, 2)

which is estimated in (14).

Similarly, the reaction function for the large country is given by

(A6)  (b*, DIW,R,, x=(b*, BHW,(T!,~ Ry, 2)
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which is estimated in (15).

The Nash equilibrium is then given by solving the combined expres-
sion of (AS) and (A6) for h=h*=1,

a a 0 0 a a 0 0
(A7) | WRx= W(T* - R,2)
0 0 b* b* 0 0 b* b

Denote the solution as x¥=(m", m*¥)’, which is in (16). Substituting
into the constraint, we have

(A8) T N=R;xV+R,z
Hence, for the small country,

(A9)  UN=—(I/2(TN-TVN-THW (TN -T#)

Similarly, we obtain the Nash equilibrium target values and utility for
the large country, T, and U*V.

(ii) Cooperative Equilibrium

The cooperative equilibrium is derived as follows. Differentiating
the world welfare function (A1) with respect to the policy variables
x=(m, m*), we have

W _

T |,
—( L )y W(T-TH=0
x ( a ) W( )

where the derivative T/dx is the 4x2 Jacobian matrix, which is R;.
Substituting T = R, x + R,z of (A2) into the above equation and rearrang-
ing, we have

(Al0) R{WR;x=R;W(T*-R,2)

The cooperative equilibrium is then

(All) xC=(R[WR) ! R{W(T*-R,z2)

which is (17). The corresponding optimal targets are

(Al2) TC=R;x“+Ryz
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and the corresponding optimal welfare is
(A13) WC= —(1/2)(TC-T*)' W(T¢ - T
These are estimated in (18) and (19).
(iii} Gains

Let WC=W(TS)=W(qC, p,9), and UY=U(q", p.Y). Then the “wel-
fare gain from cooperation measured in units of GNP** (see Oudiz and
Sachs (1984)) is defined as quantity A such that
(Al9) WC=U(@@V+A, pM.

where A is positive, since, in general, WC >UN. Because of the data, we
use GDP in this paper,

In our quadratic utility function (A1), the gain A is the smallest ab-
solute value of the root of

(A15) AZ+2fA+2g=0
where f=q"—q, and g=(WC¢—U")/w,. The two roots are
(Al6) A, A= —~f+JP-2g

The gain for the first country is defined as min {|A,], |A,[).

Similarly, we may calculate A* such that

WC= U*N(q*N-!- A*, pcxN)_
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