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ABSTRACT

Various econometric models of Taiwan have been construct-
ed since 1964. All of these shared the same common short-
corings. Their periods of annual data were too short to
maintain a satisfactory degree of freedon. Their estimators
vere determined by the ordinary le&st squares method. The
models were highly demand-oriented. The theoretical frame-
work of the models and the effects of exports and imports on

economic development were barely discussed.

A new equilibrium model of the Taiwamn economy is formu-
lated in this study. The primary objective of this study is
to analyze the economy of Taiwan and determine useful policy
implications. Another purpose of this study is to eliminate
the weaknesses of previous models. bln particular the data
have been made current in an atteapt to enlarge the degree
of freelom. In order to take care of the simultanecus bias,
the 2515 and 351LS nmethods are applied in the estimation
procedure. A dynamic simultaneous model is introduced in
which the approaches of IS-LYN, RS-AD, multiplier analysis,
business cycle, and policy experiments are utilized to en-

rich the findings.



The Taiwan equilibrium model is <capable of predicting
turning points and has a very good fit. It takes into ac-
count the important features of the economy of Taiwan. Ex-
ports are a major contributor to economic growth and employ-
ment. Monetary policy and/or fiscal policy actions cause
inflation. Price stability is vulnerable to the price fluc-
tuation of Taiwan's trading partsers. Fiscal policy is wmore
effective in Taiwvan than monetary policy. Taiwan has a busi-
ness cycle of about 16 years. The Okun's law and the Phil-

lip's curve can be applied.

A diseguilibrium model for Taiwan is also constructed for
comparison in this study. This model confirms the results of
the egquilibrium model. Moreover, wage increases significant-
ly reduce labor demand, but stimulate labor supply. The re-
lationéhip betveen Taiwan's exports and the U.S. GNP is po-
sitive, but negative between the Taiwanese exports and the

Japanese GNP.
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Chapter I

INTRODUCTION

1.1  INTRODUCTIORN

The approach of a simultanecus econometric model has been
videly used by economists and government agencies for the
purposes of determining the relatisnships among econonic va-
riables, planning, forecasting, and simulating policy. Exam-
ples can be found in the central bank policy analysis, the
forecasting, and the econoric planning done 1in countries
such as Australia, Canada, the Republic of China, Indonesia,
Japan, Korea, Malaysia, New Zealand, the Phillipines, Singa-
pore, Thailand, the United States,t Pakistan,2 and Bangla-

desh.3

t Por the models of these 12 Pacific Basin Countries pre-
sentel to the The Pacific Basin Central Bank Conference On
Econometric Modeling in 1974 and 1975, see

Central Bank Macroeconometric fModeling in Pacific Basin

—— e = = e——— - —— e —— —

Bank Conference On Econometric Modeling, by The Banrk of
Rorea, 1975.

2 For the model of Pakistan, see "Economic Growth Model for
Pakistan", by M. Nayyer, Pakistan Economic and Social Re-

view, Vol. XIX, summer 1981.

3 For the model of Bangladesh, see "A Macro-Econometric Ho-
del of Bangladesh", by M. Ali Rashkid, The Bangladesh De-

velopment Studies, Vol. IX, Bangladesh, 1381.

-1 -
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In most of the less developed countries (LDCs), the ap-
plication of econometric models for the above-rentioned pur-
poses was delayed anywhere from 10 to 24 years after Klein
had published in 1950 his famous model, known as the Klein
Model I. As indicated by Lin (1974, p272) and Wony (1974,
p285), Malaysia and Singapore had no formal econometric mo-
dels, and only a little work had been done in this regard
before 1974—24 years after Klein had published his pioneer-
ing work. Lin and Wong also pointed out that the deficiency
of data and the lack of gualified econometricians were the
major drawbacks in building econometric models for these
countries and other LDCs. In addition to these problems, the
author would like to point out that the lack of computer fa-
cilities was another difficulty encountered by most LDCs,

particularly during the sixties and early seventies.

Today, these problems of building econometric models

either no 1longer exist or have become less burdensome for
most LDCs due to the fact that more econometricians are
working in this area, more computers are being used, and
data bases have been greatly improved. Because of the grow-
ing usefulness of econometric models, together with improv-
ing computer technologies and diminishing restraints on data
bases, it is generally agreed that the study and application
of such models will become increasingly popular in both the

developed and less developed countries of the world.
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Taiwan is one of the LDCs that are now using computers in

macroecd>nometric models for gemeral economic planaing.

In 1953 the Government of the Republic of China (here-
after referred to as Taivan for convenience) promulgated and
implemented its first four-year economic plan. The first
application of a simultaneous model in economic planning for
Taivan was, hovever, introduced in 1964 by Ta-Chung Liu of
Cornell University. This was 14 years after Klein (1950) had
published his Klein Model IX. Since the appearance of Liu's
initial work in this area, various econometric models of Ta-
iwan have been constructed by economists and by policy mak-
ers who have realized the usefulness of the simultaneous mo-
jel. Most models built in the sixties and seventies were
highly demand-oriented and estimated by the ordinary least
squares [0LS) method.* Because Taiwvan has been a highly
trade-oriented and foreign-exchange-controlled country, ex-
ports and imports are the major factors determining its eco-
nomic growth and its money supplye. However, model builders
in Taivan have conzentrated upon the impacts of world-wide
economic variables, such as world trade volume, and the GNP
and price indices of other countries. Exports have been
treated as an endogenous variable and huge models were es-
tablished thereon. These model builders—-- such as Yu (1969,

1971a and by, Li {1975), the Central Bank of Chima {1976),

¢ Por more details about the features of those existing mo-
dels for Taiwan, see next section— Review of Literature.
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the Council for Econonic planninj and Development (1980,
1981) , Hsiech, Chow, and Liu {1983), Lee and Shea [1983),
among others— have only presented the specifications and
the results of estimation of their models. Not only has lit-
tle analysis been made of the theoretical framework, the
static and dynamic nature, and the interpretations and poli-
cy implications of their models, but the disputed subject of
the effects of international trade upon economic development

has also been insufficiently discussed.

Unlike the aforementioned models, ¢the present study aims
at setting up a dynamic simultaneous model for Taiwan under
the assumptiopn that product, labor, and money markets are
all at equilibrium. It deals with several key elements of
the macroeconomy in a compact form and is designed to ac-
hieve the following four purposes:

1. Capture the main features of the Taiwan econony;

2. Deternine the effects of exogenous variables on the
endogenous variables, particularly the effects of
exports upon the GNP;

3. Serve as a trial model for economic planning; and,

4. Act as a tool for policy experiments.

Furthermore, once the equilibrium model has been success-
fully constructed, the equilibrium assumption will be relax-
ed and a larger disequilibrium model established. This di-

sequilibrium sodel vill demonstrate that the compact
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equilibrium model can be expanded into a larger one if other
purposes require this. It wvill also prove to be a valuable
source 2f information about the economy of Taiwan which is

not available to us in the equilibrium model.

Having given a brief history of macroeconometric models
applied in Taiwan and having summarized the purposes of this
study, the author will conclude this section by suamarizing

the organization of this study.

Part II of Chapter I will review the relevant literature
regarding the application of nmacroeconometric models and

previous work documented both in the U.S. and in Taiwan.

In Chapter II, an equilibrivm model of Taiwan will be de-
veloped and its theoretical foundatiom, variables, and the
linkage betveen sectors introcduced. How Taylor's Theorem can
be used toc linearly approximate the logarithmical eguations
for obtaining better interactions among the variables and
sectors will also be presented. Because the Taiwan eguili-
brium model is specified with layged endogenous variables,
the dynamic nature of this model and the theoretical frame-
work of dynamic multiplier analysis will be discussed as

well.

Chapter III, a short chapter, will be devoted to the

sources of the data to be applied in this study.
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In Chapter IV, the results of 25LS and 3SLS methods, and
textbook type IS-LM, dynamic IS-LM, and long-run IS-LM mo-

dels, and AS-AD curves will be presented and interpreted.

Chapter Vv will present the results of forecast and simu-

lation of the Taiwvan equilibrium model.

Chapter VI will deal with multiplier analysis and busi-

ness cycle. The features of Taiwvan's highly trade-oriented

econony are well evidenced by the multipliers.

In Chapter VII, a time-trend ex ante simulation and soae

other policy experiments will be completed and explained.

Chapter VIII will be devoted to developing a disequili-
brium model. The findings of the previous equilibrium model
will be thereby confirmed and additiomal 3information about

the Taiwanese economy obtained.

Chapter IX, the final chapter, «ill present the conclu-

sions and policy implications of this study.

1.2 BEVIEY OF LITERATURE

Since Klein published his well-known Klein Model I in
1950, the theoretical development and the empirical applica-
tion of simultaneous macroeconomic models have long created
intense research and heated debates among economists in the

United States. Klein's model, though including only three
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behavioral equations and three identitices, demonstrated its
powerful capacity to describe the behavior of consumption,
investment and the demand for labor at that tinme. In the
sixties, several large nodels appeared. FPor exanmple, "The
Federal Reserve-MIT Econometric Model" was developed by de
Leeuw and Gramlich (1968), "The Brookings Quarterly Econome-
tric Model of the Onited States" by Duesenberry, Fronm,
Klein, and Kuh '196S), and "The Wharton Econometric FPore-
casting Model" by Evans and Klein (1968). The models estab-
lished in the sixties remained attractive bases for further
modification and discussios during the seventies. Sone
small bat well-known models also appeared in the seventies.
For exaaple, the "St. Louis Model" was built by Andersen and
Carlson (1970), and "A Short-run Porecasting Model of the
United States Economy" by Fair (1971 . In the early eight-
ies, a new topic, the so-called "supply-side economrics", was
introduced into the model building process by Sheinin

{1981) , Klein (1982), and others.

Many econometric models for the Taiwvanese economy have
been developed since Liu's (1964) pioneerinyg model. Some
vere developed for the purpose of economic forecasting, whi-
le others vwere used for economic plancing and budgeting.
Prior to 1975, a bulk of the published macroeconomic models
of Taiwvan were developed by T.S. Yu {1969, 1971a and b) and
S.Y. Li (1975). Hovwever, these models suffered from certain
deficiencies as pointed out in a publication by the Central

Bank of China:



There is a noticeable feature in most {earlier}
molels ... that aggregate real outputs are total-

ly demand-determined, whereas money sector and
price sector are either completely 1left out or
only barely mentioned. The same is true for the
probler cof financial repercussions going through
money, prices, and incomes (Central Bank of China,
1976, P.132).

In view of the deficiencies in the models built prior to

1975, the later model builders-—e.g., the Central Bank of
China (1976), the Council for Economic Planning and Develop-
ment (1980,198Y), Hsiech, Chow, and Liu [1983), and Lee and
Shea (1983)-~—successfully introduced money and price sectors
and foreign transactions into their models. Nevertheless,
these 1later models still share the same weakmnesses of their
forerunners. First, all of these models are ambitiously
large, and the periods of annual data applied are too short
to maintain a satisfactory degree of freedon. Second, the
estimators are determined by the ordinary least sgquares
(OLS) method. More efficient approaches, such as the two-
stage least squares [2SLS), three~-stage 1least squares
{3SsLs), and limited information pmaximum likelihood methods
are mor2 appropriate. Third, the models are still demand-o-
riented and 1ignore supply-side constraints. However, the
economicz growth of an island economy such as Taiwan is par-

ticularly subject to the supply of energy and labor.

In order to eliminate the deficiency of the degrees of
freedom in previous models, Huang (1978) recently used the

Taiwan gjuarterly data of 1962-I to 1977-II in his develop-
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ment of a quarterly model for Taivan. Nonetheless, 1it is
still notable that the OLS method was used and that the data

were insufficient and unreliable.S

The impact of trade on the operation of an economy has
long been recognized by economists. Narshall ({1920) argued
that international trade brings economic progress to a na-
tion. Myint {7954) and Myrdal (1957) argued that foreign
trade results in a “"backwash effect" rather than in a
"spread effect". Johnson (1955), and Bhagwati (1958a,b) pro-
posed that deterioration in the terms of trade results in an
immiserizing growth, which in turn brings a welfare-reducing
rather than a welfare-increasing jrowth. Prebisch (1964)
and Simger ({1953) found that 1DZs produce and export pri-
mary products and inevitably suffer declining terms of

trade.

Haberler {1959), Cairncross {1962), Emery ({1967), Maizels
(1968), and Kravies (1970) all corroborated the idea that
foreign trade <contributes greatly to economic development.
Recent empirical studies have confirmed the correlation bet-
ween trade and output. For example, Michaely (1977) applied
the Spearman rank correlation scheme to the cross-sectional
time series data of 41 countries for the period 1950-73, ard

he found that exports and GNP are positively correlated; he

$ As inlicated by Huang (1978,P134), some important varia-
bles were discarded and some proxies were used in his stu-
dy because of the limitations of data.



10
further discovered that growth is affected by export
pcerformance only after countries have achieved a minimun
level of development. In addition, Balassa (1978) found
that policies of export expansion lead to better growth per-
formanc2 than do policies that favor import substitution.
Using the Spearman rank correlation and the Cobb-Douglas
production function, Tyler (1981) confirmed the results by
Michaely and Balassa.® Mohammad (1981) found employment to
be a link between growth and income egquality and concluded
that trade brings higher levels of production and employment

vhile it reduces income inequality.

Taiwan has experienced rapid econcomic development since
1965. EKuo, Ranis and Fei {1981), Kuo (1983), and Gregor,
Chang and Zimmerman(1981) all found that tkhe economic suc-
cess of Taiwan 1is largely due to correct government policy
and the collaboration of diligent people. Furtheriore, they
assertel that Taiwan is a good example of economic success
which other LDCs may follow. The economic success of Taiwan
in the past several decades does not necessarily mean that
Taiwan has been without economic problems. As indicated by
Kuo (1983), the economy in Taiwan 1s novw in the course of
transition and 1is consequently encountering several chal-
lenging problems— e.g., more expeansive labor; more competi-

tion in the export market from Japan, Korea, Singapore, and

6 The studies by Michaely, Balassa, and Tyler did include
Taivane.
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Hong Kong; and heavier reliance on an outside energy supply.
She alss suggested that both the government and the people
of Taiwan respond quickly to these new problems so as to en-

sure continued success.



Chapter II

AN EQUILIBRIUXA MODEL OF TAIWAR

2.1 THEORETICAL FOUNDATION

e T v e i o i i o e v

Conventional macroeconomic theories are concerned with the
analysis of various aggregate economic variables. Among
these are the level of employment, real income and its com-
ponents {(consumption, investment, government spending, ex-
ports and imports) ,the supply of money, the demand for mo-
ney, rate of inflation, and interest rates. These variables
of an economic system can be aggregated into four principal
markets:

(1) the output nmarket,

12) the money market,

(3) the bond market, and

{4) the labor market.

However, ¥alras' law asserts that only three of these
four markets are independent. Any one of them camn be elimi-
nated since the eguilibrium of any three markets can assure
the equilibrium of the fourth. The bond market has been el-
irinatel in this study as is usually done in studies of this
type. Another reason for the elimination of the bond market

is that Taiwan does not have an active bond market.



13

A bold assumption that the economy of Taiwan is in a
state of equilibrium is first made, and then a dynawmic sia-
ultaneous ejuilibrium model is developed under this hypothe-
sis of equilibriunm, Before 1965 the unemployment rate was
about 6%, but it droppeld rapidly after 1965 due to success-
ful econonic development and labor absorption. It has re-
mained at the lov rate of 2% since 1971, and is regarded as
full-employment by Kuo, Ranis, and Fei (1921), and others.
Money d2mand is not directly observable or measurable, and
therefore, in following the approach by Goldfeld 11973) and
Boorman (1980), the money market is first assumed to be at
egquilibrium. The observable money supply is then used to re-
place money demand in formulating the egquation of money de-
mand. Full-employment in Taiwan and the nature of indirectly
observable money demand provide sound reasons why the as-
sumption of equilibrium in the economy of Taiwan is not
naive. Later, this assumption will be relaxed , and a dise-

quilibrium model will be formulated for comparison.

A more complete macroeconomic =zodel would include the ef-
fects of wealth and government budget constraint.? However,

as suggested in sectiom 1.1, Chapter I, the Taiwan equili-

7 Por previous work on the wealth effects, see Pigou [1947),
Patinkin (1965), Meyer {1974), Branson ({[1976), Yu 71980},
and Hvang and Yu (1984), and others. Research on the budg-
et constraint has also been well documented by Modigliani
(1963), Ott and Ott (71965), Christ (1967,1968), Silber
11970) , Meyer (1975), Blinder and Solow (1976), Infante
and Stein [1976), Yu {1980), Hwang and Yu {1984), among
others.
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brium wmodel deals only with the key elements of the
macro-econonmy in a compact form; therefore, the effects of
wealth and government budget constraint are not included in

this molel for the purpose of simplification.

2.2 INTRODDOCTION OF THE VARIABLES

P = R b = Tt~ L A

The main three-market dynamic equilibrium model consists
of 8 behavioral equations and 2 identities. These 10 equa-
tions can be classified into 4 blocks:

(1) the output market (real values),

{2) the labor market [real values),

{(3) the money market (real values), and

{4) the price system {nominal values)e.

The soutput market consists of the identities of product
demand and increment in consumption, as well as the func-
tions of consumption, investment, and imports. The labor
pmarket consists of one equilibrium egquation which eguates
labor supply and labor demand. The money market also con-
sists of only one equation wvwhich ejuates money supply and
noney demand. Pinally, the price system consists of the
functions of wholesale price, consumer price, and the impli-
cit GNP deflator. In addition to the 10 endogenous varia-
bles, the model contains 20 predetermined variables includ-
ing the intercept. Among these 20 predetermined variables,

6 are lagged endogenoous variables and 16 are exogernous va-
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riables in which 4, i.e., G, R, W, and X, are policy varia-

bles.

The variables are listed and explained as followvs:

A) Endogenous Variables

B)

1-

2.

5.

10.

CON: private sector consumption, in billions of
1976 New Taiwan Dollars (NT$).

DCON: the increment in CON, i.e., DCON=CON-LAGCON,
in billions of 1976 HT3.

I: investment, egual to jross fixed capital forma-
tion plus increase in stock, in billions of 1976
NTS.

L: 1labor employed or labor supply, in millions of
persons.

LOGMS: noney supply or moaey demand in logarithmic
form and billions of 1976 NTS.

LOGCPI: consumer price index in logarithmic form.
LOGP: implicit GNP deflator in logarithmic form.
M: iaports, in billions of 1976 NTS3.

WPI: wholesale price index, 1976=1.

Y: GNP in billions of 1976 NT3.

Predetermined variables

1.

2.

G: government spending on consumption, im billioas
of 1976 NTZ.

INT: intercept, denoted by a0, bO...etc. 1in the
equations.

K: capital stock, in billions of 1976 NTS$.
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4. LAGCON: consumption lagged in one period.

S« LAGI: investment lagged in one period.

6. LAGM: imports lagged in one period.

7. LAGY: GNP lagged in one period.

8. LAGEPI: WPI laggyed in one period.

9. LGLNMS: LOGMS lagged in one period.

10. LOGMON: the logarithmic form of the ratio of the
nominal money stock to real GNP, i.e., MON = nomi-
nal money stock/Y.

11. LOGR: real short-term loaa interest rate in logar-
ithmic form.

12. LOGNW: nominal proxy wage rate index in log form.

13. LOGWPI: wholesale price index in log fora.

4. LOGY: GNP in log form.

15. NFP: net foreign payment, in billions of 1976 NT3.

16. PM: import price index.

17. T: time (1960=1).

18. W: proxy wage rate index, 1976=1, where the proxy
wage rate = the national income distributed as a
wage bill divided by the total labor employed.

19. X: exports, imn billions of 1976 NTS.

20. R: real short-term loan interest zata.

The 3ata for Y, CON, I, X, M, NFPP, L, NS, K, T, ¥, R, P,
HPI, CPIXI, and some other key variables, such as UY { U.S.
5NP), and JY ( Japanese GNP), vwhich will appear im Chapter

VIII, are listed in Appendix A for reference.
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SRECIPICATION OF THE MODEL
Product Demanl Xdentity
The product demand identity is defined as:
Y=CON+I+G#X-M#NFP —=—=- e e e (2-3.1)
The first five terms of the right-hand side of the
ejuation are the components of domestic gross product
(DGP). NFP, as defimed in Dornbusch {1980, p21), is
the net factor payment (or receipts) from abroad.
Consumption Function
The original Keynesian hypothesis states that consump-
tion expenditures depend on income, but increase pro-
portionally less than income. 1In the <classic rodel,
hours of work, and therefore household income, can be
expressed as a function of the real wage rate, so that
consupption can also be expressed as a function of the
real wage rate. The FReynesian hypothesis is followed
but is reviseld by adding lagged consumption into the
ejuation. The purpose of the introduction of a Koyck's
(1954) distributed lagged of dependent variable into
this model is to specify a dynamic formation with
vhich to take into account the adjustment process to-
ward equilibrium. Thus consumption is expressed as:
CON=al+a1#Y+a2*LAGCON4Ee 1 ~~— = mcm e e {2.3.2)
The Identity of the Increment in Consumption
The increment im consumption {DCON) is defined as:

DCON=CON-LAGCON —==-=-—mom—me oo mm oo e 12.3.3)
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The increment in consumption implies that the demand
momentum is pulled by consumption.
Investment Function
Samuelson 71939) specified the investment function in
his dynamic model as I=a+b(CON-LAGCON), assuming that
investment is pulled up by the additional demand in
consumption. Samuelson's conéept is adopted and re-
vised by introducing the real interest rate (R) , ca-
pital stock [K), and the lagged investment [LAGI) into
the function. The proportional replacement hypothesis
states that replacement investment is proportional to
the existing capital stock, and a comstant rate of
depreciation 1is technologically imposed. This hy-
pothesis suggests that the sign for the coefficient of
K is positive and less than one. The investment func-
tion is therefore specified as:
I=b0+b1%DCON ¢+b2%R+b3*K+bl4*LA5I+te2 --~-== ————— (2. 3.4)
Iaport Function
The import functiom 1is similar to the coansumption
function and therefore is also related to income. How-
ever, 1in order to specify the feature of the heavily
trade-oriented economy of Taiwan, exports are intro-
duced into the function of imports and a Koyck-type
lag is used to specify the dynamic nature of the mo-
d2l. Therefore, the import function can be written as:

B=cO+Cc1%xY+Cc2*X+Cc3*LAGH*+E3 ——~=~m——c-r—cccrnna—a {2.3.5)
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P) Labor Demand

G)

The profit maximizing firms will continue to enmploy
workers up to the point where the marginal physical
product of labor (MPP(L)) ejuals the real vage rate.
However, MPP (L) is hardly observed in the real world.
The GNP is therefore introduced to replace BPP‘L).
The relationship between the labor demand and the GNP
is theoretically positive as specified by the produc-
tion function. In addition, real wage (W), time trend
{T), and the wholesale price index !WPI) are intro-
duced. The demand for labor depends on the final 3de-
mand for output, and therefore the increase in the
output price [reflected by WPI) increases the demand
for labor. The increase in the real wage implies that
it is more costly to hire an additional unit of labor;
thus, the coefficient for real wage is expected to be
negative. Due to the assumption of equilibrium in the
labor market, the labor supply is set up to equal the
labor demand. The equilibrium eguation for the labor
market is specified as:

L=d0+3 1*%Y+d2*Wed3*T+dU*YPI¢ely --—~——=—=—c—com—aaa—- (2.3.6)
Money Demand {Supply)

The tramsaction demand for money has a long tradition
in classic econorics. Fisher (1911), Pigou(1917),
Hicks{1935), Baumol({1952), Tobin {1958), among others,

formulated money balance as a function of either in-
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cope or wvwealth. The concept of the speculative demand
for money was first introduced by Keynes (1936) and
later formalized by Tobin (1958). Their demand for mo-
ney was formulated as a function of interest rate.
Friedman (1956,1959) reconciled both sides and formu-
lated money demand as a function of interest rate,
p2rmanent income, and non-human wealth. The desired
money balance demanded was no>t directly observed. But
both wpartial adjustment” and "adaptive expectatioa"
mechanisms can overcome this obstacle.® Both mechan-
isms generate a Koyck's distriguted lag formation.
Empirically, the actual money demand is not directly
observed. The observed M1, M2, or the money supply ba-
lances were used to substitute for the money demand in
the empirical studies by Laidler (1966a,b), de Leeuw
and Gramlich (1968), Brunner and Meltzer (%1964), Gold-
feld (1973), Dickson and Starleaf (1972), among oth-
ers. Both sides of classic and Keynesian versions are
reconciled in this study and the money nmarket equili-
brium equation is specified as:
LOGHS=f0+£1*LOGY+£2*LOGR+fI*LGLNNS+e5 -=-==e-—=- (2.3.7)

H) Wholesale Price

8 For details of *"partial adjustment®” and "adaptive expecta-
tions" mechkanism in the study of money demand, see Boor-
man, "The Evidence on the Demand for Money :Theoretical
Formulations and Empirical Results", Current Issues Ino

man, AEM Ince., Illinois, 1980
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Bacause Taiwan is a highly trade-oriented country, the
prices of imported goods should have a significant im-
pact on its production cost and in turn should spread
the effects over to wholesale prices. The wholesale
price function is formulated as:
WPI=g0+g1%PN+g2*%LAGHPI+Ef=—m=m-m=m—mm e mee e 12.3.8)

I) Consumer Price
Consumer price is specified as a function of the
vholesale price and nominal wage rates:
LOGCPI=hO+h1*LOGWPI+h2*LOGNWteT—~—~———m—meena—-- (2.3.9)
J) GNP Deflator

The GNP deflator is specified as a function of the
vholesale price, coasumer price, and money pressure.
Money pressure is defined as a logarithmic ratio of
nominal money to real GNP. It is assumed that the pro-
dact markét is near eguilibrium; demand pressure® is
consequently eliminated in this model. But demand
pressure will be introduced 1into the later diseguili-
briumn model. Money pressure can be derived from eith-
er Fisher's (1911) eguation >f exchange, MV=PY, or Pi-
gou's {1917) Cambridge equation, M=kPY. By assuming
that the velocity of the circulation of money (k) is

constant, price is approximately the function of the

9 Demand pressure can be defined as the ratio of potential

GNP and actual GNP. In the St. Louis Model, Andersen and
Carlson 71974) defined demand pressure as D =
IY-LASY)-{FX-LAGX), where Y = nominal GNP, LAGY = lagged
nominal GNP, FX = potential (full employment) real GNP,
LAGY = lagged real GNPa
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ratio of nominal money supply and real GNP. The im-
plicit GNP deflator cam be written as:

LOGP=i0¢i1*LOGMON+i2*LOGWPI+i3*LOGCPI¢+el —=—=—- (2.3.10)

2.8 THE IDENTIFXCATION OF THE MODEL

To validate a simultaneous model each structural equation
in the model should be either identified exactly or overi-
dentified. When structural equation parameters can be uni-
quely determined, the equation in guestion i3 said to be ex-
actly identified. When more than one set of parageter
estipmates for one or more parameters can be determined, the
equation is said to be overidentified. Underidentification
arises when the parameter estimates are impossible to deter-

mine for a given structural eguation.

Because a simultaneous model can be expressed in a re-
duced form { see Section 2.7 ), the most general conditions
for identification involve some matrix-related conditions
associated with the solution of a system of eguations. One
of the most useful rules for the purposes of identification
is called the order condition. The order condition states
that if an equation is to be identified (or overidentified),
the number of predetermined variables excluded from the
equation under the test must be egual to ({or greater than)
the number of included endogenous variables minus one. The
order condition can be mathematically expressed as:

(k=k (1)) 2 (p(i)-1) -=--=--------co—se—e————o— oo (2.4.1)
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wvhere k = total number of the predetermined variables
in the model systen,
k(i) = the number of the predetermined variables
in the ith equation,
p(i) = the number of the endogenous variables

in the ith equation.

For an equation with one or more lipear combinations,20
equation 2.4.7 can no longer hold. But equation 2.4.71 can be
revised into a somewhat different form to deal with the 1li-
near cosbination. This revised order condition states that
a necessary condition for an eguation to be identified (or
overidentified) is that the sum of the number of all the va-
riables excluded from the eguation in gquestion plus the num-
ber of 1linear combinatioas!?! must be equal to [ecr greater
than) the number of endogenous variables in the system ainus
one.'2 In terms of mathematical expression it can be written

asz:

10 If ejuation 2.3.2 is introduced into equation 2.3.4, then
the investment function becomes an eguation with one li-
near combination of {CON-LAGCON) and can be expressed as
I=b0 + b1 ({CON-LAGCON) + Db2%R #+ b3 * LAGI.

11 The number of lingar comb;nations @s counted as the num-
ber of variables in the linear combination minus one. In

the case of an equation without linear combination, it is
counted as zeroe

12 Most of the concepts in this section came from the notes
taken by the author from the lectures 1in Econometrics I

and II taught by Liev at the University of Oklahoma. For
more discussion on the identification of a simultaneous
model, see Fconometrics, a forthcoming book by C.K. Liew
{1984), University of Oklahona, and Econometric Models




(-m(i)) ¢q 2> (p=1) -==--omememme—e et (2.4.2)
vhere n = total number of the variables in the
systen,
m(i) = total number of the variables
included in the ith equation,

the number of the linear combination,

n
]

p = total number of the endogenous variables

in the systemn.

By using either equation 2.4.1 or equation 2.4.2 to test
the identification, each stochastic eguation in the equili-
brium mb>del system is found to be overidentified. Taking our
money market equaticn 2.3.7 as an example, the result gener-
ated by equation 2.4.1 is [20-4)=16 > ({1-1)=0, and by egqua-
tion 2.%.2 is (30-5) « 0 = 25 > (10-1) =9, demonstrating that
the money market equation is overidentified.

2.5 THE INIERFLOW AND LINKAGE OF THE HMODEL

In the classical models, a dichotomy between real and co-
minal variables has always been assumed. Real values are
decided in the output, and labor markets and prices are de-
cided in the money sector. ¥n this study, all output, money,
and labor markets are treated as real sectors and the varia-
bles are assigned real values. A special price system is de-
veloped to determine prices. The variables in this price

system are assigned nominal values unless they are in terms
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of indices. Although prices are primarily decided by the
price system, they are also heavily influenced by the money
supply. The logarithmic form of money pressure, the nominal
wage index, and wholesale prices strongly link the real sec-
tors and price system.,!3 Both money and capital markets (the
investment function represents the capital market in this
study) decide the real interest rate. The labor market de-

cides the real wage.

The interflov and linkage of the Taiwan model is depicted

in Pigure 2. 1.

13 The strong linkage between the real sectors and the price
sector can be detected by the following equations:
{a) LOGHOR = LOG {{P*MS)/Y) = LOGP+LOGMS-LOGY,
{(b) LOGNW = LOG(P*W) = LCOGP*LOGHW.
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2.6  HONLINEAR SYSTEM SITH LINEAR APPROXIMATION

In the Taiwan Equilibrium Model, the functions of money
demand, consumer price, and the GNP deflator are transformed
into 1logarithms. Though they are logarithmically 1linear
forms in an algebraic sense, their original forms actually
are non-linear. In applying the SAS package to run the mo-
del, the original variable and the log-transformed variable
are treated as two individual variables. For example, Y and
LOGY are treated as two different variables. This arrange-
ment is appropriate for estimating parameters; however, it
becomes inappropriate and illegitimate when doing multiplier
analysis, forecasting, simulation, and policy experiments.
There are two reasons for this:

17« Mathematically Y is known whenever LOGY is known, and
vice versa, no matter which position of exogeneity or
endogeneity exists.

2. Linkage within the model is greatly reduced if the
original variables and the corresponding log-trans-
formed variables are treated as individual and inde-

pendent.

Thke log-transformed variables can be converted back to
their original variable status by applying Taylor's Theo-

rem.!®* Taylor's Theorem states that the non-linear function

14 por the details about Taylor's Theorem, see Chapter 13,

o s e e e

Wiley & Somns, 1978).
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Yy = £'x) can be linearly approximated as:
Yy = f0+ (of/>x) (x-x0)
vhere2f/>x = Jacobian gradient,

x0 mean value of the corresponding variable,

£0

Y = mean value of Y.

y-£ (x0) = residual = 0, and

For the purpose of demonstration, ¢the 1log-transfornred
consumer price equation LOGCPI = hO+h1*LOGWPI+h2%*LOGN® can
be approximated through the following steps:

(1) LOGCPI=hO+h1*LOGRKPI+h2%*log (P*W).

{2) LOGCPI=hO+h1*LOGWPI+h2*LOGP+h2*LOGH.

13) CPI-CPI
1 h1 h2 h2 -1
'>f/>x) (x- x0)= [~—, 0 , — , — ,— || WPI-WPI | =0
CPI ®PI T W P -7
W-W

(4) CPI/CPI={1-h1-h2-h2) +(h1/¥PI) WPI+ (h2/P)P+ (h2/W)¥W.
*5) CPI={1-h1-2%h2)CPI+ [h1/WPI)CPI*KWPI+ (h2/P)P*CP1

+[h2/W)W*CP1I.

Equation in 5 is finally the linear approximation for the

original logarithmic CPI function.
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2.7  DUNAMIC HMOLTIPLIER ANALYSIS

A dynamic model can be written into a matrix form as:
W Y=A% | +B% X4C* X #€ ==—mcmommmme oo oo (2.7 1)
The matrix form can be further simplified into a reduced
form as:
Y= A Y # BX #C X_#V —ommme e (2.7-2)
where Y = the matrix of endogenous variables,
X = the matrix of exogenous variables,
W = the matrix of the coefficients for Y,
A* = the pmatrix of the coefficients for Y ,
B* =the matrix of the coefficients for X,
C* =the matrix of the coefficients for X ,
e = residuals,
A = ®W-1 Ax
B = W—1 B¥ ,
C = W1 C* ,
v =W "1 e,
Y.,= the matrix of endogenous variables with
one-period-lag,
X.~ the matrix of exogenous variables with

one-period-lag.

The reduced form of 2.7.2 can be further expanded to:

Y=BX+ [AB+C) X_,+ A2 B+C) X ,¢==-~ (2 X Bec) X === 12.7.3)15

15 If there is no lagyged exogenous variables, then matrix C
equals zero. Equation 2.7.3 can be simplified as ¥
=BX+AB X_+ A2 B X -+ AK BX_.x, The Taiwan eguilibrium mo-
del is the simplified case, since the C matrix is zero.
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The impact multipliers are mathematically defined as 3y/

2x = B, wvhich indicate the effects of a one~dollar change in
exogenous variables in the current period upon the change in
the endogenous variables in the current period. The interinm
multipliers are mathematically defined as 3y/sx = E%ltht
B+C), wvhich indicate the effects of a one-dollar change in
exogenous variables 1in prior k periods upon the change in
endogenosus variables in the current period. Thus, the total
multiplier can be defined as the sum of both the impact and

K
the ipterim nmultipliers, i.e., B+§%{At B+C)a

The stability of the dynamic multipliers can be detected
by the eigen values of the matrix of A, denoted as z. Eigen
values are defined as the values which can make the follow-

ing equation hold:

jA-2I] = C,

where A = a k by k matrix,
I = a k by k unitary matrix,
z = eigen values.

Because A is a k by k matrix, there are at most k eigen
values. Let the absolute value of the largest eigen value be
equal to z#%, then

A) If A is a symmetric matrix, all z are real numbers,

and the following rules applys
1. If z* < 1, the model is uniformly converged.

2. If z* > 1, the model) is uniformly divergede.
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3. If z* = 1, the model is a uniform case.
B) If R is a non-synmmetric matrix, some eigen values are
imaginary, and the followving rules apply:
1. If 2% < 1, the model is 5scillatingly converged.
2. If z* > 1, the model is oscillatingly diverged.

3. If z+ = 1, the model is uniformly oscillated.

Because of the built-in business cycles, the multipliers
may be positive in some years and negative in others. A
proper dynamic model should detect the necessary length of

the business cycle.



Chapter III

DATA SOURCES FRON TAIWNAK, JAPAN AND THE U.S.

3.1 DATA OF TAINAN

The time series annual data covering the period of
1961-82 are applied in this model. The data for most of ttke
variables in this study are available in the "Taiwan Statis-
tical Data Book, 1983" published by the Council for Economic
Planning and Development, Taipei, R.0.C. Data for the Import

Price Index 'PM), 1962-79, were obtained from A Model for a

Four—-Year Plan for Economic Development of Taiwan published

by the Zouncil for Economic Planning and Development {CEPD),
1981. PM Data for the periods of 1961 and 1980-82 were sup-

plied directly by CEPD through the mail.

Data for the wage rate are calculated by using the fol-
lowing formula: the wage rate is equal to the national in-
come distributed as a wvage bill divided by the 1labor em-
ployed. Due to the difficulty of obtaining reliable data,

this proxy wage rate is used.

The data of Taivan have some limitations. Yu and Lee
{1978, pY%0), 4in their article entitled "The Experience of
Econormetric Modeling in Taiwan' address these limitations as

follows:
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He have no suitable data _for vage rates for the
whole economy and no reliable ata for capital

stock. The data for employment are very rough.
It is also widely recognized by economists that the gdata for
the money supply, and therefore money demand, are not relia-
ble due to the existence of an active black market for money
and many nmutual savings-and-loan associationsé througkout
the wvhole island. The official statistical data only take
the transactions from the formally recognized organizations
into account. Accordingly the author believes that the of-

ficial 3data is biased and underestimated.

3.2 DATA OF THE U.S. AND JARAN

The data for the U.S. GNP for the period 1961-81 came
from the Statistics Abstract of the U.S. published by the
U.S. Department of Commerce, and the data for the year 1982
came from the Survey of Current Business, April 1983 issue,

also published by the U.S. Department of Commerce.

The 3ata for the Japanese GNP 1961-81 came from the Japan

Statistics Year Book published by the Japanese Bureau of

Statistics, Office of the Prime Minister, and the Europa

Year Boak, issued by Europa Publications, London. The data

16 In Taiwan, mutual savings-and-loan associations can be
initiated and organized by anyone. At the present tinme
there is no particular law or regulation to regulate this
kind of association, other than Civil Lav. Only those who
register as a bank and/or a trust company or a fimnancial
company are regulated by Banking Law or other particular
financial business codes.
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for the year 1982 came from the Feb/March 1983 issue of the

apan Report, published by the Japan 1Information Center,
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Chapter IV

RESULTS AND INTERPRETATIONS OF THE TAIWAN BODEL

8.1 BESULTS OF THE ESTINATION

To take care of simultaneous bias, a correlation between
endogendus variables and residuals, either 2SLS or 3SLS nmust
be applied to a simultaneous model. ®hen 2SLS is applied,
tvo steps must be performed. The first step is to regress
the explanatory endogenous variables on the predeternined
variables of the moldel. The second step is to treat the fit-
ted endogenous variables as instrumental variables and re-
gress the stochastic equations. Once the 2SLS parameters
have bezn calculated, the residuals of each equation are
used to estimate the cross-eguation variables and covarianc-
es—just the same as in Zellner's (1962) estimation process.
In 3SLS estimation an additional third step is needed in
which the gemeralized 1least squares method is nused to take
care of the cross equation correlation and obtain the paranm-
eter estimates. The 3SLS yields more efficient estimates
than the 2SLS because the 3SLS takes 1into account cross-e-

guation correlation.t?

17 For details about the 2SLS and 35LS and their exanmples,
see Pindyck and Rubinfeld (1981), Econometric Models &
Econoric Forecasts, Chapter 11, New York: McGraw Hill,

and Liew (1984), Econometrics, a forthcoming book, Univ-

- 35 -
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Estiaates for the parameters of the 8 stochastic equa-
tions vere determined using SAS. The results of the applica-
tion of the 2SLS and 3SLS methods are reported respectively
as follows [(the figure in the parenthesis under the coeffi-

cient is the t value for that particular coefficient):

4.1.1 Results of 2SLS

- - e s

Y= CON ¢+ I + G + X = M # NFP m—m-m-eececm—mmeem e {lede)
DCON = CON = LAGCON ====—m=m—emm e e e (U R.2)
CON=27.109+0.21164Y40.5455LAGCON+@l-mmmmmmmmmm——a {4« R.3)

(8.93)  (8.03) (4.81) B2 =0.9986

I =35.5181+1.2994 DCON - 11,1924 R+40.0054 K

(0.72)  (1-94) {(-0.84)  [0.14)

+ 0.7886 LAGI#E2==m=mm=m==-eeceee e mmce————— (4.2.0)
{2.53) R2 =0.973

M =-51.5128+0.3836 Y+0.1022 X¢0.1776 LAGN+e3----- (4.4.5)
{-1.37) (1.95)  (0.39) 10 93) R2 =0.9914

Labor Market:

L =3.2085¢.00299Y-1.868 W+0.1335 T+.1357WPI+e4 -~ (4.A.6)
{48.57) 15.96) (-5.00) ({10.16) {0.96) R2 =0.9977
Money Market:
LOGMS=~4.6171-.0934LOGR*+1.5798L053Y
12.59) (-.62) 14.19)

-0.0796LGLNHS+e5 ==m==-=mm-mcm—m——m——— e (4.A.7)

ersity of Oklahoma.
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(--37) R2 =0.9922
Price Systenm:
WPI=0. 1586+0.7796 PM +¢0.227 LAGWPI+e6f —==—m=—m=—m=- {4. A B)
{(9.19) (15.28) (0.32) B2 =0.9961
LOGCPI=0.0035+.7795 LOGWPI+. 1893 LOGNRte] =—-ww=e- (4.12.9)
10.32) 78.78) [4.64) R2 =0.9936

LOGP=. 2557 +. 1B02LOGMON+. 1792LOGWPI

{5.36) {5-67) T1.67)
40 .5373L0GCPI408 =mm-rimmmmmme e —m e —————— (4.2.10;
14.87) R2 =0.9980

g.1.2 Results of 3SLS

=t A

Y =CON+ I 4+ G+ X=H + NFP ——cmmmmmmmemeeeeee o (4= B. 1)

DCON = CON = LAGCON ==-——=—=c—mme o (4 Ba 2)

CON=25.0802+0.1926 Y ¢ 0.5912 LAGCON+e9 --------- {4.B.3)
(5. 80) (527 (6. 84)

I =55,045+1.3266 DCON-2.0659 R+0.0432 K

(2.38) (4. 10) {-3.09) {2.37)
+ D.4431 LAGI#210 ===m=——mme e e e {4.B.b)
12.89)
M ==21.0785+0. 2307 Y+0.3788 X+0.1260 LAGM+el11 —=- (4.B.5)
{-1.10) {2.40) [2.88) (1.07)

Labor Market:

L =3.2630+40.0035 Y-2.1116¥W+.1252T+0.0903WPI+e12 (4.B.6)

{51.16) [8.09) [-6.66) 110.81) {0.73)
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LOGMS=-~3.7064~.1455 LOGR+1.3868LJGY
[-6.7) [-2.23) (8.44)
+0.019LGLNNS+@13 —==c-=-mmc e (4.B.7)
(0.21)
Price Systenm:
WPI=0. 1504+0.7455 PM+0.070 LAGKPI+elly -—————--mm {4.B.8)
(10.32) (20.17) (1. 40)
LOGCPI=0.0040+.8362 LOGWPI+.1652 LOGNWH+e15 ==——=- {4.B.9)
(0.37) (13.37) {5-68)
LOGP=a 29114+, 205LOGMON+.0B815LOGRPIL
[11.43) 112.69) 11.64)
#0.5757L0GCPI+e16 ——r-==mm—ceo—mo—mecmcc———e (4.B.10)

112.19)

4.1.3 The Pindings from the Bstimation

All correct signs for the estimated coefficients can be
determined by either the 2SLS or 3SLS method. Because 3SLS
is more efficient than 2SLS, the +t values reported in 3SLS
are greater than those in 2S51S, iaplying that the coeffi-
cients are more significantly different from zero when 3SLS
is applied. The coefficient of determination [R2 ) for the

ther functions is

o]

investment furncticn is S$7% and Ifor the
higher thamn 99%, showing that every eguation in the model

has a very good fit.
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In the import function, both exports amd GNP are found to

be significant at 1% level, 1indicating that imports are en-
hanced by the expansion in GNP and exports. The significant
positive relationship between exports and imports reflects

well the highly trade-oriented economy of Taiwan.

Though the consumption function in this model is very
simple, the GNP of the current year is a sufficient explana-
tory variable for consumption. The marginal propensity to
consume is 0.1926 and is significant at 0.01%. Although in-
terest rates have long been under the control of the Govern-
ment on Taiwan,!?® evidence still shows that they have a sig-
nificant impact on the activities of investment and money

demand.

In the labor nmarket it is found that GNP is related
strongly and positively to labor demand, while wage rates
are only negatively related. In the price systesn, the
wholesale prices are significantly explained by import pric-
es, imndicating that the stability of domestic prices is
vulnerable to the price fluctuations of trade partner coun-
tries. The wholesale prices and nominal wages in turn influ-

ence the consumer prices. Finally, the wholesale prices,

18 Recently the Goverament on Taiwan established a prelimi-
nary money market. More agents and instruments were in-
trodaced into the market. The interest rate was no longer
officially approved by the Central Bank of China as it
had been for the past 20 years. But the adjustment of
interest rates nmust still be approved by the Banking In-
dustry Membership Association.
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consumer prices, and money pressure in turn affect the

stability of the GNP deflator.

4.2  SIATIC IS-LN

The Reynesian version of the XIS-LH model treats the nomi-
nal wvage and the price level as exogenous variables and uses
these to solve for the equilibrium values of real GNP and
the interest rate I[Note that in Keynesian IS-LM!9 curves GNP
is usuvally placed on the horizontal axis and interest rate
on the vertical axis). The classical version treats the
eguilibrium values of employment and real GNP as predeter-
mined variables. They are used to solve for the equilibrium
values of the price level and the interest rate {Note that
in the classical IS-1M, the price 1level is placed on the
horizontal axis and the interest rate 1is placed on the ver-
tical axis). In this section, the static Keynesian IS-LHM
curves for the economy of Taiwan will be derived from 3SLS

estimation results.

The IS curve 1is the locus of points of the combined va-
lues of interest rate {R) and GNP [Y) which correspond to
equilibrium in the output market f£5r given values of the ex-

ogenous variables, which in turn influence the demand for

19 The zurves are named for the key variables in the two
eguilibrium conditions: IS refers to investment {I) and
savings (S) equilibrium in output market and LM refers to
money demand (L) and money supply M) egquilibrium in mo-
ney market.
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soutput !such as government spending (G), exports [X), and
net foreign payment (NFP) in this study). Since the output
market consists of 5 equations, the identity of DCON (4.B.2)
first needs to be substituted into the equation of invest-
ment (4.B.4), then the equations of consumption (4.B.3), in-
vestment {4.B.4), and imports (4.B.5) must be substituted
into the product demand identity (4.B.1). The third step is
to replace all variables in the right-hand side of the pro-
duct demand identity with their mean values except for the

variable, interest rate20 (R).

The following IS curve is derived according the above
procedures:
¥=599.111-2.6398 R =---=-c-—cemcc oo (4.2 1)
To rearrandge equation 4.2.1 and divide it by 2.6398, eq-
uation 4.2.1 can be restated as:

R=226. 954~0.37882 Y ====mm=m—mmmm e e (422.2)

The LM curve 1is the locus of points of the combined va-
lues of interest rate (R) and GRP, consistent vith equili-
brium in money market. Because the money equilibrium equa-
tion 2.3.7 4is in a logarithmic form, the LM is a curve

rather than a straight line like the IS curve derived abovea

20 A more straightforward method to derive the IS curve is
(1) to replace the variables in the right-hand side of
the equations of consumption, investment, and imports
with their mean value except interest rate and GNP, [{2)
to substitute the generalized eguations by (1) into the
product demand identity and then do further generaliza-
tion.
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For the purpose of deriving an LM curve, the status of the
money supply is first changed to be exogenously determined
and then the MS and LAGMS in equation 4.B.7 are reélaced by
their mean values. By completing the processes described
above, equation 4.B.7 can be expressed as
1L0G(123.62)=-3.7064~.1455 LOGR+1. 3868 LOGY
+0.019 LOG(114.62) -=--—=-m——sromce—a- (4. 2.3)
Equation 4.2.3 is calculated and rearranged, and is

rewritten as followss

LOGR=-57.96149.5313 LOGY ==—-m===m—-e—mm—m e oo (4-2.8)

The equations 4.2.2 and 4.2.4 are the static IS-LM curves
for the Taiwan economy and are shown im Figure 4.1. As can
be seen in this figure, the equilibrium point occurs at &
where R=11.75%, and Y= 568 NT$ billions. A comparative stat-
ic analysis of this Keynesian IS-LM model can be made by al-
lowing one or more of the exogenous variables to varye.
These changes will cause either or both the IS and LM curves

to shift.

4.3 D

i~
3]
I

]

A Koyck-type lag is employed in the consumption, invest-
rent, import, and money supply functions. This scheme pro-

vides the Taivan Model with a dynamic nature that is capable

of showing its path of movement to an egquilibrium point.
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To derive a dynamic IS curve, it is first necessary to
substitute the identity of DCON (4.B.2) into the equation of
investment (4.B.4). Second, it is necessary to substitute
the functions of consunption (4.B.3), investment (4.B.4),
and imports {4.B.5) into the output demand identity (4.B.?Y),
and also replace the variables of 5, X, and NFP with their
mean values., By completing the processes described above,
the identity equation can be shown as:
1.2178 Y = 416.3037+0.0489 LAGCON+0. 4431 LAGI
-0.126 LAGN-2.0659 R ——-=-———e-———ecr—cc——- (4.3.1)
Rearranying the terms and dividing both sides by 2.0659,
ve rewrite equation 4.3.1 as:
R = 201.5724¢0.0237 LAGCON+0.2745 LAGI

-0.061 LAGM=0.3788 ¥ =====--m-m-——mmeemmecmeeo (4-3.2)

Equation 4.3.2 is the dypamic IS curve for the economy of
Taiwvan. If the values for LAGCON, LAGI, and LAGM are sup-
plied, the dynamic IS curve for each year can be obtained.
For example, to calculate the dynamic IS curve for 1971,
1970's 3ata are supplied for CON, I, and M. The dynamic IS

curves for the period of 1966-72 are listed as follows:

R=212. 869-0.3788 ¥ =====—c--mmm—mmem e e eeee e T4.3.3)
R=213. 525~0.3788 ¥ ==—me—me-emcccmmm e ee (4.3.4)
R=216. 495-0.3788 ¥ —===—===—=—mmm——mem e oo (4. 3. 5)
R=218. 032-0.3788 Y —-=—=——=—=—=——mm e e 14.3.6)
R=218. 082-0.3788 Y =—=-—~—m=m=m=e—mmm—mmo o emmee (4-.3.7)
R=221.543-0.3788 ¥ ===m==mm——mm e e (4. 3. 8)

R=224. 164-0.3788 Y ——=--=——-mm e (4.3.9)
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The 3ynamic LM curve can be derived by supplying the mean
value of the money supply (MS) for the money equation 4.B.7.
Employing this scheme and rearranging the equation, 4.B.7
can be shown as:
0. 1455 LOSR=-8.523+1.3868 LOGY+.019 LGLNMS =====- (4.3.10)
Dividing both sides by 0.1455, 4.3.10 can be written as:

LOGR=-58.5773459.5313 LOGY+0. 1306 LGLHNMS —-=—====== (4.3.11)

Equation 4.3.117 is the dynamic LM curve for the Taiwan
Model. The dynamic LM curve for each year can be obtained
by providing the value of the money supply for the previous
year. The dymamic LM curves for the period of 1966-72 are

listed as follous:

LOGR=~58.10749.5313 LOGY ======memcmecmccecccme—a—— (4.3.12)
LOGR=-58.06949.5313 LOGY =—-=-=====-mmemmeeame—aao (4.3.13)
LOGR=-58.067+#9.5313 LOGY ====m=m=m=meeece—memmmme (4.3.14)
LOGR=-58.06149.5313 LOGY ==-===m-==memmee——cm———eu {4.3.15)
LOGR=-58.05149.5313 LOGY ===—=—m-—-—=——m—m—mmemee (4-3.16)
LOGR=~58.037+9.5313 LOGY ==m==-m===m——ce—m—e e (4.3.17)
LOGR=-58.006+9.5313 LOGY ======--—===m—mom—cmeeee (4.3.18)

The 1ynamic IS~LB curves for the period of 1966-72 are
shown in Figure 4.2, which shows the IS curve moving right-
upwvard and LM curve moving left~upward through the time, in-
dicating that Taiwan experienced GNP grovth accompanied by
higher interest rates. But the magnitude of the shifts in

the IS curve is greater than that of the LM, showing that
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fiscal policy was a stronger deterainant of economic growth
than monetary policy during this period. This can be clear-
ly seen in Figure 4.2 in which a upward-moving path is de-

scribed by points A, B, C, D, E, P and G.21

8.4 LONG-RUN BQUILIBRIUM IN IS-LA

In the long run, an equilibrium will eveantually be
reached so long as the dynamic model is convergent. If con-
vergence is the case, once the eguilibrium is reached, it
will stay until there is nev momentum to cause it to shift
avay. Therefore, in the long-run eqguilibrium, the value cof a
variable in a certain year equals its value in the previous
year. The dynamic simultaneous model of Taivan in this study
is a converged case. The condition of the stability of a mo-
del will be discussed in greater detail in the next chapter.
To obtain a long-run IS curve for the Taiwan Model, several
steps need to be followed:

1. Let CON=LAGCON, I=LAGI, M=LAGM, and therefore obtain

a long-run investment and import function respective-
ly from equations 4.B.3 and 4.B.4.

2. Substitute the function of consumption (4.B.3), and

the long-run ipnvestment and import functions which

are obtained from 1 into the output demand identity

21 There is some mathematical restriction on these dynanmic
IS-1M curvese If Y is a large number then a negative K is
generated by the IS curve, but this negative R is not
compatible with the logarithmic LM curvea
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4.B.1) .
3. 3, X, and NFP are replaced with their mean values and
therefore the identity will be reduced to contain

only two variables, ie, R and Y, and a constant.

By following the above steps, the long-run IS curve is

obtained as:

B=133.609-0.21373 ¥ =====mmn e e (a4, 1y

Using the same scheme and letting LOGMS = LGLNMS and re-
placing MS with its mean value, the long-run LM curve can be

obtained as:

LOGR=-57.95149.5313 LOGY —~--====—--—----—co——co———o (4-4.2)

The long-run IS-LM curves are plotted in Figure 4.3, in
vhich the long-run equilibrium point occurs at 2Z vwhere
R=12.25%, and Y=568 NT$ billions. Conmpared with Figure 4.2,
Z is greater than A, B,... and E, but the gaps are decreas-

ing, reconfirming a dynamic path moving to higher R and GNP.

In previous sections the IS-LM analysis assumed that the
price level was exogenous., It 1is generally agreed that the
assunption of the exogeneity of the price 1level and the
short-run phase are {wo important sShortcoaings of static
IS-LM analysis. In this section a model with fewer restric-
tions is developed in order to explain the overwhelming phe-
nonenon of stagflation which Taivan experienced in the early

1970s.
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By using an approach different from that of other econo-

mists,2? Gordon [1978,p178), made several assumptions and
derived the so-called aggregated supply [AS) curve vwhich
depicts the relationship between real output and price lev-
el. His assumptions are listed as followus:

1. Firms are interested in the current price of their
output, because they can sell the worker's daily out-
put immediately; therefore, they can promptly visual-
ize the change in the price level and adjust their
optimal level of labor employment.

2. PWorkers are interested in the future expected price
level, because they are paid for two veeks or a month
of work. They do not immediately realize the change
in actual price. Labor supply (shift of the whole
curve) increases when actual price level rises above

expectations.

The Sordon's type AS curve is derived as shown in Figure
4.4. As can be seen in Graph {a) of Figure 4.4, VMP{p0O)23

and L{p0) represent labor demand ard labor supply curves re-

22 Meyer (1980), among others, derives the AS curve by
starting with the equation of profit-maximizing demand
for labor: WR=P*FN, wvhere W = nominal wage rate, P = price
level, FN= margirnal physical product of labor. Since FN
is a declining fuanction of output, the AS curve can
therefore be wvwritten as P= W/FN = H%*S(x), vhere W = a
given constant wage rate, S5S(x) = FN in terms of the de-
clining function of output.

23 In which VHP represents the value of the marginal physi-
cal product of labor and VMP{p0) the value of the margi-
nal physical product of labor at the price 1level of po0,
i.ee, VMNP ({p0) = MPP[L) ¥ pO.
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spectively at the price level of p0. The labor equilibrium
point falls at EO and labor is hired at LO when the price
level is at pO. When the price level increases from p0 to
ptl, the firms will promptly adjust their demand curve from
VMP(p0) to VMPIp!) because they can promptly recognize the
change in prices. Unlike the firms, the workers suffer from
a money illusion ani do not realize the change in prices inm-
mediately. If the workers are totally fooled, the labor sup-
ply curve wvill remain at L(p0), even though the actual price
level is at pl., If this is the case the labor equilibriusm

point oczcurs at E7, and labor is employed at L1.

Graph {b) in Figure 4.4 represents the graph of a produc-
tion function. Tracing LO and L1 from {a) to {b), YO0 and Y1
are found the GNP at the price 1level of p0 and p1 respec-
tively. Now the combinations of p0 and Y0, and pl1 and Y1 are
obtained from Graphs {a) and tb). These combinations are
graphed in Graph (c¢), anrd an AS curve is derived and indi-

cated by AS{0).

It is notable that if the vorkers are not conpletely
fooled, they will gradually realize the change 1in prices,
and thus, the labor supply curve L{p0) will shift left and
upward. If the vorkers realize the change in prices inmmedi-
ately and demand higher nominal wages, in the <classical
sense, expected prices will be equal to actual prices, and

L(p0) will thus shift up to L(p7) . As can be seen in Graph
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{a), a new equilibrium point will fall at EE, and the labor
employed will remain at LO. Accordingly, a classic vertical

AS curve will appear as shown as AS(1) in Graph (c)e

Having discussed the theoretical framevork of the AS
curve, the derivation of an AS curve for the Taiwvanese econ-

omy is described. The following steps are necessary:

1. A linear production function24 is obtained as:
Y = —-442.,702+147.0242 L+0.2245 LAGK#0.095 T =~~~ (4.5.1)
2. Replacing LAGWPI by its mean value, the wholesale
price equation 4.B.8 can be generalized as:
WPI = 0.2056+40.7455 P} ~—-—mrmeecmmmre e {(4.5.2)
3. Using Taylor's Theory, the GNP deflator equation
4,B.10 is linearly approximated as:
P = 0.1101+¢0.9161 MON+0.0797 WPI¢D.5688 CPI ~--(4.5.3)
4. Substituting the generalized WPI, i.e., 4.5.2, and
the CPI function 4.B.9 into 4.5.3, and making the
necessary calculations and rearrangements, we express
WPI as:

WPI = -0.235841.93769 P-1.96167 MON-0.20214 W

24 jA linear production function instead of a Cobb-Douglas
production function is used because it is more convenient
to darive AS-AD curves by using linear forms. All logar-
ithmic forms are linearly approximated by using Taylor's
Theory during the process of deriving the AS-AD curves.
However, a Cobb-Douglas type production function for the
Taivanese economy can be expressed as: LOGY=1.74515
+1.35501 LOGL +0.25783 LGLNK +0.21511 LOGT,

where LOGY = GNP in logarithmic fornm,
LOGL = labor employed in logarithmic fornm,
LGLNK = layged capital in logarithmic fornm,
LOGT Time in logarithmic form.
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=0212634 PN =—m—emmmee e e e T4.5.4)
Substituting 4.5.4 into the labor eguilibrium equation
4.B.6, and making the proper calculations and rearran-
gaments, vwe can express the labor equation as:
L = 3.2417+0.0035 Y-2,12985 W ¢0.1252 T +0.17497 P
-0.17774 MON=-0.0114 PM —==-———we——c——cec=—- {4.5.5)
The real wage rate (¥) in 4.5.5 being expressed as
NW /P, vhere KK = nominal wage rate, and P=price level,
4. 5.5 can be rewritten as:
L = 3.2417+0.,0035 Y-2.12985 (NR/P) +0.1252 T
+0.17497 P-0.,17714 MON-0.0174 PY -=--vm—==- 14.5.6)
The egquation 4.5.6 is linearly approximated as:
L = 0.134843.507 P +0.0035 Y-2.12958 NW+0.1252 T
~0.17714 MON-0.07114 PN ~=-me—m—mmm————c—————— (4.5.7)
Substitut;ng 4.5.7 into the production fuamaction 4.5.1
and replacing T, and LAGK by their mean values, ve
can simplify 4.5.1 as:
Y = 57.5944+515.613 P+0.51458 Y-313.139 NW-26.0438 MON
~“1.6761 PN ——-mm—mcemer e e e [4.5.8)
Rearranging 4.5.8 and dividing both sides by 515.613,
we can rewrite 4.5.8 as:
P = -0.19117+0.00094 Y+0.6073 NW+0.505 MON

4000325 PM ~====m=-emmm e e e (4-5.9)

10. Replacing N%¥, MON, and PM by their mean values,

we can generalize 4.5.9 as:

P = 0.3737140.00094 Y —————-m--—————-c-cmoee (4-5.10)

Equation 4.5.70 is the generalized AS curve.
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The aggregate demand curve (AD) is the locus of combina-
tions of points of the price 1level and real output in which
both the output market and the money market are at equili-
brium. The AD curve for the economy of Taiwan can be ob-
tained by the following three steps:
1. Substituting the static IS curve 4.2.2 into the money
market equilibrium equation 4.B.7, and replacing MS
by NMS/P, vhere NMS = nominal money supply, and P =
GNP deflator, we obtain the following eguation:
LOG [NMS/P)=-3.7064-0. 1445 LOS {226.954~-0.37882 Y)
+1.38677 LOGY+0.019 LGLNMS---=—==-(4.5.11)
2. Replacing RMS and lagged MS by their mean values
and rearranging the eguation, then an Al curve for
the Taiwanese economy is obtained as:
LOGP=8.5316+0. 1445 LOG (226.954-0.37882 Y)
-1.38677 LOGY =~=-=--—ecmrc v c—— - (4.5.12)
3. Using Taylor's Theory, we approximate eguation
ejuation as:

P = 3.364-0.00404 Y =—=————m-—mmcem oo (4.5-13)

The AS-AD curves {i.e., eguations 4.5.10 and 4.5.13 re-
spectively) for the economy of Taiwan are plotted ia Figure
4.5, in which the eguilibrium point occurs at point Q, where
P=0.9125, and Y=573 NT$ billions. The equilibrium GNP value
derived from the AS-AD analysis should be theoretically
identical to that from the 1IS-LM analysis. When Figure 4.5

is compared with Figure 4.1, it is found that the former has



52
an eqjuilibrium GNP value equal to 573 and the latter a value
of 568. The difference results from the generalization pro-
cesses applied to IS-LM and AS-AD analyses. This discrepan-
cy does not necessarily imply inconsistency between the re-

sults of the IS-LM and AS-AD analyses.

It is important to notice that equation 4.5.9 is an AS
curve in which the GNP deflator is expressed as a function
of GNP, nominal wage, money velocity, and irport price. A
sharp increase in any or a coambination of NW, MON, and MNP
will shift AS curve left-upward, and thus generate a stag-
flation. In the period of 1973-74, Taiwan experienced a
stagflation shocked by the sharp 1increase in import prices,
particularly by the petroleum price increase due to the OPEC
0il embargo. In this period, real GNP increased only 1.12%,

but the price level jumped as high as 37.u43%.

In this chapter the results of 2SLS and 3SLS of the Tai-
wan equilibrium model, and textbook type IS-LM and AS-AD
analyses have been presented, showing that the enmpirical re-
sults of the Taiwan model are compatible to current econonic
theories. In next chapter, forecast and simulation of this
model will be performed to further support the validation of

this model.
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Chapter Vv

FORECAST AND SINULATION

5.1 INTRODDCTION

For a single-eguation regression model the R2, F, and t
statistics can be used to evaluate the goodness of fit of
the egquation, and the Durbin-Watson statistic to test the
degree of autocorrelation. PFor a simultaneous model, this
same set of statistics can still be applied for testing the
goodness of fit of each single equation in the model. How-
ever, the goodness of fit of each individual equatiom does
not quarantee that the model as a whole is of a good fit. To
check the validation of a simultaneous model either a fore-
cast or a simulation, or both, should be performed. The
compact Taiwan model is a dynamic model. Traditionally it
is called a "forecast™ if the actual values of the lagged
endogenous variables are used in doing the simulation, and a

"simulation™ if the forecasted values are used.

The results of 35SLS method are used for forecastiag and
simulation because the 3SLS is more efficient than the 25LS
as discussed in Chapter IV. 1In section 2.3, Chapter II, the
Taiwan eguilibrium model was specified with 8 stochastic

equations and 2 identities. The increment in consumption

- 58 -



59
identity 2.3.3 can be directly introduced into the 3SLS es-
timated investment equation 4.A.2, and therefore the whole
model system is reduced to contain only B8 stochastic egua-
tions and 1 identity. Hovever, as discussed in section 2.6,
Chapter XX, the logarithmically transformed equations nust
be converted into linear approximations by Taylor's linear
approximation approach in order to» achieve better interac-

tions for forecasting and simulation.

Using these linear approximation procedures the CPI, P,
and monzy market equations listed in subsection 4.1%1.2, Chap-
ter IV can be approximated as:

CPI = -0.1348¢0.,8211 WPI+0.1672 P40. 1659 W —==—====(5.1.1)

P = 0.1358+0.00167 MKS-0.00038 Y+0.0995 RPI

+0.7154 CP] ~-m~eem-mwrrecceccc e crc e re————- {5-1.2)

MS = -32.178-0.8508 R+0.31703 Y+0.0205 LAGMS ------ (5. 1. 3)

Rewriting the product demand identity and the non-
logarithmic linear equations listed in section 4.1.2,
chapter IV, we obtain:

Y = CON+I+G#+X=M+RFP =mmememc e e e {5 1. 4)

CON = 25.086+0.1926 LAGY+#0.5912 LAGCON-===-———====== (5. 1.5)

I = 55.045+1.3266 [CON-LAGCON) - 2.0659 R

+0.0432 K+0. 4437 LAGI-===m=m==meo—m—mmm e m—em e {5-1.6)
B = -21.0785¢0.2307 ¥+0.3785 X+0. 126 LAGM -———-—=-- (5. 1.7)
L = 3.263+0.0035 Y-2.1116 W+0.1252 T+0.0903 WPI ---{5.1.8)

BRPI = 0.1504¢0.7455 PH+0.07 LAGHPI -=—=-==-===~=—-== {5.1.9)



60

The above 9 equations are eguivalent ¢to the original

10-eguation model and camn be vritten into the same matrix
form which appeared in chapter II:

WY =IA% )Y_+{ B* )X [C* ) X_# € =—mmmmmm=mm ————mm[2.7.1)

In this matrix form Y, CON, I, B, L, MS, P, WPI, and CPI
are treated as 9 enlogenous variables, and the intercept, G,
X, ", T, R, NFP, PM, and K as 9 exogenous variables. The ma-
trices A, B, and C for the reducel fornm Y=AY_ #BX #CX_,+v can
be obtained by using either Liew's ({1973) Dymult Program or
TSP package by supplying the matrices W, A%, B* , and C* .
Once the matrices of A, B, and C are obtained, then the
forecasted {or simulated) values for the endogenous varia-
bles can be derived by supplying the historical (or simulat-
ed) data of the lagged endogenous and the current exogenous
variables. This procedure is called a dynamic forecasting
(or simulation) in terms of eXxogenous variables.2S In this
study the process of this ex-post forecasting was executed
using the TSP (Time Series Processor) program, vhereas the

ex-post simulation was performed using a Pascal progran.

One method to test the performance of a model is to com-

pare the forecasted (or simulated) 2% endogenous values with

25 Por more details about the dynamic solution and forecast,
see Econopmetrics, a forthcoming book, by C.K. Liew, The
University of Oklahona.

26 yYe d> not distinguish forecast and simulation in the com-
ing general discussion of how to evaluate the performance

of a simultaneous model.
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their actual values. The smaller the difference between the
forecasted 2ad actual values, the better the goodness of fit
of the model. The measure most often used is called the RMS

{root-mean-square) simulation error, which is defined as:

res=L £ ( vi- v3)? cmme=(5.1.1)
T t=1
where Yf = forecasted vaiue of Y,
Ya = actual value of Y,

T = nurber of periods ia the forccast.

The majnitude of this error can be evaluated only by coam-

paring it with the averaje size of the variable in question.

Another measure of the deviatiorn of the forecasted varia-

ble f£ror its time path is the R¥S percent error, which is

defined as:

1T £ a
Y -y 2
RMS % error = [—= ( ) (5.1.2)
T t=1 Y:

Other measures are thke mean sirulation error, definnd as:

mean error =

bl e

T f a
%: (Y. - Yo ) (5.1.3)

1

and the mean percent error, definel as;

£ a
1T Y- ¥
mean % error = — = ( ) (5.1.4)
T t=1 y2
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The ameasures of nmean error and mean percent error share
the sane shovrtconinys as they mav be close to zero, but in
fact, large positive errors cancel out large negative er-
rors. Therefore, the metkods of mean absolute error and mcean
absolutz percent error are designed ¢to avoid the problemn of
mutually offsetting errors. It is generally agreed that RMS
is a better method to measure the goodness-of-fit of a mo-
del. 1Low RMS error is however only one desirable measure of
the degree of fit for a model. Another criterion is how well
the mod=l can forecast the turning points im a historical
path. 1 simple regression line may produce low RMS errors,
but fail to predict the turning points; therefore, this sinm-

ple regrecsion linerwousid not be an accurate model.27?

Because the measures of EMS error and mean error all kave
their own weakness, Theil ![1961,1966) introduced a more ef-
fective and conveniant statistic, called Theil's ineguality
coefficient, to measure the magnitude of ¢the RMS error.

Theil's inequality is defined as:

T
f a,2
— v~y
T %il( e " ¥
U = (5.1.5)
1 T 1 T
j—-z (YR [— = (v2y?
I t=1 T t=1

27 More details about the measures of siawulatiou errcors ani
their comparison, see Pindyck and Fubinfeld (1921,pp.
360-367).
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Note that the numerator of U is nothing but the RMS er-
ror, and because of the desigqn of the denominator, U will
always fall betveen 0 and 1. If YF = Ya . then 0=0, implying

there is a perfect fit. 0On the other hand, if U is close to

1, there is only a little fit or no fit at all.

5.2 THE RESULTS OF PORECAST AND SIHULATION

- — s s s e —— o iy o s S > s S o

By using the process discussed in the previous section,
the results of the forecasting and sinulation demonstrate
that the compact equilibrium model has a high degree of good
fit. The actual, forecasted, and simulated values for the
endogenous variables Y , CON, I, M, NS, L, WPI, CPI, and P
are listed in Table 5.1. The historical data are denoted as
Y, CON,ewe, the forecasted values as YHAT1, CONHAT1,..., and

the simuilated values as YHAT2, CONHAT2 ,ecawe

The correlation coefficients between the actual and fore-
casted values, and the actual and simulated values, as well
as the root mean squares fRMS), mean absolute error, mean
error, and Theil's inequality coefficient, are reported in
Table 5. 2. Every statistic for both the forecasted and si-
mulated shows that the Taivan equilibrium model as a whole
displays a good fit. The correlation coefficients of the ac-
tual and forecasted values for investment {I) and money sup-

ply (MS) are 0.9799 and 0.9873, respectively, and the coef-
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ficient of the actual and simulated values for investment is
around 0.9835. These values are the lowest among the corre-
lation coefficients, but still present strong evidence for a
high goodness of fit for this moilel. Their corresponding
Theil's coefficients are 0.0533, 0.0502, and 0.0487 respec-
tively, and are satisfactorily low. The RMS for the GNP(Y)
simulation is 36.69. Although it looks large, it is still
reasonably low when compared with its mean value of 540.76.
The Theil's coefficient for the GNP simulation is 0.0283,
showing the high satisfaction of this GNP simulation. The
actual, forecasted, and simulated values for each endogenous
variable are shown by the graphs in Pigures 5.1 to 5.9.
Senerally, simulation produces a larger deviation from tte
historical path than does the forecast. This is because the
former uses simulated values for the lagged endogenous vari-
ables and the latter uses actual values. The deviationms are
obviously accumulated 1in simulation, but not in the fore-
cast. Accordingly, it is no surprise that the RMS values in
the sirulation are higher than those in the forecast, and
that the Theil's coefficients in the simulation are also
larger than those 1in the forecast. The only exception to
this is that investment (I) and money supply (or demand)
'¥45) both perform better in the simulation than in the fore-

cast.

Generally, both the forecasting and simulation of the Ta-

ivan molel successfully reflect tke turning points for each
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endogendus variable. Once again, hovever, the forecast and
the simulation for I and MS remain the two exceptions. As
can be seen in Pigure 5.3 and 5.6, the historical paths of I
and MS are zigzag in their appearance, but the forecasted
and simulated I and MS curves are smoother and do not re-
flect the historical turning points so vell. It is also
vorthwhile to note here that the forecasted and simulated
values for prices generate very close results; correspond-
ingly, their statistics are siepilar., and their graphical re-
presentations are almost congruent thEough the entire per-

iod.

In this chapter the forecasting and the simulation of the
Taiwan equilibrium =model have been examined, showing that
the mod21l as a whole has a high degree of gcod fit aumd is
capable of predicting turning points. In next chapter the
multipliers and business cycle will be analyzed to find out
the impacts of exogenous variables on endogenhous variables

and the length of Taiwan's business cycle.



YEAR
1962
1963
1964
1965
1966
1967
19¢€8
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

1982

TABLE

Y
185.470
2)2.850
227.820
252.910
275.690
304.800
332.440
362.370
403.210
455.230
515.820
581.930
588.460
613.410
696.100
764.710
870.620
94 0.970
1003.07
1053.63

1093.20

5.1 RESULTS OF

YHAT1
192.813
2164435
233.854
246. 226
267.612
292. 338
326.680
36 1. 385
399. 344
450.998
515.600
569. 405
567.973
618.753
699.230
769. 281
858.532
910. 055
992.675
1050.25

1097.19

YHAT2
192.831
225.025
248.398
263.244
279.541
303.897
336:2u0”
374.761
419,722
474.899
544.699
609.705
610.014
639.053
737.430
820.257
926.333
987.174

1054406
1115.881

1177.287

PORECAST AND SINMULATION

CON
121,784
129.208
146, 157
159.520
169. 350
184. 026
199. 716
214. 337
230.559
249. 213
273.575
305. 247
318.516
340.651
364.061
388.948
422.803
465. 947
490. 706
508. 098

529. 058

CONHAT
129.000
139.119
146.874
159.292
171,331
181.930
197.252
213.247
229.240
248.826
2722351
297.179
315.702
333.420
362.094
389.514
421.515
451.569
493.130
518.996

538.451

CONHAT2
129.000
145.636
159.029
170.176
179.925
190.405
202.862
217.679
235.137
256.133
282.044
309.944
326.573
342.089
370.299
403.016
442.887
478.293
512.316
5u4.408

575. 341
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Table

YEAR L

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
a1

82

3.541
3.592
3.658
3.763
3.856
4.050
4.225
4.39)
4.576
4.733
4.943
5.327
5.u486
5.521
5.669
5.980
6.228
6. 424
6.547
6.672

5.1 RESULTS

LHATY
3.476
3.629
3.720
3.799
3.916
4.054
4.226
8.427
4.576
4.686
4.943
5.235
5377
5.471
5.706
5.980
6.230
6.384
6.634
6.712

6.769

LHAT2
3.476
3.636
3.742
3.824
3.920
4.052
4.212
4.418
4.582
4.692
4.951
5.260
5.385
5.404
5.698
5.983
6.271
6.425
6.603
6.673
6.762

67

OF FORECAST AND SIMULATION (continued)

MS
19.58
24.19
31.34
36. 64
39.93
49.76
51.99
56.43
62.69
79.44

100.75
131.81
105.95
138.57
164,10
206. 39
269.93
261. 24
276.37
280.82
312.70

MSHAT
-2.734
9.503
16. 268
20.119
27.813
38. 156
50.802
63.273
77271
95. 305
118.228
135. 436
138.802
155.663
183.686
208. 160
237.870
253.960
280.574
300. 895
318.675

MSHAT2
-2.734
9.911
18.266
22.467
28.176
38.041
49.577
62.721
78. 245
96.478
119.567
138.398
140. 157
150.889
183.739
209.558
242,196
257.620
278.400
298.285
319.220

P PHAT?
-413 407
-428 .432
- U446 U437
~Ul2 456
~ 445 473
<475 494
«507 .520
-540 .530
«559 <557
«576 598
«609 .633
«700 .712
«962 .931
«947 .941
1.000 .979
1.062 1.046
1.112 i.137
1.238 1.271
1.436 1.466
1.608 1.590
1.669 1.623

PHAT2
0. 407
0.432
0. 437
0. 456
0.474
0.495
0.520
0.530
0. 558
0.600
0.635
0.715
0.931
0.936
0.978
1.045
1. 139
1.274
1.467
1.588

1. 624



Table 5.1
YEAR I
1962 29.802
1963 35.038
1964 39.260
1965 50.667
1966 53.122
1967 69.854
1968 81.023
1969 87.873
1970 105.608
1971 123.641
1972 137.340
1973 163.697
1974 216.438
1975 188.939
1976 216.231
1977 222.804
1978 251.046
1979 308.217
1980 325.743
1981 320.586

1982

293.728

IRAT
34.669
48.049
54.333
50.664
57.245
66.953
81.076
92.162
104,100
123.288
146.460
156.557
163.477
201.997
208.828
236.278
256.464
267.895
301.970
324.621

340.728

IHAT2
38.669
48.u82
55.418
55. 186
56.511
65.668
78.200
92.618
109.592
128.673
152.367
168.912
173.977
183.996
215.613
245.641
276.273
287.880
302.031
319. 159

3430.864

|
33.329
36.806
43.776
53. 958
55.657
71.518
91.676
108.470
132.553
160. 249
194,103
240. 849
272. 170
253.980
316.254
335.240
382.378
450. 042
482.515
488.302

472.662

MHATA1
36.296
44.345
51.595
58.504
67.767
76.776
92.652
110.097
130.831
160.723
198.909
234.528
232.841
249.941
298.772
339.248
392.627
419.671
464.215
498.542

516. 299
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RESULTS OF PORECAST AND SIMULATION (continued)

MHAT2
36. 296
45.347
54.335
61.735
69.200
784571
92.822
109.875
131.€24
161.228
199,753
237.112
233.259
241,065
297.004
337.552
396.018
424.463
459.472
593.714
517.115



Table 5.1
YEAR WPI
1962 .498000
1963 .530000
1964 .543000
1965 .518000
1966 .525000
1967 .538000
1968 .554000
1969 .553000
1970 .568000
1971 .568000
1972 .594000
1973 .729000
1974 1.02500
1975 .973000
1976 1.00000
1977 1.02800
1978 1.06400
1979 1.21100
1980 1.47200
1981 1.58400

1982

1. 57400
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RESULTS OF PORECAST AND SIMULATION (continued)

WPIHATI
.5114584
« 522971
«514774
- 529848
«537790
«547226
-562300
-5596°3
- 573042
«594220
-610621
. 698174
«970039
« 952739
«964009
1.02032
1.09507
T-2U621
1.46301
1.58266

1.58901

WPIHAT2
0.512
0.524
0.514
0.528
0.539
0.548
0.563
0.560
0.574
0.595
0.613
0.700
0.968
0. 949
0.962
1.018
1.098
1.249
1.4€6
1.582
1.589

Cpl

- 435000
-445000
- 444000
-443000
-452000
- 468000
«504000
-630000
-543000
-564000
-.581000
.629000
«927000
«376000
1. 00000
1.07000
1. 13200
1. 24300
1.47900
1. 72000
1.78900

CPIHAT?
- 413243
«431323
-432829
- 455665
~U47160%4
-488780
-511384
«514413
«538700
-578588
-605831
«692975
-953248
«957027
« 9386379
1.05188
1.14724
1.30347
1.52886
1.66839

1.69758

CPIHAT2
0a413
0ed432
0.433

0. 454

0.579
0.607
0.695
0.951
0.953
0.985
1.050
1.147
1.306
1.531
1.668

1.698



Y =
CON:z
I =
M 2
L

5.2 STATISTICS FOR FORECAST AND SIMULATION

correlation coefficient
RMS

@2ean absolute error
mean error

Theil's coefficient

correlation coefficient
RMS

mean absolute error
mean error

Theil®'s coefficient

correlation coefficient
RMS

mean absoclute error
mean error

Theil's coefficient

correlation coefficient
RMS

mean absolute error
mean error

Thell's coefficient

correlation coefficient
RMS
mean absolute error

mean error

Forecast
0.9995
10.8640
8. 3840
4. 1940

0.0087

0-.9990
5.8590
4. 1740
0.0689
0.0091

0.9799
19.8300
12.8500

0. 1358

0.0533

0.9946
16.4000
11.1300

0.0622

0.0300

0.9989
0.0515
0.0409

0.0024

Simulation
0.9996
36.6900
29.4200
-29.3400

0.0283

0.9981
16.4800
12.4300

-12.4300

0.0250

0.9835
18.2900
12.9600

- 3.3800

0.0487

0.9944
16.8600
11.9000
-0.0510

0.0309

0.9988
0.0538
0.0421

0.0016
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WPI:

Theilt's coefficient

correlation coefficient
RMS

mean absoliute error
mean error

Theil*s coefficient

correlation coefficient
RHMS

mean absolute error
mean €rror

Theil?s coefficient

correlation coefficient
RMS

mean absolute error
mean error

Theil*s coefficient

correlation coefficient
RMS

mean absolute error
mean error

Theil's coefficient

0. 0050

0.9873
16.3700
13.9580
-1.2880

0.0502

0.9987
0.02176
0-.0186
-0.0029

0.0119

0.9980
0.0229
0.0186
-0.0000
0.0125

0.9968
0.0352
0.0277
-0.0023

0.0189

0.0052

0.9884
15.7100
13.3700
-1.8290

0.0482

0.9986
0.0224
0.0195
-0.0032

0.0123

0.9979
0-0236
0.0192
0.0000
0.0129

0.9967
0.0360
0.0284
-0.0023
0.0193
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Chapter VI

THE MOULTIPLIER ANALYSIS AND BUSINESS CYCLE

Basedl on the theoretical framework discussed in section
2.7 the dynamic multipliers and their characteristics relat-
ing to the business cycle are anaiyzed in this chapter.
Liew's (1973) Dymult Program produces the matrices A, B, and
C, for the reduced form 2.7.3. Because A is not a symmetri-
cal matrix, the Taiwan model cannot be a uniform case. The
stability condition discussed 1in Chapter II is verified by
the Dymult Program. This Program does not run the multipli-

ers for models with divergence.

6.1 BOISINESS CYCLE

—— e Am e e e ——

The total and interim multipliers for each exogenous va-
riable which are generated by the Dymult Program show that
the Taiwan model 1is a case of converged osciliation. The
interim multipliers of government consumption ([G}, exports
(X), 1interest rate (R), and import price index (PM) are
shown in Tables 6.1 through 6.l. The total multipliers of
G, X, W [wage rate), T (time trend), R, PM, and K are shown
in Table 6.5. Not all of the interim and total multipliers
are shown, because these omitted multipliers are not as

relevant to policy implications and do not need to be dis-
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cussed in detail. The interim multipliers of the intercept,
NF2, and K follov the same pattern as those of G and X. They
are positive in the first several periods, negative in the
following 8 or 9 periods, then positive again for another 8
or 9 periods, and negative for the next 8 or 9 periods. Only
the nultipliers of the interest rate appear negative ini-
tially. After about the first five periods they become posi-
tive and remain positive for the following B8 periods, and
then they turn into negative for the next 8 periods. Howev-
er, all the multipliers demonstrate that the Taivanese econ-

omy has a business cycle of about 16 years.

The interim multipliers of G and X are shown in Figures
6.1 and 6.2, 1in which it is easy to find out that the busi-
ness cycle covers about 16 Yyears. One interesting point to
be notel here is that the expansion of G has imnitially a
significant impact on ¢the GNP after which the effect is
spread to the other variables. Referring to Figure 6.1, it
is shown the curve of the multipliers of G on Y leads first,

followed by the curves of G on M, MS, I, CON, L, and P.

6.2 MOLTIPLIER ANALYSIS

One 5f the purposes of dynamic multiplier analysis is to
determine the presence of a business cycle. This has been
discussed in the previous sectioun. This section will dis-

cuss another equally important purpose of multiplier analy-
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sis. This is to find out the impact of an exogenous variable

on the endogenous variables.

As mentioned in the previous section the interim multi-
pliers 2f£ G and X follow a cyclical pattern of positive im-
pacts for the first several years, followed by negative im-
pacts for the subsequent years. The absolute values of the
multipliers decline continuously throughout the pattern and
finally disappear. Because of the cyclical nature of the
interim multipliers of this model, the total multipliers be-
come more important for detecting the overall impacts of the

exogenous variables.

As can be seen from Table 6.5, the total multiplier of G
on Y is 1.261, implyimg that fiscal expaansion is a feasible
policy for economic growth in Taiwan. The total multiplier
of G on MS is 0.u4082, showing that the expansion in G causes
both money demand and money supply to increase. The total
nultipliers of G and X on consumption are 0.5943 and 0.3369
respectively, showing that both the government spending and

exports have significant positive impacts on consumption.

The impacts of exports on economic growth have long been
the subject of intense research and heated debates. The to-
tal multiplier of X on GNP is 1.1512, indicating that ex-
ports are an important corntributor to the economic growth of
Taiwan. This finding confirms the results by Haberler

11959) , Michaely (1977), Balassa (1977), and Tyler (1981),
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among others, though their studies are based on data from a
large number of LDCs.2¢ The total multiplier of X on labor
enployel is 0.0025, an impressively small number. We must
not be fooled by this small number and form the coanclusion
that exports do not help labor employment very much in Tai-
van. We must remember that X is measured in billions of New
Taiwan dollars and L is measured in millions of laborers.
This small multiplier is distorted downward by this large
difference in units., Indeed, it should be concluded that ex-
ports raise the level of 1labor employment. This conclusion
is consistent with a later finding in Chapter VIII, in which
exports will be directly related to the unemployment rate.
The finding of tke favorable impacts of exports on both GNP
and employment confirms the results by Kuo, Ranis, and Fei
(1681), although they applied the approach of market expan-
sion analysis29? on the Taiwanese economy. This finding also
confirms the results by Mohamrzad (71981), although his study
was based on data from a great number of LDCs and Taiwan was

not included.

28 Remenxber, as indicated in footnote 6 that the studies by
Michaely, Balassa, and Tyler did include Taiwan.

29 This approach asserts that employment expansion is depen-
dent on the market expansion wvhich can be divided 1nto
domestic expansion, export expansion, 1import substitu-
tion, and the change 1in input-output coefficients. The
basic concept can be expressed nmathematically as:

L=12z21Y,
AL = z (aY) + (azZ) Y,
where L = labor, Y = GNP, z = L/Y = labor coefficient.
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The total multiplier of X on imports (M) is 0.6218, indi-
cating that exports pull imports up. This result reflects
the highly trade-oriented Taivanese economy. Taiwan exports
cause the money supply to expand eventually. This is evi-
denced by the fact that the total multiplier of X oa M5 is
0. 2315. This finding features the effects of Taiwan's for-
eign-exchange control system in which the proceeds from ex-
ports must be sold to the Central Bank of China, and nmust
not be usedl or transmitted to the other countries without

pernission from the government.

The total multipliers of G and X390 on the GNP deflator
(P} are 0.00023 and 0.00013 respectively, indicating that

the expansion in G and X causes a demand-pull inflation.

The total npultipliers of K on Y, CON, I, M, and HS are
0. 0978, 0.0461, 0.0776, 0.0258, and 0.0317 respectively,
suggesting that the 1increases in capital stock have expan-
sionary effects on GNP, consumption, investment, imports,
and monz2y supply ({demand). The total multiplier of K on la-
bor demand is 0.0003,3! indicatirg that capital stock and
labor are observed complementary goods rather than substitu-

tion goods through the study period.

30 Both multipliers are biased downward due to the big devi-
ation between their units in measure.

31 Yt is distorted downward due to the unit of K in terms of
billion whkile L in terms of million.
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Monetary policy is another one of the most important po-
licy instruments in Taiwan. In the Taiwan model an equili-
brium ejuation for the money market is specified. Moreover,
the money supply(or demand) is treated as an endogenous va-
riable and the interest rate {R) as an exogenous variable.
This arrangement corresponds particularly well to the fea-
tures of the Taiwanese economy in the period of 1961-82.
During this time the money supply was influenced by exports,
and the interest rate was controlled by the Central Bank of
China. As can be seen from Table 6.5, the total multipli-
ers3?2 of R on ¥, CON, I, N4,L, M5, P, and CPI are all nega-
tive, 1indicating that the increases in interest rate curb
the expansion of GNP, consumption, investment, imports, 1la-
bor employment, and money demand. In contrast, however, the

increases in the interest rate help to control inflation.

The total multipliers of import price (PM) on the GNP
deflator, WPl, and CPI are 0.625, 0.802, and 0.763, respec-
tively, indicating that the prices in Taiwan are signifi-
cantly influenced by the price changes in the trade partner

countries.

32 Ncte that both imnterim and total multipliers of R are bi-
ased upward in absolute value because R is relatively
smaller than other variables.
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Note: The above multipliers

Y
127.78
15.276

2.711
-3.280
-5.005
-4.571
-3.368
-2.128
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-.0023
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Table 6.1

COR I
24,61 32.65
17.49 5.02
10. 87 -6.55
5. 80 -9.64
2,46 -8.69
0. 58 -6.36
-0.308 -3.99
-0.592 -2.14
-0.572 -0.924
-0.435 -0.228
-0.282 .1018
-0.158 -2106
-0.072 <2065
-0.022 - 1584
- 0032 .1034
-0125 -0582
-0134 «0270
-0107 .0084
.0072 -.0009
-0042 -,0044
-.0021 =-.0048
«0007 -.0039
-0000 =-.0027

MULTIPLIERS OF G

M
29.48
7. 24
1.55
-0.56
-1.225
-1.209
-0.929
-0.608
-0.343
-0.159
-= 0502
.0048
- 0257
-0282
-0229
- 0156
- 0092
- 0045
-0017
- 0001
-. 0005
-. 00086
-.0006

L MS
-4472 40.51
« 0535 5«67
- 0097 -9949

-.0118 -=1.020
-« 0175 -1.608
-.0160 -1.482
-.0118 -1.098
-.0074 -0.697
-. 0040 -0.380
-.0018 -.1674
-- 0005 -.0448
« 0002 «0143
. 0004 - 0347
- 0004 - 0351
. 0003 - 0273
-0002 «0180
- 0001 -0103
- 0001 - 0049
- 0000 - 0016
-. 0000 -.0001
-.0000 -.0007
-. 0000 -.0008
--.0000 =-.0007

P
«02169
-00417
~00069

-.00052
--.00089
--.00084
-.00063
-.00040
--.00022
-«00010
--00003
- 00000
. 00000
-00000
.00000
-00000
-06000
-00000
-00000
«00000
--.00000
-.00000
--.00000

have been multiplied by 100
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Table 6.2 dultipliers of Exports

Y CON I ] L MS
79. 42 15. 30 20.29 56. 17 -2780 25.18
3.40 9.70 1.56 7.86 -0119 1.59
0. 23 5.78 -4.508 1. 04 . 0008 -1043
-2.359 2.96 =-5.733 -.4129 -_.0083 =-.7459
-2.995 117 -4.911 -~_.7429 -.0105 -.9647
-2.588 0.195 -3.473 -.6906 -.0091 -.8402
-1.843 -0.239 -2.116 -.5123 -.0065 -.6016
-1.131 -0.359 -1.097 =-.3254 -.0040 =-.3708
-0.5917 -0.326 -0.442 -.1773 -.0021 -_1950
-0.242 -0.240 -0.0817 -.0720 -.0008 -.0808
-.0481 -.1509 .0818 -,0210 -.0002 -.0169
-.0403 -.0814 -1284 - 0066 - 0001 « 0124
-.0665 -.0353 «1180 - 0162 -0003 - 0213
- 0620 -.0089 -0873 -0163 - 0002 - 0201
- 0U62 - 0036 -0554 «0173 « 0002 - 0151
-« 0295 -.0078 0301 - 0084 - 0001 -« 0097
0162 - 0077 «-0132 - 0048 - 0001 . 0053
-« 0072 - 0060 -.0035 -0023 - 0000 - 0024
- 0020 .0039 -.0012 .0007 - 0000 - 0007
-. 0005 0022 -.0028 -.0000 -.0000 -.0002
- 0014 -0010 -.0029 -.0003 -.0000 -.0005
-.0015 .0003 -.0022 -.0004 -.0000 =-.0005
-.0311 -.0000 -.0014 -_.0003 -.0000 -.0004

-.0008 =-.0002 -.0008 =-.0002 ~.0000 =-.0003
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P
-01348
-00156
-.00010

-.00040
-- 00054
-. 00048
-.00035
-.00022
--00016
-. 00005
-.00001
-00001
- 00001
« 00001
- 00001
- 00001
«000030
-00000
« 00000
-.00000
-- 00000
-. 00000
-. 00000

--. 00000

Note: The above multipliers have been multiplied by 100.
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Y
-2.6398
-1.4853
-0.7154
-0.2492
-0.0370

.09132
- 11005
-09273
- 06491
-03917
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- 00789
«00125
~-.00168
-.00248
-.00224
-.00164
-.00103
-. 00255
-. 00024
--.00006
-00003
- 00305
- 00005

-00004

Table 6.3 Multipliers of Interest Rate

CON
-.50842
-.58665
-. 48461
-=33450
~= 19911
--.10012
-~ 03800
-.00460

-00978
-01333
-01174
- 00846
. 00524
-00278
-001176
- 00026
-.00016
-.00029
-.00028
-.00021
-.00014
--.00008
-.00003
--00001

-00000

I M L MS
-2.7404 -.6090 -.00924 -1.6877
=1.3180 -.4794 -.00520 -.50548
-0.4487 22179 -.00250 =-.23716

.00033 -.0849 -.00087 -.08387
- 17976 -.0123 -.00002 -.00395
.21096 .0185 .00032 .02887
- 17589 .0278 .00039 .03548
- 12224 .0249 .00032 .03013
.03246 .0181 400023 .02120
-03716 .0113 00074 .01285
-01436 .0061 .00007 .00662
-00201 .0026 .00003 .00264
-.00338 .0006 400000 00045
--00477 -.0003 -.00004 -.00052
-.00425 -. 0006 -.00003 -.00080
--00309 -.0006 -.00001 -.00073
--00192 -.0005 -.00000 -.00053
-.00103 ~.0003 -.00000 -.00034
-.00044 -.0002 -.00000 -.00018
--.000%0 -.0001 -.00000 -.00008
-00005 -.0000 -.00000 -.00002
.00010 .000% .00000 .00001
-.00010 .0001 .00000 00017
-.00008 .0001 .00000 400017

-00005 .0000 .00000 00013
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P
--.00206
- 00032
-.00014
-.00005
-.00000

.00002
- 00002
.00002
-00001
«00001
.00000
-00000
- 00000
- 00000
--00000
-« 00000
-.00000
- 00000
-. 00000
-.00000
-.00000
- 00000
- 00000
-00000

.00000
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P
0.58167160
0.0u4071701
0.00285019
0.000138951
0.00001397
0.00000098
0.00000007
0.00000000
0.00000000
0.00000000

0.00000000

WPI
0.74550003
005218500
0.00365295
0.00025571
0.00001790
0.00000125
0.00000009
0.00000001
0.G0000000
0.00000000
0.00000000

Table 6.4 Multipliers of PM

cpI
0.70938545
0.04965694
0.00347599
0-.00024332
0-.00001703
0.00000119
0.00000008
0.00000001
0-.00000000
0-00000000

0.00000000
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1S

WPI

CP1

Inter
232.488
170.895

98.842

37.250

4.091
42.397
0.154
0.161

0.024

G
1,261
0.5943
0.0
0.3329
0.0044
0.4082
0.0002
0.0

0.00004

Table 6.5 Total Multipliers

X
1.1512
0.3369
0.0
0.6218
0.0025
0.2315
0.0001
0.0

0.00002

W

C.0

000

-2.11

0.135

0.183

T

0.0

0.0

0.0

0.0

0.125

0.0

0.0

0.0

R
~4.679
~2.205
-3.710
-1.235
-0.016
~2.383
-0.0025

0.0

-0.0004

NFP
1.2613
0.5943
0.0
0.3329
0.0044
0.4082
0.0002
0.0

0.00004

PH

0.9

0.072

0.625
0.802

0.773

K
0.0978
0.0461
0.0776
0.0258
0.0003
0.0317
0.00002
0.0

0.0
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Figure 6.1 Multipliers of Government Consumption
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Note: True multipliers = vertical scale / 100,

Figure 6.2 Multipliers of Exports



Chapter VII

POLICY EXPERIMEBTS OF THE TAIWAN EQUILIBRIUNM
MODEL

7.1 INTRODUOCTION

Polizy experiments enable policy makers to discover which
policy , or which policy mixture, is optimal for solving
economiz problems. In the Taiwan model, the variables are
agyregated into 9 endogenous variables, i.e., Y, CON, I, N,
L, Ms, P, WPI, CPI and 9 exogemous variables, i.e., inter-
cept, G, X, R, ¥, T, NFP, PM, and K. For a government, fis-
cal and monetary policies are the two most important policy
instruments. In this study, G represents the fiscal policy,
and R, the monetary policy. However, it is not necessary to
restrict that the movement of R is totally influenced by the
change in money supply, because the Government of Taiwan has
brought interest rates under control in the past several de-
cades. R could be changed instantly by an order from the go-
vernment. R could also be changed slowly through market me-

chanism by allowing the money supply to ckange.

In this chapter some policy experiments will be per-
formed, based on the folloviny cases. The time horizon for
these experiments has been set up for an 8 year period, fronm

1983 to 1990.

- 94 -
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1« All exogenous variables, except KFP, grov as a
trend.33
2. The same as in 1, but assume further that exports

drop 20% in both 1985 and 1986. This would be due to

the fact that there is a world-wide

recession in 1985

and 1986, and there is no policy exercised to rescue

the country from recession. From 1987 on, the exports

are hypothesized to grow at 5%, roughly the same as

the trend growth rate.

3. The same as ian 2, but the government exercises fis-

cal policy as a remedial measure by increasing go-

vernnent spending 20%, starting in 1984 and extending

through 1987. After 1983 government spending is as-

sumed to be maintained at a growtkh rate of S%.

4. The same as in 2, but the government uses only mone-

tary policy by decreasing interest rates 20%, during

the period 1984-1987. After 1988 interest rates are

hypothesized to be maintained constant.

S5« The same as in 2, but the government uses both the

msonetary and the fiscal policies described in 3 and

u.

33 The historical data of NFP do not show
peared, rather they show a relatively
most years when compared with the other
GNP. Their mean value is therefore used

that a trend ap-
small figure for
components of the
for these experi-

ments. The equations of the time trend for other exoge-

nous variables, the corresponding R2

and their fore-

casted trend values are listed in Appendix B.
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6. The same as in 5, but assume the government exercises
both fiscal and monetary policies in 1986 which is
one year after the world-wide recession has begun.
This delay is due to the so-called "recognition" and

"legislation lags".

The Pascal program which was used for the simulation in
Chapter V was revised and used for these policy experiments.
All endogenous variables were simulated, but only the simu-
lated GRP, NS, L, and GNP Deflator {P) are discussed in this
chapter, because they represent respectively the key varia-

ble for each market and for price systen.

7.2  RESDLTS

The results of simulated GNP, HS, L, and GNP Deflator are
shown from Table 7.1 to 7.4 respectively, in which corres-
ponding indices are used to match the order of the cases.
For exaaple, Y1 and P?1 represent the simulated GNP and GNP
Deflator for the first case. The simulated GNP, 4S, L, and P
are also> drawn from Figure 7.1 to Figure 7.4, in which the
attached numbers, e.qg., %, 2, 3,..., Trepresent each corres-

ponding case number.

As can be seen from Tables 7.1 to 7.3 and Figures 7.1 to
7.3, the pattern of simulated MS and L for each case is si-
milar to that of Y. The policy results of Y and P for each

case are reported together in detail below. Some important
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impacts of policy experiments on MBS and L are also dis-

cussed, but not case by case.

Case one is simulated under the hypothesis that the ex-
ogenous variables, except NFP, grow as a trend. As can be
seen from the columns denoted Y1 and Pt in Tables 7.1 and
7.4, respectively, it 1is found that Y1 and P1 are higher
throughout the entire period except for 1984, vhen earlier
policy actions are taken to counter the coming recession in
1985. The GNP grows at am average rate of about B% per year

but with a declining trend.

Case tvo is sinulated under the assumption that exports
grov as a trend in the first 2 years, but drop 20% in both
1285 and 1986 due to a world-wide recession. It is found
that the GNP !Y2) starts to decline in 1985, the beginning
year of the recession, 1if no policy is exercised to counter
the effects. That Y2 maintains the lowest among these six
experinmants indicates that the government should do some-
thing eventually if a higher GNP is desired. However, P2 re-
mains the lowest of the six experiments, indicating that
higher prices are generated by policy actions. Higher out-
puts, and hence higher employed levels, are accompanied by
higher prices. This finding suggests that the principles of
the Okunf®s law (1962, 1972) and the Phillip's curve (1958)
hold in the economy of Taiwan. This assertion will be furth-
er proven by the following experiments and the results found

in the next chapter.
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In case three, it is assumed that the goverament antici-
pates a world-wide recession coming in 1985, and therefore
starts to take the action by increasingy government spending
by 20% in 1984. It is found that this measure is very ef-
fective as can be shown in Figure 7.1, where fiscal action

raises the GNP from Y2 to Y3.

When Y3 and Y4 in Figure 7.1 are compared { Y4 represents
the GNP path when monetary policy is applied), fiscal policy
is found to be more effective than monetary policy. Hovever,
fiscal policy causes higher inflation than monetary policy

as can be seen in Figure 7.4 where P3 is higher than Pi.

If the government takes both monetary and fiscal policies
to counter the recession (a combination of cases 3 and 4),
the resulting effect is also a combination of both. This
combination is shown by Y5 in Figure 7.7. As can be seen
from Figure 7.1, the height of Y5 1is the height of Y3 plus
the distance between Y2 and Y4. The same conclusion is ap-
plied to> P, as shown in Pigure 7.4 where the height of P5 is

the height of P3 plus the distance betwveen P2 and P4.

When Y5 (both fiscal and monetary policies are applied in
1984) and Y6 (both fiscal and monetary policies are applied
in 1986) in Figure 7.1 are compared, Y5 is found to be high-
er than Y6 before 1989. This inmplies that an early action is
preferable to a late ac*tion. Y& exceeds Y5 after 1989, be-

cause government spending is assumed to be maintained om its



99
trend before 1986. Therefore G is increased oz a bigyger base
in 1986 but on a smaller base in 1984. This bigger base gen-
erates a bigger economic momentum and eventually causes Y6
to exceed Y5.3% The result that Y6 exceeds Y5 after 1989
does not have any conflict with the previous conclusion that

an early action is better than a late one.

As can be seen in Figure 7.2, the money supply (or de-
mand) decreases while exports decline, confirming that NS is
highly influenced by exports under the foreign-exchange con-
trol system. It is also found that policy actions dgenerate
higher MS as can be shown by MS3, MS4, MS5, and MS6 which

are all higher than MS2 for which no action is taken.

As can been seen in Figure 7.3, during the recession per-
iod labor demand decreases. This implies exports are an in-
portant factor in the determination of employment levels.
This finding confirms the results in Chapter VI and Chapter

VIII.

Also interesting to note 1is that the GNP deflator (P)
does not decrease as the GNP, MS, and L do in the recession
period. However, the increasing rate of P is declining dur-
ing the recession. The reason that P continues to increase

in 1984 and 1985 is that the effect of import price (PM) on

38 The interest rates (R) are decreased on a smaller base in
1986 than tkat in 1984. But as mentioned previously, the
effect of R is minor on Y and other erndogenous varialtle,
and the effect of R can thus be ignored here.
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P dominates that of X and Y, as can be evidenced imn Table
6.5 in which the total multiplier of PM on P is much bigger

than the rmultipliers of the other variables on P.3S

7.3 CONCLUSION

—— — c— t— o ——

The share of exports in GNP was 45% and 54% in 1960 and
1982 respectively. The fiqures >f the export-share show
their inmportance to the economy of Taiwan. FPurthernmore,
these experiments show that a 20% decrease in exports in
both 1985 and 1986 could have been a disaster to the Taiwa-
nese econonry 1if proper policies had not been applied. A
matching 20% adjustment in both monetary and fiscal policies
executed one year earlier would not have been effective
enough to bring the growth of GNP back on a sound track, im-
plying either that policies should have been taken much ear-

lier or that matching percentages should have been higher.

It was further found that policy actions generate higher
prices and that a more effective pslicy also generates high-

er inflation. Given a certain GNP growth rate and/or infla-

35 The reason can also be investigated by studying the P
equation in reduced form (from Liew®s (1973) Dymult Pro-
grap applied to the forecast aand multiplier analysis in
Chapter Vv and VI, respectively ) which is stated as fol-
lows: P= 0.00007 LAGCON ¢ 0.0071 LAGI - 0.00003 LAGH +
0.00)04 LAGMS + 0.055 LAGWPI + 0.1333+ 0.00022 G +
0.000135 X + 0.1348 W - 0.03205 R + 0.00022 NFP +0.58167
PM +0.00007 K. Note that G, W ,PM, and K are assumed to
continue growing as a trend in the recession period and
the coefficient for PM is larger than those for the other
variables.
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tion rate, an optimal policy or policy zmixture can be found
if more experiments are performed.3¢ In next chapter, a di-
sequilibrium model of Taiwvan will be expanded from the pre-
vious ejuilibrium model for obtaining additional information

about the Taiwanese economy for the purpose of comparison.

36 More efficient approaches to solve the optimal control
problem were developed by Klein and Su (1980) and Chow
11975) -
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Table 7.1 Simulated GNP by POLICY EXPERIMENTS

YEAR Y1 Y2 Y3 Y4 Y5 Y6

82 1093.20 1093.20 1093.20 1093.20 1093.20 1093.20
83 1187.87 1187.87 1187.87 1187.87 1187.87 1187.87
84 1365.48 1365.48 1394.89 1367.93 1397.33 1365.48
85 1474.77 1310.58 1381.84 1316.27 1387.53 1310.58
86 1571.40 1243.31 1368.28 1252.05 1377.00 1278.85
87 1661. 19 1284.88 1476.27 1296.01 1487.40 1370.78
88 1747.59 1350.36 1554.58 1361.49 1565.70 1439.91
89 1832.44 1430.56 1637.73 1440.34 1647.51 1657.70

90 1916. 40 1519.77 1725.91 1527.60 1733.75 1761.49

Table 7.2 Simulated MS by Policy Experiments

Year MS1 Ms2 MS3 M54 MS5 MS6

83 347,18 3u47.18 347.18 347.18 347.18 347.18
34 375.8% 375.41 384.73 376.34 386.29 375.41
85 408.53 356.50 378.93 359.66 382.10 356.50
86 437.93 338.77 377.98 343.30 382.51 350.72
87 465.27 355.68 415.61 361.22 421.15 383.90
€8 491.65 376.79 440.37 381.97 445.55 425.24
B9 517.6%5 &§02.00 466.36 406.41 470.77 474.88
90 S543.51 429.89 493.89 433.38 497.38 506.61



Year
83
84
85
B6
87
88
89
90

Year
82
83
84
&5
86
87
88
89

90

Table 7.3 Simulated

b
7.0086
7.1798
7.3993
7.5582
7.6751
7.7607
7.8195
7.8518

Table 7.4 Simulated P

p1
1. 669
1.613
1. 721
1. 846
1.977
2.116
2. 263
2. 421

2.589

L2
7.0086
7.1798
6.8248
6.4753
6.4877
6.5175
6.5686
6.6236

P2
1.669
1.613
1.721
1.818
1. 922
2.054
2. 199
2.355

2.525

L3
7.0086
7.2827
7.0704
6.9032
7.1405
7.205S
7.2649

7. 3157

P3
1.669
1.613
1.726
1.830
1.944
2.087
2.234
2.392
2.561

L4
7.0086
7.1849
6.8444
6.5051
6. 5254
6-5549
6.5013
6.6496

LS
7.0086
7.2913
7.0900
6.9330
7.1782
7.2433
7.2975
7.3417

L by Policy Experiments

L6
7.0089
7.1798
6.8248
6.5997
6.7873
7.0294
7.3432

7.4384

by Policy Experiments

P4
1.669
1.613
1.723
1.821
1.927
2.060
2.204
2. 360
2.528

P5
1.669
1.613
1.728
1.834
1.949
2.093
2.240
2.396

2.564

P6
1.669
1.613
1.721
1.818
1.930
2.071
2.227
2.398
2.570
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Chapter ViII

A DISEQUILYBRIUNM TAIHEAB HODEL

8e 1 INTRODUCTIOR

The compact equilibriurz model which was discussed in pre-
vious chapters can be expanded by changing. the assumptions
and introducing more eguations and variables. As was assert-
ed in section 1.1, Chapter I, one of the purposes of the
compact model is to act as a trial model for economic plan-
ning. Usually the size of an econonric planning model is nuch
larger than that of a trial model. In a planning model, some
key variables need to be disaggregated into more components
for obtaining more detailed information. For exanmple, in the
model entitled "A Model for a Four-Year Plan for the Econonm-
ic Development of Taivan" built in 19817, comnsumption was di-
saggregated into food, semi-durable goods, and dureble goods
consumnption. Import goods were disaggregated into consump-
tion, capital, and material goods. The variables of invest-
ment, tax, and exports all were disaggregated into more con-
ponents as well, In this chapter, the previous compact
Taiwan model will be changed into a disequilibrium model,
vhich is usually assumed in economic planning. It is still

assumed that money supply and money demand are in eguilibri-

- 108 -
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ux. The restriction that the product supplied egquals the
product demanded in the product =market, and the labor sup-
plied ejuals the labor demanded in the labor market has been
eliminated. In addition to the ten equations in the compact
2guilibrium model, five more eguations are introduced to
complete the disequilibrium model. In the second section,
the new equations are specified, and newv variables ex-
plained. 1In tke third section, the results and findings are

reported.

8.2  MIDEL SPECIFICATION ARD EXPLANATION
The first ten equations of the disequilibrium model are
identical to the ten egquations in the equilibrium model,
with the exception in eguations 2.3.7 and 2.3.10. In equa-
tion 2.3.7 the variable LGLNMS has been deleted due to an
inappropriate sign for the estimator. In egquation 2.3.10 GAP
has been added in order to capture the effects of demand
pressur2. The five additional ejuations are specified as
follows (v is error term):
1. Product Supply

The product supply equation is specified as

LOGGNP=3j0+3j1 LGLNK+3j2 LOGLF#j3 LOGT4V] —==-==e==-= {8.2.1)

wvhere LOGGNP = the time trend of GNP in log form,

LOGLF total labor force in log form, and

It

LGLNK lagged capital stock in log forn.
This ecuation represents the potential product of the

Taiwanese economy, and can also be regarded as a supply-



2.

3.

u-

s.
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side constraint. This potential production, associated
vith actual production, will be related to the unemploy-
ment rate in  equation 8.2.5.

Exports

In the disequilibrium model, exports are treated as an
endogenous instead of an exogend>us variable. The funct-
ion of exports is specified as:

X=k0+k1 UY+k2 JY+k3 Tt+kd LAGX+V2 ~r——e~cececewee- (8. 2.2)

GNP of the United States, in 1976 billions

where OY
of dollars, and

JY = GNP of Japan, in 1976 trillions of yen.
Labor Supply
Labor supply is specified as the function of wage
rate {¥), and population (POP) and can be written as:
LF = 10+11 H¢12 POP#V3 --=----—mccmmmmmmc e (8. 2. 3)
The sign for both W and POP are expected to be positive.
GNP 3Sap
The jap between actual and potential GNP is specified
as:

GAP = LOGY-LOGGNP ====m=m-meee—c e e e e cm e {8. 2. 4)

where LdGGNP is the potential GNP in log form and
identical to the product supply defined in egquation
8.2.1. LOGY is the actual GNP in log form.

Unemployment

The anemployment function is specified as:

U = m0¢m? GAP+m2 LAGGAP+m3 LOGX+V§ —--c——e——-——-= {8+ 2.5)

wkere U is the unemployment rate defined as (LF-L1L)/LF.



Okun's lawvw (1962,1972) asserts that the ratio of the
actual and potential GNP has a close negative connect-
ion with the umemployment rate. The unemployment egqua-
tion is a revised version of Okun's law. As can be seen
in ejuation 8.2.4, GAP is a logarithmic transformation
of the ratio of actual and potential GNP. In addition
to GAP, a Koyck-type lag of GAP and the logarithnic
variable of exports are introduced. Because Taiwan is a
highly trade -oriented country and exports have signif-
icant impacts on its employment level, the logarithnic
variable of exports is brought into this equation. The

sign of m1, m2, and n3 are expected to be negative.

8.3 THE RESULTS AND FINDINGS

The disegquilibrium model with 15 equations is run with
SAS. The results of the estimation by 2SLS and 3S5LS are re-
ported as follows ({the figure in the parenthesis under the
coefficient is the t value for that particular coefficient):

Be 3.1 Results by 2SLS

Product Market:

Y = CON ¢+ I +G ¢ X - M + NFP =—-wmmmmmmmmmmme—ce— (8.14.1)
DCON = CON = LAGCON —=-=-eme—ec—c e mc e e (8- 4. 2)
GAP = LOGY = LOGGNP ====v-me—mme—cccc e ce e e e e cem - {8.A.3)

LOGGNP=.4297+,66005LGLNK+.36987L0GLF+.25153L0GT+v1 (8.A.4)

13.61) 115.83) 12.96) {17.66) R2 = 0.9996
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CON= 27.2108+0.2128 Y+0.5428 LAGCZON#V2 —===mcecocecan-- (8.A.5)
{4.95) (4.05) (4. 38) R2 = 0.9986

I = 33.983+1.3364DCON-1.1585R+.00527K+.7866LAGI+v3 {B.A.6)
{(0.686) (2.01) {-0.82) [0.14) [2.54) R2 = 0.9730

X = =187.909+. 18530Y-0.499U4JY+3.8823T+.T466LAGX+vY4 (B.A.7)
[(-1.50) (1.40) {-0.72) [0.44) (5.13) R2 = 0.9894

M = -52.756+0.39022 Y+0.0946 X+0.1744 LAGM+V5 ——==- {8.A.8)
(=1.87) (1.98) (0-36) (0-92) R2 = 0.9914

Labor Market:
L = 3.212 +0.00303 Y-1.8752%¥+0.1329T+0.1243WPI+v6—~- (B.A.9)

1WU4.6) [6.04) 1-5.02) (30.12) (.88) R2 = 0.9977

LP = =0.4778+1.3037 W+0.3011 POP+V] =—==meeme—m——ax {8.A.10)
(-9-72) (3.27) (4. 63) R2 = 0.9843
Money Market:
MS = -4.148+#1.4501 LOGY-0.0993 LOGR+V8-—=—m=—=—mw- [8.3.11)
(-3.42) (11.16) (-0.68) R2 = 0.9921

Price System:

LOGP=0.0940+0. 0695 LOGMON+0. 1194 LOGWPI+0.7698 LOGCPI

(1.35) (1.47) {1.29) 16.20)
+0.5078 GAP#VY ~=--mrmmcmm e e m e (8-1.12)
12.86) R2 = 0.9987
HPYI = 0.158640.77964 PM+0.0227 LAGHPI#+V1( —-—-=—=— (8-34.13)
{9.19) 115.28) (0-.32) R2 = 0.9961

LOGCPI= 0.00388+0.77952 LOGKXPI+0. 1893 LOGNR+v11 --(8.A.14)

(0.32) (8.78) (4.64) R2 = 0.9936

U = 0.0578-0.0588 GAP-,0O436LAGGAP~.00707LOGX+v12 ({8.A.15)
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(10.15) (-1.66) (=0-97) (-6.27) R2 = 0.7957

Be 3.2 Results by 3SL

Product Market:

Y =COF +I +G+ X =M + NFP =——=c-mmmmemmomeeeoee {8.B. 1)
DCON = CON = LAGCON ====—=—m==mm e e mm e 18.B.2)
GA? = LOGY - LOGGNP ———————————mm oo oo (8-B.3)

LOGGNP=0.474+40.6U38LGLNK+0.4173LOGLF +. 248LOGT+v13 (B8.B.4)
(6-66) (29.05) (6-89) (38.26)
CON = 27.984+40.2236 Y+0.51835 LAGCON+V1§ ===—=—===={8.B.5)
(7.32) (7.45) (7.30)
I = 42.93941.2196DCON-1.4717R+.0206K+.6528LAGI+v15 (8.B.6)
2.42) {5.31) ¢-2.98) (1.55) [6.16)
X = =183.969+.16190Y~. 1559J¥+2.7555T+. 7426LAGX+v16 (B.B.7)

1=2.25) (1.96) (-0.38) f0.47) (7.91)

M = -36.1566+0.3093 Y+0.1895 X+0.2049 LAGM+v17 ----[8.B.8)
(-2.72) (5.18) (2-27) (2. 92)
Labor Market:

—

L = 3.2026+0.00287 ¥-1.747 ¥+0.1367T+0.0588WPI+v18 [8.B.9)
(68.29) (11.45) (-8.61) (15.32) {0.81)
LF = -0.2965+1.4171 §+0.2829 POP#V19 ==—m——————ee- (8.B-10)
t-.71) [(5.81) 17.12)
Money Market:

LOGMS= -4.3525+1.4725 LOGY-0.07655 LOGR+v20 ------ (BeBa11)

{-9.80) [28.36) {-1.55)
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{4.88) 15.34) [1.98) (19.00)
404803 GAP#V2] =mmemmmemm oo emee e (8.B.12)
(5. 91)
SPI = 0.148440.7373 PH+0.0814 LAGHPI#V22 —=c-=—wu-—- (8.B.13)

111.38) {27.66) [2-323}
LOGCPI=0.0045+0.8175 LOGAPI+0. 1743 LOGNW+Vv23 —=—=- {8.B. 14)
(0.42) (15.38) (6. 92)

Unemployment:

0 = 0.0574-0.0654 GAP-0.0305 LAGSAP-0.007LO0GX+¢v24 {8.BE.15)

(10.67) (-3.21) (-1.26) (-6 64)

As can be seen in the results by 25LS, the R2 for the
function of unemploymeant 8.A.15 is the lowest, but still as
high as 0.7957. R2 for all the other egquations is higher
than 97%. Thess high R2 values indicate that all equations
represent a high goodness of fit. When the results by 25LS
are compared to those by 3SLS, all t-statistics in 3SLS have
been improved. However, even in the results by 3SLS, the
significance level for rejecting the null hypothesis of the
coefficients being zero, for JY and T in eguation 8.B.7 are
as high as 70% and 65% respectively, for WPI in B8.B.9 43%,
and for LAGGAP in 8.B.15 23%. These variables are still
kept in the model because they provide some special imforma-
tion to the policy makers. The t statistics for all other

estimated coefficients are significant at the 1level lower
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than (or equal to) 13%. For those equations whick are spe-
cified identically or similarly to those in the previous
compact equilibrium model, their results and findings are
very similar. Therefore, it is not necessary to repeat the

findings again.

In the compact equilibrium model, X was treated as an ex-
dgenous variable and was found to be a great contributor to
the growth of the Taivanese economy. Now X is treated as an
endogendus variable in this disequililiciuz model. Its own
lag and the GNP of the United States (UY) wvere found the
best explanatory variables to it. The significant positive
coefficient for 3Y indicates that the increase in U.S. GNP
increases the exports of Taiwan, therefore the GNP of Tai-
wan, c¢onsistent with the fact that Taiwan®s trade surplus
with the 0D.S. has increased in recent decades. The negative
coefficient for Japanese GNP (JY), though significant only
at 70% im 3SLS, indicates that the exports of Taiwvan de-
crease while JY increases, consistent with the fact that Ta-
ivan has had a trade deficit with Japan in the past three
decades, and the unfavorable gap has become significantly
greater in recent decades. Tke negative sign for the esti-
mate of JY also suggests that the exportable goods of Taiwan
to Japan have become less competitive and may have been
shifted toward inferior goods while Japanese GNP has in-

creased rapidly in the past several decades.37

37 Because the export function in this disequilibrium model
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In the labor market, wage vrates play an important role.

On one hand the increase 1in wage rates will significantly
reduce labor demand, but on the other hand, this increase in
vage rates will stimulate labor supply. Population growth is

also a significant source of labor supply.

With regard to the problem of unemploymnent, the gap bet-
veen thes actual and the potential GNP is significantly re-
lated to the unemployment rate which is consistent with
Okun's lav (1962,1972). 1In addition, exports are signifi-
cantly negatively related to the unemployment rate, indicat-
ing that the 1increase in exports helps to reduce the unen-
ployment rate. This finding confirms the result by Kuo,
Ranis, and Fei (1981,pp.117-125), though they applied a
different approach3® to analyze the employment expansion in

the economy of Taiwan.

In the previous Taiwan equilibrium model, demand pressure
was not related to the GNP deflator or some other price ia-
dex pecaiuse it Was assumed that the product market is almost
cleared, and therefore no demand pressure exists. But demand

pressure appears when the product demand is greater than the

is highly aggregated, the reasons for the trade deficit
{surplus) to Japan ([U.S.) are not clear. More details can
be obtained if individual export and import functions are
established for Japan aand the US, and the variables of
the terms of trade and exchange rate should be incorpo-
ratel into the model in addition to the GNP of the relat-
ed countries.

38 FPor their approach, see footnote 29.
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product supply to a certain extent. 1In the disequilibriuam
model, GAP is identical to demand pressure. It is found
that GAP has a significantly positive correlation to the
GNP deflator. Combining equations 8.B.'2 and 8.B.15 , and
using Taylor's linear approximation, a Phillip's curve can
be derived for the economy of Taiwan, confirming the finding
in chapter VII that a Phillip's curve exists in the Taiwa-

nese econonmnye.

Finally, the nmultiplier analysis, forecast, simulation,
and the Phillip's curve were not done for this disequilibri-
um model, but these represent an area for further research.
However, in the study of this diseguilibrium model, when
comparel with the previous equilibrium model, the magnitude
of the coefficients does not change much, and the values of
R2 have remained high, thus convincing us that this disequi-

librium model has a high degree of fit.



Chapter IX

CORCLUSIONS AED POLICY IMPLICATIOSS

The main purpose of this study was to analyze the econowny
of Taiwan and thereby to find economic policy implications

that ¥ill prove useful to policy makers.

In Chapter I, the problems of the economy of Taivan and
the objectives of this study were outliamed. Further, a re-
view of the literature contributing to this study was nade.
Shortcomings of earlier work by economists interested in the
Taiwanese economny were also pointed out; another important
purpose of this study was to try to eliminate such shortcom-
ings of the previous models. For exanmple, first, the data
have been updated in an attempt to enlarge the degree of
freedom. Second, 25LS and 3SLS methods were applied for the
estimation procedure instead of OLS. Third, a dynanmnic sim-
ultaneous model was introduced. The approaches of IS-LN,
AS-AD, multiplier amalysis, business cycle, and policy ex-

periments were also utilized to enrich the findings.

Chapter II was devoted to tke theoretical framework of

this model, the introduction of the variables, and the spe-
cification of the equations. The characteristics of a dynam~

ic model were also discussed.

- 118 -
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Chapter III dealt with the sources and limitations of the
data. The reliability of the data for the Taiwanese money
supply, capital stock, and employment has been questioned by
several economists. But there was no choice but to use
these data because it was difficult to obtain other more ac-
curate data for the substitution. A proxy wage rate was
used, not only because there was difficulty in obtaining the
actual Jata, but also because there are no suitable data for

the vage rate for the entire econony of Taiwvana

In Chapter IV, the results of the 2SLS and 3SLS were re-
ported, and the static IS-LNM, dynamic IS-LN, long run IS-LN,
AS-AD curves vere derived. One interesting finding which
deserves the attention of policy makers is that the magni-
tude of the shift of the dynamic IS curve was larger than
that of the dynamic LM curve. This implied of course that
Taivan had experienced GNP growth accompanied by increasing
interest rates, and that the effects of fiscal policy were

stronger than those of monetary policye.

In Chapter V, the forecast and simulation for the Taiwan
equilibrium model were performed, showing that the model is
capable of predicting the tureing points and has a high de-

gree of fit.

In chapter VI, the multipliers and busimess cycle were
analyzed. Both government consumption and exports were

found to contribute to the growth of the economy of Taiwan;
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Lovwever, interest rates were found to be a hindrance. It was
also found that the Taiwanese e@conomy has a business cycle

5f about 16 years.

Chapter VII vas devoted to policy experiments. Three
findings are worth repeating here: First, fiscal policy is
more effective than monetary policy, consistent with the
finding in Chapter IV. Second, exports are a major source of
the economic growth of Taiwan. Third, earlier nmeasures are
better than later measures, suggesting that policy makers

should foresee and respond to econoric problems gquickly.

In Chapter VIII, a disequilibrium model wvas developed
from the previous eguilibrium model. The assertion that ex-
ports are a major contributor to economic growth and to inmn-
creased employment was reconfirmed. Recently Taiwvan has en-
countered several obstacles which, if they are not overcome
soon, «ill undermine its exports. Unskilled labor has been
almost fully employed and wage rates have therefore been in-
creasing in recent years. The high-technology-intensive in-
Justries of Taivan are still in their preliminary stages of
development, and the out-of-date labor-intensive industries
have lost their competitiveness and marketability. Further-
more, protectionism is still growing all over the world, and
the stability of Taiwan's domestic prices is very vulnerable
to the fluctuation of import prices. Therefore, export pro-

motion should be a major concern to the authorities of Tai-
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wvan, and more efforts should be made in overcoming the ob-

stacles which will curb exports.

The above has demonstrated the contributions and findings
of this study; howvwever, this study is not without its own
shortcorings. First, both the equilibrium and disequilibri-
un models leave out the variable of the terms of trade that
characterizes the export and import functions.3° Fortunate-
ly, this omission has had little effect on the R2 for the
export and import eguations. Second, the data applied in
this study covered a long period, from 1961 to 1982, but the
econoniz structure has changed rapidly since 1971; there-
fore, the capacity of the ex ante forecast and simulation of
these two models is expected to be weaker than that of ex
post forecast and sinulation. A quarterly model with the ap-
plication of the latest data would probably have better ex

ante forecast and simulation.

The present work suggests a few potential areas to be in-
vestigated with similar approaches. Terms of trade can be

introduced into the models, if the required data cam be ob-

39 This shortcoming was first pointed out by Professor Tur-
ner,The University of Oklahona, when the proposal for
this dissertation was presented. For a vhile, we defined
the terms of trade as PM/P, but failed to obtain the cor-
rect signs for the coefficients. The definition of the
terms of trade may need to be modified. For example, in
addition to P anl PM as we used in this study, the price
index of major competitive countries, domestic price in-
dex for export goods, and the index of effective foreign
exchange rate can be used for different modifications.
Unfortunately, we failed to obtain the data for our at-
tenmpts.
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tained. The fluctuation of the terms of trade, and its ef-
fects »>5n the economy of Taiwan, and also the Phillip's
curve, multiplier analysis, forecast, and simulation for the
disequilibrium model are all areas for further study. A re-
percussionary international wmodel can be expanded from the
disequilibrium model, provided that certain arrangemzents and

modifications are made.
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TABLE OF THE VARIABLES
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year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1872
1973
1974
1975
1976
1977
1978
1979
1980
1981

1982

10
11
12
13
14
i5
16
17
18
19
20
21
22

Y
171.97
185.47
202.85
227.82
252.91
275.69
304.80
332.44
362.37
403.21
§55.23
515.82
581.93
588.46
613.41
696.10
TohaT1
870.62
940.97

1003.07
1053.63
1093.20

CON
112.382
121,784
129.208
146. 157
159. 520
169. 350
184.026
123,716
214,337
230.559
249.213
273.576
305. 247
318.517
340. 651
364.061
388.949
422.803
465.947
490.706
508.098

529.058

I
29.358
29.802
35.083
39.260
50.667
53.122
69. 854
81.023
87.873

105.608
123.641
137-348
163.697
216.438
188.939
216.231
222.804
251.046
308.217
325.743
320.587

293.728

G
41.219
45.156
46.855
50.051
52.518
56.575
62.385
67.879
74.688
79.953
83.206
87.166
92.390
83.610
95.465

105.563
118.412
126.576
137.655
7.443
151.740

159.399

X
21.570
22.217
28.752
36.100
44.450
52.445
60.531
76.177
94.309

120.254
159.596
211,736
261.606
242.259
245.794
331.516
374.795
454.808
478.830
523.237
567.610

583.572

N
32.436
33.329
36.806
43.776
53.958
55.657
71.518
91.676

108.470
132.553
160.249
194.103
240.849
272.170
253.980
316.254
335.240
382.379
450.042
482.516
488.302
472.662
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year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1872
1973
1974
1975
1976
1977
1978
1979
1980
1981

1982

L
3.505
3.541
3.592
3.658
3.763
3.856
4.050
4.225
4.390
4.576
4.738
4.948
5.327
5.6 86
5.521
5.669
5.980
6.228
6.424
6.547
6.672

5.811

LF
3.655
3.695
3.752
3.824
3.891
3.976
4.145
4.299
4.474
4.655
4.818
5.023
5.395
5.571
5.657
5.772
6.087
6334
6.507
6629
6764

6.960

K
535.99
551.01
568.93
587.05
611.56
644.15
685.45
73629
792.22
854.48
931.79

1020.75
1121.38
1243.089
1393. 10
1537.20
1679.77
1839.40
2028.81
2259.19
2483.83

2700.68

R
40.00G0
38.3535
32.8037
31.4798
31.7647
30.8571
28.0421
26.2722
24.6667
22.5403
20.8333
18.4729
18.9286
15.3326
13.9916
12.0000
10.1224

9.6673
11.7124
11.2813

9.4838

6.4410

MS
1%.010
19.579
24,194
31.343
36.638
39.934
49.762
51.992
56. 430
62.687
79.437

100.750
131.81M
105.948
138.571
164,103
206+ 392
269.976
261.242
276.366
280.821
312.703

q
0.33517
0.36222
0.38864
0.43333
0.47668
0.51644
0.55205
0.58782
0.60943
0.66196
0.75622
0.80191
0.81634
0.81865
0.91732
1.00000
1.04900
1.14182
1.22075
1.30923
1. 43357

1.54475

NFP
-0.123
-0.163
-0.168
~0.024
-0.228
-0. 144
-0.479
-0.680
-0.367
~0.611
-0.181
-0.101
~0.163
-0.195
-3.455
-5.016
-5.014
-2.233

0.366
-1.546
-6.101

0.105

132



YEAR
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981

1982

PM
0.449
0.439
0.853
0.439
0.458
0.471
0.483
0.502
0.497
O.SHS
0.542
0.564
0.679
1.031
0.980
1.000
1.073
1.176
1-.370
1.647
1.783

1.781

P
0.405
0.413
0.428
0.446
0.442
0.455
0.475
0.507
0.540
0.559
0.576
0.609
0.700
0.962
0.947
1.000
1.062
1.112
1238
1.436
1.608

1.669

WpPI1
0.483
D.498
0.530
0.543
0.518
0.525
0.538
0.554
0.553
0.568
0.568
0.594
0.729
1.025
0.973
1.000
1.028
1.064
1211
1.472
1.584

1,574

CpI
0. 425
0.435
0.445
O l44
0. 443
0.452
0.468
0.504
0.530
0.549
0.564
0.581
0.629
0.927
0.976
1.000
1070
1. 132
1< 243
1.479
1.720

1.789

gy Jy
1003.03 47.825
1055.17 54.397
1092.16 62.465
¥163.73 69.509
1233.91 74.873
1304.75 85.530
1338.54 96.922
1401.01 109.037
T4835.71 127.4M

T430.17 133.770

1464.02 140.853

1587.82 154.026
1677.94 168.831
1654.69 165.130
1630.63 162.636
1718.00 167.295
1817.19 172.334
1898.47 182.802
1952.83 188.767
1982.92 187.247
2011.99 187.657

1977.53 193.176
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DATA

Appendix B

FOR EXOGEEOUS VARIABLES IFN POLICY

EXPERINENTS

Trend

2.6293+0.2577 T-0.0038 T2
6.028340.0815 T
-1.1187+0.07012 T
3.6708+0.0643 T
3.8413-0.0794 T

-1.1691+40.0743 T

(1) Log (Xx) =
{2) lag [K) =
(3) Log [W) =
(4) Log (G) =
{5) Log (R) =
(6) Lo>g (PM)=
B. Data
Year T NFP
1983 23 -=1.196
1984 24 -1_.196
1985 25 -1.196
1986 26 =1.196
1987 27 -1.196
1988 28 =-1.196
1989 29 -1.196
1990 30 -1.196
Notes

5 X L R
172.26 696.63 1.639 7.496
183.70 753.97 1.758 6.924
195.89 809.85 1.886 6.395
208.89 863.29 2.023 5.907
222.76 913.29 2.170 5.456
237.55 958.86 2.327 5.039
253.31 999.10 2.496 4.654

270.13 1033.13 2.678 4.299

R2
R2
R2
R2
R2

R2

4.1
1.7169
1.8494
1.9921
2.1458
2.3114
2. 4897
2.6819

2.8888

pata for G, X, ¥, R, PM, ard K are obtained

N

using the equations of trend listed in A.
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0.9919
0.9802
0.99453
0.9875
0.9600
0.8956

2705.84
2935.65
3184.98
3455.48
3748.95
4067.35
4412.80
4787.58

by



