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CHAPTER I
INTRODUCT'ION

In the last two or three decades, great progress has been made in
the use of macroeconometric models as a means for analyzing the behavior
of aggregate economic va;iablas. The use of econometric ﬁodels by
government a2concmic planning agencies has‘also become prevalent. Fol-
lowing the models of Tiﬁberqen (ef. 52, p. €9) and Xliein and Goldberger
{(cf£. 62, p., 701), wodels have been developed for the United States, fhe
United Kingdom, Canada, Japan, the Netherlan&s, Sweden, and many cther
countries. Macroeconometric models have been constructed to estimate
the guantitative impact of alternative government policies, investigate
the natuxe of short~run‘macroeconom§0 fluctuvations, and forecast such

magnitudes as gross national product (GNP}, national income, employment,

0

1
2
3

and the price leval. In the area of government policy making, -howevar,

more discussicn has besen

the goals and less on forecasting (52, p. 92).

;18 particoularly true in the case of Taiwan. Only a few models

This he

have been constructed for th

[t

Taiwan economy. Moreover, these models

are incomplete and are based on very limited dakta. A more complete and

up-to-date forscasting model of Taiwan is greatly needad.

0]

Taiwan is a small island velatively poor in natural rescources with

a very dense vopulation. For the past s, much effort has

% N : : K oy - PP S B I o .
been devoted to economic development. owever, economic development



requires sound economic policy predicated on a good forecasting tool.
Since a forecasting model can be used for policy simulation and fore-

casting, the present study might benefit policy makers in Taiwan.
Objectives

This study is an attempt to construct a macroceconcmetric model of
Taiwan for forecasting purposes. Additional objectives include examina-—
tion for structural changes; and--if structural changes have occurred--—
determination of their effects on forecasting accuracy and comparison

of the relative performance between the model and earlier models on

Taiwan.
The Area of Study

The model is a non-linear block recursive system containing thir~
teen eguations. Eight are behavioral equations and five are identities.
The model is based on annual data on Taiwan covering the time period
from 1952 to 1973. Major computer programs used in the study are the
Econometric Analysis System (EAS) for estimation of the structural para-
neters and the Macroeconometric Simulation (MACROSIM) for simulation and
. i 2 . g et . ‘ a e
forecasting. The Dynamic Multipliers (DYMULT) is also adopted for

analysis of stability and deriwvation of dynamic multipliers in Liu's

3
model.
This study differs from previous models of Taiwan in several ways.]

It is neon-liinear and emplovs the simulation approach to evaluate per—
formance. BSince it contains more equations, it describes the economy

in greater detail. In particular, it includes eguations for wage ine-

come, the price level, and the monetary sector. The model also covexs




a longer period of time--from 1952 to 1973. The estimation of the
structural parameters is based on the time series data from 1952 to
1973 with the remaining three years of data (1974 to 1976) reserved for

ex post forecasting. The initial year is 1952; it lS the writer's

e e s i TN e,
s

- e

Korean. War. and

belief that 1951 data may bg\pnduly inf;uegcegﬂbywthgq

o ———— e e S T .

should be excluded. télﬁce quarf@rly data _is available only in recent

years the model is based on am’lual dc’tt&«.
4
> \“MMN,\_/\/‘—‘\//

Organization of the Study

Chapter II provides economic background information relevant to
this study of Taiwan. A review of the literature pertaining to the
modal is given in Chapter XIII. The specification, identification and

stimation of the model are discussed in Chapter IV. Ig_Chaptex V,

sinulation is used to examinzs the dynamic properties of the model.

Some implications of the dynamic multipliers and policy simulations are

also provided. Chapter VI contains an evaluation of the performance of

the medel based upg #oesh-simalation and ex post forecast. The tests

for sensitivity and structural change are also included in this chapter.
In addition, a comparison of this writer's model with the Taiwan naive

model and Seaks' model is also made. The last chapter sumimarizes the

2]

study and alse contalins a discussion of the study's limitations and

suggestions ror further studies



ENDNOTES

lThe equations which represent the economy are based on data for
the 1952-1973 period. If no structural change occurred during the
period, the equations are the same for each subperiod. However, if
structural change occurred, the equations will vary by subperiod and
only the equations based on recent data will provide reliable forecasts.

2The EAS is a computer package developed and implemented by Richard
E. Just and Stanley M. Fletcher, Department of Agricultural Economics,
Oklahoma State University, in March, 1975. The program is designed to
give the user a broad range of capabilities for econometric analysis and
ease of data manipulation and transformation (51). The MACROSIM, desig-
nated to be a flexible tool for studying economic models, was developed
by Hester and Taylor in 1970 in Fortran IV for Univac 1108. Further
conversion to suit for IBM/360 was due to Sowey in 1971. This program
performs linear system simulation experiments, forecasting, solution of
non-linear equation systems and generates Monte Carlo samples (30). For
the purpose of this study, the MACROSIM has been revised and is desig-
nated as the revised MACROSIM in this study.
3The DYMULT program, developed by C. XK. Liew at the University of
Oklahoma, is designed for dealing with a simple linear simultaneous
equations model with lags. The DYMULT checks the stability conditions
of the system of equations and calculates the impact, interim and total
multipliers (44).

s



CHAPTER IXI
THE TAIWAN ECONOMY

Taiwan is an island roughly 250 miles long and 60 to 20 miles wide
with an area of approximately 14,000 sguare miles (the equivalent of
36,000 square kilometers).l Located about 100 miles off the coast of
Fukien and separated from the mainland China by the Taiwan Straits,
Taiwan is slightly larger than Massachusetts and Connecticut combined
and slightly smaller than the Netherlands.

Geologically, it is a part of the island chain found around the
western rim of the Pacific Ocean. Located astride the Tropic of Cancer,
Taiwan is shaped like a tobacco leaf. The island is dominated by the
Central Mountain Range which runs from north to south and divides the
island into the rocky, rugged regions of the east and the fertile plains
of the west. About 57 percent of the mountains are forested. Rivers
are short and swift, most of them descending from the Central Mountain
Range and running west. None of the rivers are commzycially navigable
but the streams provide hydroelectric power.

The climate is subtropical in northern and central parts of Taiwan
and tropical in the south. Summers are long and humid with an average
temperature of about 80°F. Winter in the ncrth is confined to January
and February, the average temperature a mild 60°F. Rainfall is about
101 inches a year. This makes the island very well-suited to agri-

culture; however. only a quarter of the land is presently cultivated



as a result of the mountainous land which makes up two-thirds of the
island.

Also known as Formosa, Taiwan is believed to be originally populat-
ed by Polynesians. In the 12th century, many Chinese moved to Taiwan
from the provinces of Fukien and Canton. Later, the island was occupied
by the Dutch (1824 to 1662), the Spanish (1626 to 1641), and the

Japanese (1895 ftc 1945). During the Japanese occupation, the island

was built up as a base for Japan's invasion of Southeast Asia. In 1949,
many Chinese relocated in Taiwan when the Chinese Commusnists took over

. . 2
the mainland.
A Brief Historical Review of the Economy \//

From 1951 to 1975, the average annual increase in real Gross
Naticnal Product (GNP} was 8.15 percent (16, p. 139). Gross Naticnal
Product doubled from 1951 to 1961 (see Table 1), then dcubled once again
by 1969. In the six years following, Gross National Product incxeased
by &1 percent. Thus, for the past 25 years, GNP doubled approximately
every decade.

Real GNP, without adjustmesnt for gain or loss due to changes in the
terms of trade, grew rapidly from 1951 to 1975. For the periocd, the
average growih rate was 8.15. However, the average conceals a wide
range of experience. In some years (1952, 1%64-1965, 19267, 1970~-1973),
real GNP increased at a rate in excess of 10 percent. In 1974 and 1975,
real GNP grew at less than three perxcent per year.

Because of population increases, real per capita income did rot
increase as rapidly as GNP during the pericod. The average annual in-

crease in per capita income was 4,42 percent. During 19231 to 1861,

|~

;



TABLE I

REAL GROSS NATIONAL PRODUCT, PER CAPITA INCOME, AND
GENERAL PRICE LEVEL OF THE TAIWAN ECONOMY,

1951-1975
a Per Capita General Price
GKRP Incomeb LevelC
Amount Increase Amount Increase Price Increase
Year (NT $ Million)d % (NT $) % Level %
1951 52,121 —— 5,515 —— z3.63 ——
1952 57,795 10.89 5,842 5.93 202.84 20.81
1953 62,582 8.28 6,078 4.04 36.72 18.76
1954 68,022 8.69 6,200 2.01 37.08 0.94
1955 73,270 7.72 6,450 4.03 41.06 9.69
1956 77,149 5.29 6,526 1.18 44,77 8.29
1657 82,461 6.89 6,786 3.68 48.86 8.37
1958 87,184 5.73 6,841 1.11 51.59 5.29
1859 93,278 6.99 7,080 3.43 55.69 7.36
1960 98,523 5.62 7,236 2.20 63.75 12.¢64
1961 104,973 6.55 7.508 3.76 656,96 4.79
1962 112,622 7.29 7,697 2.52 63.78 2.65
1963 122,241 8.54 8,335 8.23 71.75 4.14
1964 136,197 11.42 9,290 11.46 75.42 4.87
1965 150,367 10.40° 9,495 2.21 75.42 0.900
1966 162,019 7.75 9,929 4.57 77.98 ° 3.28
1967 178,790 10.35 10,692 7.68 81.59 4.42
1968 194,648 £.87 11,201 4.76 87.81 7.08
19569 211,341 8.58 11,697 4.43 92.54 5.21
1970 234,161 16.80 12,71¢ 8.66 96.70 4.30
1971 261,436 11.65 13,863 9.07 100.06 3.30
1972 292,693 11.96 14,927 7.68 105.01 1.77
1973 327,583 11.92 16,088 7.78 118.62 11.47
1974 329,560 0.60 15,612 -2.96 15%.14 25.46
1975 338,805 2.81 15,330 -1.42 164,92 4,50
Sources: Directorate-Generzl of Budget, Accounting and Statistics,
Republic of China, National Income of Eyg_Republic of China
(1975), pp. 1€, 25 and 130; and (1977), p. 123.

“nt 1971 prices without adjustment for gain or loss due to changes

in terms of crade.
o . . - . .
At 1971 prices with adjustment for gain or loss due to changes in
terms of trade.

cImplicit price deflator for GNP.
dNT ¢ stands for New Taiwan Dollar. The (0id) Taiwan Dollar was
the currency usad during the pericd following the withdrawal of Japanese
from Taiwan in 1%45 and priorx to the arxrival of the Nationalist Chinese
from mainland China in 1949. However, cince the (01d) Taiwan Dollar
suftfered very badly from hyper-inflation in late 1948 and eaxly 1949,
the government irn Taiwan reformed the currency in June, 1949 by convert-
ing the (¢ld) Teiwan Dollar into the New Taiwan Dollar (NT Dolliar) at a
rate of 46,000 to 1. 7The NI $§ has been circulated since then. Multiple
exchange rates prevailed in Taiwan pricr to September, 1963. During the
period beotween Sepiember, 1963 and February, 1973, the exchange rate of
NT Dollar to U.S. Dollar was stabilized at 40 to i. Since February, 1973
it has been at 28 to L.




there was a 36 percent increase in per capita income. For the periods
from 1261 te 1969 and from 19692 to 1975, the increases were 56 and 32
percent, respectively.

General price level (GNP deflator) had shcwn an upward trend during
the past twe and cne half decades (Table I). For the periocd, the aver-
age increase was 7.00 percent. The rate of inflation, as measured bj
the percent change in the general price level, was less than 10 percent

for most vears during the same pericd except 1953 (23.09 percant), 1955
{10.73 percent), 1950 (14.47 percent), 1973 (12.96 percent), and 1974
(34.1¢ percent} (see Appendix A}.

Since 19253, the government in Taiwan has carried cut a series of

four-vear economic plans for economic development. The first and /

——

second feour-year plans (1953-1960) aimed ot establishing a number of
import~substitution industries. During the third and fourth four-year
plan periods (1961-1968), econcmic development accelerated. This was
the result of a rapid expansicn of exports. Agriculture, industry,
transportation and communications showed progress; the international
pavicents situaticn also showed tremendcous improvement. During the fifth
four-year plan period (1969-1272), industry continued to boom and expert
trade expanded vigorously. The average annual growth rate of the
four-year plan (1973-1277

val.,

i—h

ct

n
I‘Q

3

\
rapid economic growth. Firstg

the political situation has been very stable during this period. This

ailowed such vt to be devoted to econcmic development and growti.

Second, U.S. ecconomic and nilitary aid contributed greatly to the

oo

]

ese aids have bheen in the

—
,..

gtabilizaticon of the economy of Taiwan.



form of grants, credits, and other assistance. Even thngh U.s.
military aid phased out in 19465, continued economic aid has helped to
cover the deficits of the balance of payments. From 1953 to 1974,
Taiwan received a total of $952.4 million in foreign aid from the U.S.
(including $237 million in loans).3 In addition, investment (I) has
increased tremendously during this period of time. The percentage of
investment (I) to Gross National Product (GNP) is 10.34 in 1952, 13.36
in 1961, 18.56 in 1969 and 28.28 in 1975. Thirxd, the increase in both
gquantity and quality of labor supply has contributed to this rapid
development. Although Taiwan has implemented a family planning project
in recent years,‘the population growth rate is still as high as three
percent. Consequently, the labor supply has increased rapidly. The
guality of labor has also improved substantially, due to the extension

cf compulsory education from six years to nine years in the 1960's.
lg/ Recent Developments in the Economy

Beginning in 1973, import prices have risen rapidly as a result of
world~-wide inflation, poor harvests, and the energy crisis. Domestic
prices have also shown a sharp increase. Like most economies in 1974,
the Taiwan economy was seriously affected by both inflation and reces—
sion (8, p. 179). During this period the cil~importing countries tock
measures to discourage imports and encourage erperts in order to over—
come their unfavorable balance of payments. These measures led to
sharper competition in the world market. Subzstantial increases in
domestic prices and wages in early 1974 further compcounded the pfoblem
in Taiwan. Hence, Taiwan's exports encountered more difficulty than

s & . . s s
ever before (8, p. 181}. B3 a resulh, the recegsion perxsisted into
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the later half of the year and worsened in 1975. Inflation and reces-

sion have continued to slow down the economic growth in recent years.

This is evidenced by a 0.6 percent increase in real GNP in 1974. This ’
increaée is the smallest in the past two decades. Several measures »//
have been taken to stimulate the economy, including lowering interest
rates and reducing taxes. With these measures in effect, the growth

rate of GNP increased to 2.8 percent in 1975. In 1974, Taiwan had a
per capita income of $811 (in U.S. dollars) as compared to $3449 in

Japan, $382 in Korea, $1511 in Portugal, $303 in Thailand, and $5951 in

the United States (17, p. 217).
The Structure of the Taiwan Economy

Agriculture and Industry

In 1975, agricultural products constituted 15.87, mining and manu-
facturing 36.42, commercial 11.65, government service 13.10, transporta-
tion and communication 6.18 and others 16.71 percent of the GNP. Major.
agricultural products in Taiwan include farm crops (rice, sweet potatoes,
peanuts, soybeans, corn, sugar, tea, tobacco, pineapples, bananas,
citrus fruits, asparagus, mushrooms and onions), livestock {(hogs, cattlie,
poultry and milk), fishery products (deep-sea, inshore and coastal
ficheries and fish-culture), and forestry (timber, industrial raw mate-
rial wood and fuel wood). The principal industrial products include
mining (coal, crude oil, natural gas, electrolytic copper, sulphur,
salt and gold), heavy and petrochemical products (paper and paper board,
rubber tires, plastic shoes, caustic scda, PVC resin, bars and shapes,

aluminum ingots, sewing machines, general machinery, textile machinery,
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agricultural machinery, electric fans, air conditioners, refrigerators,
washing machines, transistor radios, TV sets, recording machines,
electronic calculators, electronic components and parts, automcbiles,
motorcycles, bicycles, ships and vessels, fluorescent lamps), light
industry products (canned pineapples, canned asparagus, canned mush-
rooms, wheat flour, monoscdium glutamate, rayon staple, rayon filament,
poelyester staple, polyamicle filament, cotton yarn, cotton fabrics and
garments, knitted garments, plate glass, cement and plywood) (8, p. 189
and pp. 195-196). Agriculture and industry accounted for 35.51 and
19.42 percent of gross national product, respectively, in 1951, 31.04
and 24.72 percent in 19261, 18.49 and 33.78 percent in 1969, and 16.26
and 36.32 percent in 1975, respectively (16, pp. 28-29).

This pattern indicates a gradual shift from agriculture to indus-
try. Agriculture appears to be growing at a much slcwer rate than
manufacturing. This can be seen in a 4.3 percent average annual real
growth rate for agriculture as compared with a’16.0 percent for manu-

facturing (17, p. 27).

Consumption Patterns

Consumption constituted 54.87 percent of gross national product in
1975 (17, ». 81). There ig a significant change in the composition of
private consumption expenditure aleong with the change of income in
Taiwan (Table II). Expenditures on food accounted for 55.77 percent
of private consumpticon expenditure in 1951 and only 43.69 percent in
1975. While the percent of expenditure on food is declining, expendi-
.

tures on beverage, health, househcld, and transport show rising trends

with the excepticn of recreation.



TABLE II

THE COMPOSITION CF THE PRIVATE CONSUMPTION OF
THE TAIWAN ECONOMY, SELECTED YEARS®

12

Year Food Beverage Healthb Househo1d® Recreation Transportd
1951 55.77 1.92 3.93 11.63 3.27 1.39
1261 50.60 2.9% 6.11 12.9 2.11 1.31
1969 42.34 3.66 5.96 16.94 3.38 2.76
1975 43.69 3.44 5.25 15.87 3.88 4.05
Source: Directorate-General of Budget, Accounting and Statistics,

heousehold equipment, and household operation.

Republic of China.
Taipei, Taiwan:

a .
At current prices:

National Income of the Republic of China.

Executive Yuan, 1973, pp. 44-45.

unit = %; total private consumption

bHealth includes personal care and health expenses.

= 100.

c . 3 . . g
Household includes rent and water, furniture, furnishings and

d. . . .
Transport includes transport and communication.
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Pattern of Gross Domestic Capital Formation

Investment constituted 28.28 percent of gross national product in
1975 (17, p. 81). The structure of Gross Domestic Capital Formation
has also changed during the last two decades (Table III). While the
proportion of investment in manufacturing, transport, storage, and
communication has gradually increased, it decreased drastically in
agriculture, hunting, animal husbandry, forestry, and fishing. The
change in the proportion for housing and government services is insig-
nificant. This demonstrates that a large amount of capital was invested
in manufacturing, transport, storage, and communication, electricity,
gas and water, while a smaller amount was invested in mining, finance,
and insurance. By type of purchaser, both government enterprises and
general government investment declined, while private enterprises rose
substantially.

Apart from the above statistics, the government in Taiwan has
improved the investment climate since the early 1950's by easing govern-
ment controls; amending obsolete, obstructive legislation; simplifying
administrative procedures; improving the credit system; improving labor
management relations and providing tax incentives for investment. Té
specifically encourage investment, the government exempts qualified
investors from business income tax for five years and also exempts from
customs duty on imported machinery and equipment for basic industries.
Capital intensive and technology-intensive industries are encouraged.
Industrial districts with public utilities and services have been
developed in various parts of the island for the convenience of new

n

investors. VExport Processing Zones," similar to free trade zones,

encourage the growth of export industries through the exemption of
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TABLE III

2 CCMPARISON OF 1951 AND 1974 GROSS DOMESTIC
CAPITAL FORMATION OF THE TAIWAN ECONOMY2

By Industry Use 1951 1974
Manufacturing ‘ 27.44 43.84
Electricity, gas and water 5.15 14.06
Transport, storage and communication 12.22 12.75

Housing except owner-occupied, commercial, and

miscellaneous personal services . 8.87 6.99
Agriculture, hunting, forestry, and fishing 32.63 6.02
Wholesale and retail trade 3.25 7.91
Government services 4.40 2.40

Mining, finance, insurance, construction, and
other services 6.04 6.03

Total 1060.00 100.00

By Type of Purchaser

Private Enterprises ‘ 45.21 59.42
Public corporation and government enterprises 39.31 30.86
General government _15.48 9.72

Total 100.00 100.00

Source: Directorate-General of Budget, Accounting and Statistics,
Republic of China. National Income of the Republic of China.
Taipei, Taiwan: Executive Yuan, 1975, pp. 51-52.

a . . . . -
At 1971 constant prices: unit = %; gross domestic capital forma-
tion = 100.
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import duty for machinery and equipment, raw materials, and semi-
finished products in addition to the normal exemption of commodity,
business, and other taxes provided to the export manufacturers. Land,
public utilities and services, as well as standard factory buildings,

are also made available to investors (7, p. 199).

The Structure of Governmental Revenues

and Expenditures

For the past two decades, the composition of government current
revenues has greatly changed (Table IV). Indirect taxes as a percentage
of current revenue rose rapidly until 1969 and then declined substan-
tially after 1969. Income tax revenue, however, shows a steady increase.
The figures in Table IV reflect a rapid increase of income tax and profit
tax and a substantial decrease in the indirect taxes since 1969. The
decline in transfers from abroad, as given in Table IV, were due to the
phaseout of U. S. military aid in 1965 (7, p. 105).

In recent years, the percentage of government consumption in terms
of current expenditure and saving gradually decreased. Government. sav-
ing increased siightly (Table V). General administration and defeunse
gradually decreased as shown in Table VI. On the other hand, expendi-
tures on education, health and welfare have drastically increased

(Table VI).

The Structure of Imports and Exports

The exports and imports as a percentage of Gross National Product

(GNP) from foreign trade are 35.77 and 31.96 percent, respectively, in

1975 (Table I and Table VII). These figures indicate that about



TABLE IV

THE COMPOSITION OF GOVERNMENT CURRENT REVENUES
OF THE TAIWAN ECONOMY, SELECTED YEARS®

Current
Property Indirect Taxes Business Income Tax Transfers Current
and and Revenues Profit from Private from Private Transfers
Year Enterprise from Moncpolies Taxes Institutions Institutions from Abroad
1951 14.70 43.13 6.70 3.01 : 6.33 26.13
1961 13.42 51.92 4.70 4.71 4.52 20.73
1969 18.91 64.24 2.37 5.39 7.43 0.66
1275 13.93 60.93 8.05 8.72 8.25 0.12
Source: Directorate~General of Budget, Accounting and Statistics, Republic of China. National

Income of the Republic of China. Taipei, Taiwan: Executive Yuan, 1975, pp. 32~33.

a . . :
At current prices: unit = %; total current revenue = 100.

9T
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TABLE V

THE COMPGCSITION OF GOVERNMENT CURRENT EXFENDITURE
AND SAVING OF THE TAIWAN ECONOMY,
SELECTED YEARS®

Current Expenditure

Other Current

Year Consumption Expenditureb Saving
1951 81.46 1.49 17.05
1261 82.32 . 3.46 14.22
1969 77.50 3.83 ‘ 18.67
1975 68.23 3.48 28.29

Source: Directorate-General of Budget, Accounting and Statistics,
Republic of China. National Income of the Republic of China.
Taipei, Taiwan: Executive Yuwan, 1975, p. 33.

%At current prices: unit = %; total current expenditure and
saving = 100.

bother current expenditure includes current transfers to house-
holds and private non-profit institutions, interest on public debts,
and current transfers to the rest of the worid.



TABLE VI

THE COMPOSITION OF THE GOVERNMENT CONSUMPTION EXPENDITURE
OF THE TAIWAN ECONOMY, SELECTED YEARSZ

General Administra- Justice Economic Transportation and
Year tion and Defense and Police HEW Development Communication Others
1951 ©9.03 4.57 8.08 1.95 2.15 14.21
1961 68.48 4.85 156.47 2.39 2.51 5.30
1969 55.12 4.40 12.00 4.40 1.99 15.09
1875 52.06 4.69 22.11 3.36 1.07 ' 16.71

Source: Directorate~-Generzal of Budget, Accounting and Statistics, Republic of China.

Natiocnal Income of the Republic of China. Taipei, Taiwan: Executive Yuan,
1975, pp. 36-37.

a . . . .
At current prices: unit = %; government consumption expenditure = 100.

bHEW includes education and research, public health, and social security benefits.

8T



TABLE VII

GROWTH OF EXPORTS AND IMPORTS OF
THE TAIWAN ECONOMY, 1951-19752

Exports Imports
Amount Increase Amount Increase

Yeaxr ) (NT $ Million) (%) (NT $ Million) (%)
1951 45.18 —_——— 69.47 —-—
1952 49,93 10.51 92.56 33.24
1953 60.05 20.27 98.51 6.43
1954 45.11 -24.88 102.81 4.37
1955 55.63 23.32 87.01 -15.37
1956 60.12 8.07 108.21 24 .37
1957 68.09 13.26 113.14 4.56
1958 82.88 21.72 135.14 19.44
1959 86.80 4.73 138.49 2.48
1960 99.74 14.91 148.30 7.08
1961 113.95 14.25 164.57 10.97
1962 123.30 8.21 182.43 10.85
1963 163.79 32.84 187.97 3.04
1364 200.08 22.16 226.41 20.45
1965 250.16 25.03 286.80 26.67
1266 296.94 18.70 298.9¢ 4.24
1967 246.50 -16.99 377.71 26.34
1268 436.21 76.96 493,05 30.54
1269 545.73 25.11 571.40 15.89
1870 687.15 25.91 697.85 22.13
1971 917.44 33.51 852.61 22.18
1972 1216.13 32.56 1009.14 18.36
1973 1505.78 23.82 1232.12 22.10
1974 1287.02 -~ 7.89 1458.36 18.36

1975 1212.06 -12.61 1082.73 -25.76

@
Source: Directorate-General of Budget, Accounting and Statistics,
Republic of China. National Income of the Republic of China.
Taipei, Taiwan: Executive Yuan, 1575, pp. 61 and 128.

®at 1971 prices.
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one~third of GNP in Taiwan relies on foreign trade. Like other develop—
ing countries, foreign trade in Taiwan has been under strict government
control.5 buring the past two decades, exports (except 1957, 1974, and
1975) and imports (except 1955 and 1975) have shown a rapid expansion
{(Table VII).

The composition of imports and exports, however, has drastically
changed (Table VIII). The proportion of capital equipment imports has
gradually increased while consumers goods has decreased relatively.

The exports of processed products originally ranked first, agricultural
products next and industrial products last. However, in 1974, indus-
trial products accounted for 84 percent of total exports while processed
agricultural products (11 percent) and agricultural products (5 percent}
accounted for only 16 percent. Major export items in 1974 included
textiles, electrical machinery and supplies, plywood, wood products and
furniture, machinery and general metal products, basic metals, fishery
products, sugar and sugar products, bananas, canned asparagus, petroleum
products, canned pineapples, rubber products, cement and cement products,
transportation equipment, paper and paper products, fruits, glass pro-
ducts, plastics and plastic products (8, p. 203). HMajor import items
in 1974 included machinery tools, electrical products and equipment,
basic metals, chemicals, gransportation equipment, cotton and man-made

»
fibers, soybeans, timber, wheat, crude oil, corn, food, beverage and
tobacco, pulp, paper and paper products, raw materials for plastics,

medical supplies, dyestuffs and pigments, and wool (8, p. 204).

V Money and Banking

Banks in Taiwan can be classified as central government banks,



TABLE VIIT

THE COMPOSITION OF IMPCRTS AND EXPORTS OF
THE TAIWAN ECONOMY, SELECTED YEARSE

Imports Exports
Capital Agricultural Consumer Industrial Processed Agricultural
Equipnment and Industrial Product Product Agricultural Product
Year Raw Material _ , Product
1957 21 72 7 13 .71 16
1961 26 64 10 41 44 15
1969 35 6l 4 74 17 9
1974 32 62 6 84 11 5

Source: Directorate-General of Budget, Accounting and Statistics, Republic of China. National
Income of the Republic of China. Taipei, Taiwan: Executive Yuan, 1975, p. 63.

®At current prices: unit=%; total imports = 100; total exports = 100.

1 %4
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local government banks, commercial banks, development banks, and foreign
banks (8, pp. 212-220).

The central government banks include the Central Bank of China,
Bank of Communication, Farﬁers' Bank of China, Central Trust of China,
and Postal Remittances and Saving Bank. The Central Bank of China is
the banks' bank. Its major functions include the regulation of money
and credit, management of foreign exchange, issuance of currency, acting
as fiscal agent for the central government, bank examinations and
eccnomic research. The Bank of Communication is an industrial bank and
responsible for industrial development. The Farmers' Bank of China
specializes in agricultural firancing. The Central Trust of China acts
ag a purchasing and marketing agent for the government as well as for
publiic and private enterprises.

Lecal government banks include the Bank of Taiwan, City Bank of
Taipei, Land Bank cf Taiwan and Cooperative Bank of Taiwan. Established
in 1946, the Bank of Taiwan handled a numgér of central banking cpera-
tions during the period from 1949 to June, 1961. It acts as the agent
for the Central Bank of China in currency issuance and treasury; it
also acts as the fiscal agent for the provincial government. It is a
commercial bank with emphasis on financing industries and foreign trade
and exchange transactions. The City Bank of Taipel, owned by the Taipei
Municipal Government, acts as the fiscal agent of the Taipei Municipal
Government and handles the flotation of city bonds. The Land Bank of
Taiwan specializes in land and agricultural financing. The Cooperative
Bank of Taiwan functions mainly as a central banking institution for

cooperatives.
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There are also six commercial banks, two development banks, and
twelve foreign banks in operation in Taiwan. All the banks (except
foreign banks) in Taiwan are operated under the branch banking system.
They all engage in multiple banking operations, including regular com—
mercial banking. Most of them have foreign exchange departments as
well as savings departments.

Money supply was controlled by the Bank of Taiwan before June,

1961, and more recentiy by the Central Bank of China.

Transportation and Communicaticn

Transportation and communications include railroad, highway, tele-
comumunications, postal service, waterway transportation, harbors, air
transportation, meteorology and tourism. In response to the increasing
demands on transportation and communications resulting from fast-growing
economy and population in Taiwan, in 1974 the government undertock ten
major construction projects. Six projects are related to transporta-
tion--The Tailwan Area North-South Freeway, West Trunk Line Electrifica-
tion Project and North Link Railway Construction, Taichung Harbor
Construction, Suao Harbor Construction and Tao-yuan International
Aixport Construction. These projects are expected to be completed by

1878,
Summary

Taiwan is not endowed with rich natural resources; however, the
government in Talwan has carried out a series of four-year economic
pians for economic develcpment. During the past twoe and one-half

been a rapid growth in the economy. This is

i
-

e
S
p
0]
5
D
[
)
]
2]
C
e

decades



24

evidenced by an 8.15 percent of annual increase in real Gross National
Product. Per capita income also grew substantially with an average
annual increase of 4.42 percent. Several factors contributed to this
rapid economic growth including a stable political situation, U. S. aid,
a substantial increase in investment and a significant increase in the
quantity and quality of labor.

With regard to the price level, it has shown an upward trend for
the past two and one-half decades. In 1974, the economy experienced
both inflation and recession which worsened in 1975. As a result, the
economic growth has slowed in recent years.

There was a gradual shift from agriculture to industry; a decline
in the percent of expenditure on food with a rise of expenditures on
beverage, health care, household and transport; a change of capital
formation toward manufacturing and away from agriculture; a rapid in-
crease in revenue from the income and profit taxes and a substantial
decrease in the indirect taxes. Governmental current revenue still
relies heavily on indirect taxes. In addition, while government expend-
itures on general administration and defense have gradually decreased,

expenditures for education, health and welfare have increased.



ENDNOTES

lStrictly speaking, Taiwan province is comprised of 78 islands.
There are 14 in the Taiwan group and 64 in the Penghu group, also known
as Pescadores.

2The total population, tabulated at the end of the third quarter
of 1975, was 16.03 million. Its growth rate was estimated at roughly
three percent. The density was about 440 persons per square kilometer.
Two million were from the mainland and fourteen million were native-
born. By age groups, 37 percent were under age 15, 51 percent were
between 15 and 59, and 12 percent over 60. By occupation, 37 percent
were in agriculture, 22 percent in industry, and 41 percent in commerce,
service, and other areas.

3The figures are calculated from those on page 808 in Statistical
Abstract of the United States, 1975.

4Exports of goods and services increased 24.8 percent in 1974 and
decreased 6.4 percent in 1975; at the same time, imports of goods and
services increased 66.1 percent and decreased 14.0 percent in 1975
(16, p. 9).

5The international trade in Taiwan is not free. Besides tariffs,
exchange controls exist. During the period 1953 to 1964, Taiwan suffer-—
ed balance of payments deficits and foreign exchange shortages. As a
consequence, the government imposed imports control. Exporters were
lLicensed and asked to surrender their foreign exchange to the control
authority. The importers' foreign exchange were rationed in accordance
cf trade merits and/or quotas. After 1964, there were trade surpluses,
hence the government decided to ease the import controls step by step.
Since then, the policy has shifted from import controls to export
prowcticon.
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CHAPTER TIIX

A REVIEW OF EARLIER ECONCMETRIC MODELS

OF THE TAIWAN ECONOMY

In this chapter, three earlier macroeconometric models of Taiwan
are discussed. The models are: (1) a small scale macroeconometric
model of Taiwan constructed by T. C. Liu in 1965 {6, vp. 770-776); (2)
the macroeconometric model constructed by the United Nations Economic
Commission for Asia and the Far East in 1967 (65, pp. 164-232); and (3)
a macroeconometric study of Taiwan by Sesks in 1972 (57). Summaries of
these models are given in Tables IX, X and XI, respectively.

Liu's model was oxriginally cons cted in regard to the fourth foui-
year economic plan. The model consists of nine eguations. Seven are
behavioral equations—-the consumption (C), private investment (Ip),
gqovernment investment (ILg), imports (M}, inveuntory V), government
current revenues (T), and depreciation and business saving functions

y

(sb). wo are definitions, namely, the disposable income (Yd) and the
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The ordinary least squares (OLS)

method was used for the estimation of the kzshavicral equations. From

these nine structural eguations, it is possible to derive the reduced
form equetions that express the endogenous variahles for income, con-

suwoption, private investment, government investment, imports, and
governmant curxrent revenuas, etc, in terms of the predetermined vari-

ables (including exogencus and lagged endogencus varlables). Given the
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v456- 1914
TABLE IX
THE LIU MODEL
Behavioral Equations /
(1) C = O.GlOY%i+ 0.170C_.; +-.9.151 R2 = 0.9888
(.217) (.317)
(2) Ip = 0.132Y - 0.125R + 0.320Ip-1 - 4.010 R2 = 0.9526
(.054%  (.079) (.262)
(3) Ig = 0.018Y + 1.051Ag + 0.667Ig_7 - 1.605 R2 = 0.9816
(.018) (.184)2 (.167)2
(4) M = 0.115Y + 0.519M_7 ~ 3.106 R2 = 0.9886
(.046)a  (.227)

(5) vV = 0.020Y

(6) T = 0.144Y

(7) Sb = 0.070Y

Identities
(8) ¥Yd =Y - Sbh - T+ Tr
(9) Y=C+ (Ip+Ig+V) + G+ (X - M)
Endogenous Variables

Y = GNP

C = consumption
Yd = disposable income

Ip = private investment

Ig = government fixed Investment

M = imports

V = inventory

T = government current revenues

Sb = depreciation and business saving
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TABLE IX (Continued)

Predetermined Variables

Exogenous Variables

R

real interest rate (T)

Ag = U.S. aid for government fixed investment
G = government consumption
X = exports

Tr = transfer payments

Lagged Endogenous Variables

C—l = C lagged one period
Ip_l = Ip lagged one period
Tg 4 = Ig lagged one period

M—l = M lagged one period

Source: Ko-Wie Chang, Economic Development in Taiwan (Chinese ed).
Taipei, Taiwan: Chun-Chung Book Company, 1970, pp. 770-776.

%1ndicates that the t ratio of the parameter estimate is signifi-
cant at the 5% leveél of significance. The numbers in parentheses be-
neath the parameter estimates are the corresponding standard errors.
R2 is the coefficient of multiple determination.
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TABLE X

THE U.N. COMMISSION MODEL

Behavioral Equations

t-1

(1) ¥D = 39,677.00 + 0.4978 ] I, +u, B2 = 0.9900
4=0 a = 0.8700
(0.0045)™ s = 1122.5000
(2) Cp = 4,158.73 + 0.6 YD + u, R? = 0.9769
(0.0088) a = 1.0100
s = 1126.9400
(3) Cg = 891.44 + 0.1970 ¥D + u, &% - 0.9042
(0.0608) a = 0.5200
s = 775.9000
- »
(4) )} Ji=18,375.27 + 0.5310 ¥D + u, R =  0.8100
i=0 (0.0033)% d = 1.3700
s = 420.6800
(5) log Bt = 3.5526 + 0.04593 t + u, R? = 0.7430
(0.00255) a = 1.0900
s = 0.0889
(6) M = 5,930.28 + 0.2798 ¥D + u, 2 - 0.7869
(0.0137) 4 = 0.7600
s = 1749.2900
(7) F = 45.8L + 1.063 (t - 1952) + u, 7 = 0.3950
(1.166) 4 = 1.2400
s =  40.6200
Identities
(8) Y=YD + F
t t-1
(9) Jt= ) Jt- ) Jt
i=1 i=1

(10) YD =Cp +Cg + I +J+E-M
Endegenous Variables

YD

gross domestic preoduct (GDP)
4]

Cp = private consumption expenditure

Cg = general govermment expenditure



30

TABLE X (Continued)

Endogenous Variables (Continued)
J = increase in stocks
E = exports of goods and services
M = imports of goods and services
F = net factor income from abroad
Y = gross national product (GNP)
Predetermined Variables

Exogenous variables

I = gross fixed domestic capital formation
t = time
1 = constdnt term

Source: U.N. Econcmic Commission for Asia and the Far East. Sectoral
Aspects of Long-Term Economic Projections With Special Refer-
ence to Asia and the Far East. Bangkok: U.N. Econcmic Commis-

sion for Asia and the Far East, 1367, pp. 167-170.

®Indicates that the t ratio of the parameter estimate is signifi-
cant at 5% level of significance. The numbers in the parentheses be-
neath the parameter estimates are the corresponding standard errors.
R2 is the coefficient of multiple determination corrected for the degree
of freedom. d is the Durbin-Watson statistic for the test of first-
order auto~correlation in the disturbance terms. s is the standard
deviation of the estimated regression equation.
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THE SEAKS MODEL
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Summary of the Econometric Model
(As Estimated by 2SLS)

Behavioral Equations

(1)

(3)

(4)

(6)

0 = .4101
C 10 C_l

(.0938%  (.0692)%

IP = .2333GDP - .0982K
(.0563)2 (.0394)2

W = .2766NI + .2817NI_l
(.1027)*  (.1131)2

M= .9251M , + .2957I -

(.1542)2 (1295)@

+ .6509IP_
(.1729)8

- 4248

1459

+ .4916(P + W) + 2761

1

- 8955 ’

X = .3582IWT-F.5888WPI-—.1485PTE4-1.7OZIQ_

(.0615)%  (.1916)°

D = .0112GDP + .9472D_l

(.0123) (.1917)2

Identities

(7)
(8)

(9)

I =1IP + IG

NI = GDP -~ D - T

P=NI~-W-~- 2

(10) GbP = C + I + G + X - M

(1%)

X =K + I - D

Endogenous Variables

C

Ip

W

il

il

consunption
gross private investment

private wage bill

(.0399)2

- 225,

9

(.391)2

;UN UJQz;UN U]D.!wt\.) UJQJ;UN

N D

1—71050 R

0 Q»xk) n

Il

il

.999
2.013
708.900

.986
2.095
1078.400

.998
.831
784.300

.988
2.142
1670.600

.994
2.517

= 1396.100

il

.998
1.582
144.700



32

TABLE XI (Continued)

Endogenous Variables (Continued)

M = imports

X = exports

D = depreciation

I = total gross investment
NI = national income

P = profits
GDP = gross domestic product

K = capital stock

Predetermined Variables

Exogenous Variables:

IWT = index of world trade (1964 = 100%)

WPI = world price index (1964 = 100%)

PTE = price index of Taiwan exports (1964 = 100%)
1 = constant term

Policy Variables:

IG = government investment
G = government spending (exclusive of investment)

T indirect taxes

Il

Z = government income from property and entrepreneurship

Lagged Endogenous Variables:

C-l' K-l' IP_l, NI_l, $G—l' and D—l
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TABLE XI (Continued)

The Birth Rate Model

(12) BR = —4.225FP-+2.314CMR_1-+1.265DR_24-11.46 R2 = .960
(.669)% (1.268) (.443)3 d=1.611
BR = bhirth rate per one thousand population
FP = government real per capita expenditure on family
planning in constant 1964 new Taiwan dollars
CMR_l = crude marriage rate per thousand population.
lagged one period
DR_2 = crude death rate per thousand lagged two years
2
(13) BR = -1.471TIME + .O936CMR__l - 1.023DR_2 + 44.64 R = .980
(-10.51) (.11) (-2.39)

Source: Terry Gilpin Seaks, "An Econometric Model of Taiwan, 1952-
1972" (Unpub. Ph.D. dissertation, Duke University, 1972.)

aIndicates that the t ratio of the parameter estimate is signifi-
cant at the 5% level of significance. The numbers in the parentheses
beneath the parameter estimates are the corresponding standard errors.
R? is the coefficient of determination. d is the Durbin-Watson statis-
tic. s is the satndard error of the regression equation.
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values of the exogenous variables, it is then possible to calculate the
values of endogenous variables. To formulate the optimum policy measure
for achieving the predetermined growth rate with Liu‘s model, policy
makers must consider: (1) the potential for domestic economic develop-
ment; (2) the possibility of foreign aid; and (3) the potential effects
of various economic growth rates on domestic income, employment, and
balance of payment, etc.

Liu’s model is unsatisfactory in several respects. For one thing,
it is bhased on data for the 1956-1964 period. This means that the

sample size is relatively small. The model is based on unpublished data

gathered by the Council of International Economic Cooperation and Devel-
opment which do not always correspond to those published by the
Directorate-General of Budget, Accounting and Statistics, Republic of
China (ROC) an official--and possibly more reliable-—agency in Taiwan
(57, p. 9). Although no money sector is included, the interest rate is
included in the private investment equation (Ip). His model is stable
(see Appendix B for a more detailed analysis on Liu's model).

The U, N. Commission's model was constructed to estimate the final
demand for gocds and services. These estimates were then used in the
construction of an input-output table for long-term sectoral projec-
tions. The model consists of seven behavioral equations--the gross
domestic product (YD), private consumptiocn (Cp), government consumpticn
(Cg), inventory stock (J), export (E), jluwport (M), and net income from
abroad () Functions and three definitions or identities--the GNP (Y),
GDP (YD)}, and inventory investment (J) identities (see Table X for the
variables and equation forms). The structure of the model was estimated

r the iterative least sguares method (65, p. 171). Unfortunately, the
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model is poorly specified. Seven equations are estimated over eleven

vears (1953 to 1963) with merely one independent variable in each

equation. In addition, GDP is used in four of the seven stochastic
equations (private consumption (Cp), government consumption (Cg), in-
ventory stock (J) and import functions (M)) with two equations (export
(E) and net income from abroad (T) functions) involving a time trend
(t) and one (GDP) using the lagged capital stock. The model is unsatis-
factory for two reasons. First, nearly every variable estimated is
highly correlated with GDP (57, p. 7), making this set of equations of
little explanatory value. Second, the Durbin-Watson statistics given
are all very low, possibly as a result of serial correlation in the
errors and the effects of some explanatory variables being ignored (57,
p. 8 and 9, p. 108).

Seaks' model, based on data for the 1952-1970 period, is the most

e

recent macroeconometric study of Taiwan. It contains eleven simulta-
neous linear difference equations of which six are behavioral equations
(consumption (C), private investment (IP), wage income (W), impoxrts (M),
exports (X) and depreciation (D)). Five are identities (total gross
investment (I), national income (NI), profits (P), gross domestic prod-
uct (GDP) and capital stock (K)). Two separate equations are given to
describe the birth rate and population (Table XI). The model was esti-
mated by two-stage least squares (2SLS) and a variant of three~stage
least squares (57, p. 127). Although Seaks' modal is more complete
than the other models, it has some shortcomings. First, the consumption
function is regressed on profits and private wage bill (P+W) and con-
sumption lagged one period (C.j) instead of disposable inceome (Yd) and

consumption lagged one pericd (C_q). The adoption of (P+W) as a proxy
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to replace Yd is theoretically unjustifiable since data for Yd are
available in the national income statistics of the Republic of China
(see 15, p. 71 and pp. 122-125; and 16, pp. 114-115). Second, as in
the previous models, Seaks made no attempt to incorporate the price
level and money market into his model. Seaks claimed that any attempt
to estimate conventional egquations for the monetary sector proved rather
unsuccessful (57, p. 31). To support his argument, he further cited
Chu's et al. study in which the equations estimated suffered severe
auto-correlation by including both price and monetary variable.l‘ Al-
though several other empirical studies with a focus on the demand or
expenditure side of the economy for shortrun forecasting purposes also
exclude the money market, it is the writer's belief that monetary equa-
tions are essential in order to capture the repercussions of the money
market on the real sector. Third, Seaks model is found to be unstable
(see Appendix C for the results cf the DYMULT analysis on his model).
This indicates a serious error in his model specification which sub-

sequently leads to poor model performance (54, p. 311). The predictivefDl”ﬁépg

————

ability of Seaks' model is compared with the writer's model in Chapter
VI.

The earlier models implicitly assume no structural change in the
Taiwan econcomy. Since the writer suspects that the rapid transition
from an agriculture-criented to industrialized economy may result in
structural change, it 1is necessary to examine this possibility. If
structural change has occurred, a forecasting model hased on the entire

period is likely to yield inaccurate forecasts.



CHAPTER IV

THE STRUCTURE OF THE MODEL

In specifying a macroeconometric model, we must take assumptions
about the operation of the economy. Economic theory often indicates
which relationships make up the model, which variables should be includ-
ed in each of the relationships and the signs of many of theé partial
derivatives. However, economic theory falls short in specifying the
functional form of the relations, the time lags, and the values of the
parameters. It does not allow for the presence of stochastic distur-
bances since all relations are given in deterministic form (40, p. 532).
Nor does economic theory take a specific eccnomy into consideration.
Thus, eccnomic theory is of assistance in model constxruction; however,
empirical results must be considered and discretion must be used in
constructing a model.

The size of a model depends on its purpose. For short-term fore-
casting, a model might contain only four equations (26, p. 230). Ac-
cording to Kogiku (41, pp. 186-197), Kuh (42, p. 5) and Muench (48,
pp. 127-175), more than twe-hundred equations may be necessary to des—
cribe the economy of a well-developed country in detail.

In a developing economy such as Taiwan, data are oftten limited.
Because of data limitations and limited resources available to the
author, a system of 13 egrations is specified in this study. Therxe are

13 endogsnous variables in the system. The eight behavioral equations
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are those for consumption, private investment, taxes, depreciation,

imports, wage income, the price level and the interest rate. The other
five are identities which close the system; these are for gross invest-
ment, the inflation rate, the capital stock, disposable income and gross

domestic product (Table XII).

Specification

Behavioral Egquations’

Consumption (C). Friedman's permanent income hypothesis purports

to explain consumption behavior as a function of permanent income (24).
During any particular time period, the observed consumption expenditure
of a spending unit is assumed to differ randomly from its true permanent
consumption due to such transitory factors as the timing of outlays for
durables, vacations, emergencies, and similar causes. The observed
level of income will also differ from its permanent level due to such
factors as the timing of receipts and fluctuations in economic condi-
ticng. Over longer periods of time, these short-run factors smooth out
and reveal underlying relationships of a wmore permanent nature (53, p.
£5). Specifically, the hypothesis states that permanent expenditures

of a spending unit eqgquals the product of permanent income (Yn) multi-
E~

HJ
et
tein
]
£
et

w the frastion of Yo consumed (k), where k is a function of the
interest rate the spending unit would earn or pay when it lends ocx
borrows (i), the ratic of non~human wealth to permanent income (w), and
a number of factors such as spending unit's tastes, age, family composi-

ion, etc. {U). The hypothesis can be written as:

o
[

= k{i, w, U)y‘P
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TABLE XII

SUMMARY OF THE SPECIFICATICN OF THE MODEL

Cc = blo + blle,+ blZC_1 + u, (1)
Ip = b20 + b21Y + b22RR + b23Ip_l + u2 (2)
T = Dby, + by ¥+ (3)
D=b, +Db, K, +u, ' (4)
M = b50 + bSlY + b52RMP + u5 (5)
W=D+ b ¥+ u (6)
Py = b70 + b7lMs + b72Pm + u7 (7)
R = b80 + b81Y + b82(Ms/Py) + u8 (8)
I =1Ip + Ig (9)
INFL = 10C(Py - Py_,)/Py_; (10)
= 10022 - 100, where Z2 = éy/Py_l o . {10.1)
K=K, +I-D (11)
¥Yd =Y -D-T+ Tr (12)
Y=C+IT+GCG+X-~-M (13)

. &
Endogenous Variables
C = real private consumption
Ip = real gross private inveastment

direct and indirect taxes

+3
i
]
[0
o)
i

D = real depreciation

M = real ilmports

i

W

real wage income
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Py = price level (implicit price deflator for Taiwan's
GNP, 1971 = 100)

R = nominal rate of interest (in terms of percent)
I = real gross investment

INFL actual rate of inflation (in terms of percent)

I

K = real capital stock
Yd = real dispcsable income
Y = real gross domestic product (GDP)
RR = R - INFL
RMP = 100 (Py/Pm)
Predetermined Variables®

Exogenous Variables

Ms nominal money supply (in N.T. millions dollars)
Pm = implicit price deflator for Taiwan's imports, 1971 = 100
ig = real governmental investment in capital goods

Tr = real transfer payments to households and private instituti

G = real government expenditure excluding governmental capital
investment

X = real exports

tagged Endogencus and Exogenous Variables

C«l = real consumption lagged one period

Ip_l = real private investment lagged one period
K—l = real capital stock lagged one period
Py_l = price deflator for GNP lagged one period

ons

All real veriables are in real terms in millions of N.T.
at 1971 prices uniess otherwise stated.

dellars
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Assuming this relation can be applied to every common unit in an econ-
omy, the aggregate consumption function can be given as:

Cp = K{i, w, U)YP '

where ¥ wmay be interpreted as a function of the mean values cof i, w, and
U (53, pp. 66-69).

In his empirical study with time series data, Friedman approximates
o by real consumption (C) and Yp by the weighted average of past and
vresent income with exponentially declining weights. Thus, the aggre-

gate consumption takes the form:

C, = rxr + K(¥

£ )

C T pt
where r = 0, and K = 0.88. This K value corresponds closely with the
value of the observed average propensity to consume (APC = 0.877) over
the sample pericd (53, pp. 74-75).

In contrast to Friedman's hypothesis, most Keynesian fermulations
assert that real consumption is a functioa of real disposable income
with an unvanishing constant term. For example, Christ specifies real
consumption as a linear function of disposable inceme and reazl consump-—

tion lagged one period (12, p. 582). This formulation is a compromise

between the absolute and permanent income concepts. The consumption

ot

agged one period in Christ's formulation is equivalent to Friedman's
formulation by making consumption dependent on a set of all past values
of dispcsable income with geometrically declining weights. This is
analogous to Priedman's oviginal scheme in which consumpticn depends
on pragaent and past income with a seventesn-year scheme to capture

1l

the effects of The inclusion of consurpticn lagyed one

Lt}
bre]
s}
[
Iy}
i
]
i3
o
=]
D
°

perind implies a type of Koyek transformation cof a distributed lag



model; it assumes that recent values of disposable income are weighted
more heavily than those of the remote past with effects of past values
of disposable income diminished through time at constant geometric
rates.l

Liu and Seaks also contend that the real consumption function is
a linear function of real disposable income and real consumption lagged
one period.2 Their formulations have a very good ezplanatory power as
indicated by the very high coefficients of determination (Rz) in their
studies. Thus, this writer specifies the consumption function as

follows:

+ u (1)

= C
C=byy+b,¥d +b C o +u

10

where C, Yd and C_. denote real consumption, real disposable income and

1

real consumption lagged one period, respectively. The blo is a constant
term. The b’l is the marginal propensity to consume (MPC) out of the

4.
disposable income and uy is the disturbance term. The signs and magni-

tudes of blo and b12 are expected to be positive and 0 < bll < 1.

The data for C and Yd are, respectively, consumption expenditures
and disposable income in real terms (1971 prices). Since the original
data for Y& are not consistent with other data, Yd is derived from the
following identity:

Yd =Y ~-D-T+ Tr
where ¥d, ¥, D, T and Tr are, regpectively, disposable income, gross

domestic preduct, depreciation, taxes, and transfer payments in real

terms (1971 prices) (see detailed discussion on data in Appendix A).

Investment (I). In Tailwan, both vrivate and governwent investment

are imporitant. For this reason, investment ig divided into two compo-

nents: private investment (Ip) and govermment investment (Ig).
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According to the neoclassical theory of investment as expounded by
Jorgenson, the desired capital stocks, hence, investment, are functions
of output and user cost of capital (3¢, p. 174; 53, p. 104). Following
Jorgenson, output is assumed to be a determinant of the private invest-
ment. Expectation of the desired stock will not be a function of
current GNP alone (57, p. 23). Past values of GNP also enter into the
consideration as entrepreneurs plan their capital spending, particularly
where the gap between the desired and actual capital stock lagged one
period is not entirely closed in any one year (12, p. 583-584). Follow-
ing this reasoning, it seems necessary to introduce a lagged value of
Ip on the right-~hand side of the equation.

Regarding the user cost of capital, the real interest rate should
be included in investment function. According toc Friedman, when there
is a general expectation of price changes, the real rate of interest is
more relevant to investment; hence, the real interest rate should be
used (25, p. 39).

Theoretically, the real interest rate equals the nominal interest
rate minus the expected rate of inflation (25, p. 36). Since the data
on the expected rate of inflation is unavailable, the actual rate of
inflation is used as a proxy in the present study. Hence, real interest
rate (RR) is defined as:

RR = R -~ INFL
where R is the nominal rate of interest and INFL is the actual rate of
inflation. The actual rate of inflation (INFL) is defined as:

INFL = 10C (P -

P__.)/P
Y y=1i / y-1

where P, is the implicit price deflator for Taiwan's GNP (1971 = 100).
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Thus, the private investment is specified as:

Ip = b,, + b, .Y + b22RR + b

20 ¥ P21 tu (2)

23tPp ¥
where Ip, Y, RR and u, are designated for real private investment,
real GDP, real interest rate, and the disturbance term, respectively.

The signs of b and b2

51 are expected to be positive and b to be

3 22

negative.

Regarding the data for this equation, real GDP is used instead of
real GNP since it is desirable to work with the total product of Taiwan
exclusive of net factor income from the rest of the world. In the case
of Taiwan, the real GDP differs only slightly from the real GNP. The
Ip data consist of fixed capital formation for private enterprises and
for households and private non-profit institutions. These data are
deflated by the implicit deflator for fixed capital formation. The Ip
data also contain the increase in stocks for the private enterprises:
the data are deflated by the implicit deflator for increase in stocks.

In Liu's model, government investment is an endogenous variables.
In contrast, Seaks assumed government investment to be exogenous.
Because of the difficulties in specifying the appropriate government
investment function, government investment is assumed to be exogenous
in this study. The Ig data consist of the fixed capital formation for
public corporations (including government enterprises) and for general
government; both are deflated by the implicit deflator for the fixed
capital formation. 1In addition, Ig data contain the increase in stocks
for public corporations (including government enterprises); these data

are deflated by the implicit deflator for increase in stocks.



Tax Eguation (T). Theoretically, the aggregate tax function is of

the form T = £(Y). This can be approximated by a linear function of
either T = tO + tlY or T = tlY. In Liu's model, taxes are assumed pro-
portional to income. 1In Seaks' model, taxes are assumed exogenous.
Neither formulation is convincing. It appears that both the income tax
(a direct tax) and the sales and excise taxes (indirect taxes) are
related to the level of income; thus, income should be included as an
explanatory variable in the tax equation. However, since tax receipts
may not be proportional to income, the more general form T = t0 + tlY

is postulated. Thus, the tax equation is specified as:

T =D +blY+u (3)

30 3 3
whaere T and Y are real taxes and real GDFP, respectively. The terms

b.,

0’ bﬂl, and u, represent a constant term, the marginal rate of taxa-
3 . 2 X

tion and the disturbance term, respectively. The sign of b is expect-

31
ed to be positive.

Regarxding the data for the equation, T contains indirect taxes,
business profit tax, and direct taxes. These data are deflated by the

implicit deflator for the gross national product since the deflator for

taxes is not available. Y is real gross demestic product (1971 prices),

Depreciation (D). In his survey, study of investmeni behavior,

Jorgenscn contends that capital replacement is preporticnal to actual
capital stock (37, p. 1112). Similarly, Christ argues that depreciation

i

g a linear function of the existing capital stock (12, p. 583). Thus,
it is assumed that the current yvear's depreciation depends upon previous
end-of-yvear capital stock. In a particular linear functional form, a

o

constant term can be added. The equation for depreciation can ke



expressed as follows:

D=b, _ + b4lK—l + u {4)

40 4

where D is the real depreciation and K_

1 is the previcus end-of-year

and u, denote a constant, the

real capital stock. The terms b b41' 4

marginal rate of depreciation, and the disturbance term, respectively.

The sign of b is expected to ke positive.

41

Concerning the data for the depreciation, D is the real deprecia-
tion, defined as provision for fixed capital consumption in real terms.

Assuming that X_. is the real net private demestic cspital stock on

1

December 31 of the preceding year (defined as cumulated net investment

= 0), the data for K (capital stock)

S

bedillning \With 3.951, .ioeo' Kl950

is derived from the following identity (12, p. 581):

2
Imports (M}. Assuming that consumers allocate their income among i

consumable commodities in order to achieve maximum satisfaction, the
theory of demand suggests that the quantity of imports purchased by any
consumer depends on his income, the price of imports, and the price of
other cconsumable commodities {43, pp. 9~10). This demand relations for
individual consumers can be aggregated over individuals and over commncd-
ities by thecrems on agygregated (43, pp. 42-48). This theory further

suggests that this Jdemand relationship can be sxpressed as a fuaction

to importsz (42, p. 10). In addition to the consumer goods, imports
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commodities to imports. As to the functional form for the import—
demand function, both linear and log-linear are widely used (43, p. 17).
Empirically, the imports equation in Liu's model is a linear func-
tion of GNP and imports lagged one period. 1In Seaks' model, the import
equation is a linear function of gross investment and imports lagged
one period. The inclusion of imports lagged one period, a Koyck-type
transformation of distributed lags, presumably captures the past influ-
ences of income and investment in Liu's and Seaks' formulations, respec-
tively. While Liu's formulation is traditional, Seaks' represents a
departure from conventional economic theory in order to encompass a
particular aspect of the Taiwan economy--the government's determination
to promote economic growth through the acquisition of capital goods.
To achieve this, the government has imposed strong import controls by
selling foreign exchange only to those who import primarily capital
goods (57, pp. 26-~27). Although Liu's and Seaks' formulations of the
imports equation differ, the explanatory power as measured by the
coefficient of determination (R2) is very high in both models.

The inclusion of M_. in the formulation yielded very poor results

1

in the present study.3 Hence, this writer has included relative prices
of domestic consumable goods to imports, RMP (= 100 Py/Pm), rather than
M-1. Thus, a linear import equation is specified as follows:

M=Db. +b Y+b52RMP+u

50 51 5

where M is real imports, b the constant term, b the marginal pro-

50 51

pensity to import and b52 the coefficient of RMP. The term Y is real

GDP, RMP is the relative price of Py to Pm in terms of percent, and ug

is the disturbance term. The signs of b51 and b52 are expected to be
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positive. The data for M and Y ﬁre real imports and real GDP, respec-
tively. The data for RMP is the relative price in terms of percent.
Seaks defines export as an endogenous variable; however, the
explanatory variables in his model (index of world trade (IWT), world
price index (WPI), price of Taiwan exports (PTE) and governmental
investment lagged one period (IG_l)) are exogenous. In contrast, Liﬁ
considers exports to be exogenous. Exports are determined primarily
by other countries; hence, it is assumed to be exogenous in the present

study. The data of exports are measured in real terms (1971 prices).

Wage Income (W). Many econometric models assume that the wage

income in real terms is a function of current and lagged output (57,
p. 24). 1In describing the U. S. economy, Klein has shown that profit
maximization subjected to a log—-linear production function can lead to
an equation in the following form:

We=W (Y, ¥ )

1
where W 1s the wage income in real terms and Y is some measure of output
(38, pp. 14-21).

Accoxding to Seaks (57, p. 24), there is avidence to support such
a formulation. To support his argument, he cites the study of Chu,
et al., which demonstrates that a Cobb-Douglas function fits the data
for Teaiwan well up to 1968. Although Seaks férmulates this eguation in
a linear form, he replaces Y with NI to solve the problem of multi-
collinearity between GDP and GDP lagged one period.

In the present study, a very high correlation is found not only

between ¥ and Y but also between NI and NI 1 Puarthermore, the co-

1

efficients estimated for ¥ . and NI are both negative. This

1 1
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contradicts the theoretical expectation. The inclusion of Y-l in the
present study fails to improve the explanatory power. This lack of
improvement is indicated by a negligible increase of coefficient of
determination (Rz), Thus, the writer regresses wage income (W) in real
terms on real GDP (Y) in the formulation of wage income equation. This
appears logical since wage income theoretically is part of national
inceme which is in turn a part of gross domestic product. Thus, the

writer specifies the real wage income equation as follows:

W=>Db + b lY + u

60 6 (e)

6
where W is defined as the real wage income, Y is the real GDP and b60 is

the constant term. The sign of b is expected to be positive. With

61
regard to data for the equation of wage income, W contains wages and
salaries, pay and allowance of members of the armed forces, and employ-
er's contribution to social security. The data are deflated by the

implicit deflator for national income. No separate deflator for wage

income is available.

Price Formation Equation (Py). In simple versions of the Keynesian

model, the price level is determined by the level of money wages which
is treated as exogenous. This is a major weakness of traditional
Keynesian theory. A review of the models discussed earliexr reveals that
none deal with the price level. According to Yu, the causes of price
changes in Taiwan can be formulated as follows (70, pp; 8-11):

AP = £ (AMs, Aw APm)

-17
where AP is the change in price, AMs is the change in money supply, APm

is the change in import price, and Aw_. is the change in money wage rate

1

lagged one period.
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Although Yu's formulation is in first difference form, the rela-
tionship between these variables are obvious. Since consistent data on
money wage are not available, the price formation equation is specified
as follows:

Py = b70 + b7lMs + b72Pm + u7 {7)

where Py is the price level, Ms is the nominal money supply and Pm is

is the disturbance term, and the signs of b and

the import price, u 71

7
b72 are expected to be positive. This formulation gives the linkage
between the money market and the real sector via money supply and the
price of imports.

Several alternative formulations, such as including the lagged

variables of Ms, Py or Pm, were tried. These alternatives are discussed

in the section on estimation.

Interest Rate Equation (R). In post—Keynesian formulation, the

demand for money in aggregate form is a function of income and the rate
of interest (42, p. 9). Friedman conteads that the demand for money can
be treated as a special topic in capital or wealth theory since money is
only one of many assets (25, p. 11). Thus, Friedman formulates the
demand function for the real money for an individual wealth holder as

(25, pp. 11-14):

Ma 1 dp
— = £ Wi ¥ , ¥, ¥t , == U
) Yo Wi e Ty Yor TOEE° )
Md . . . )
where E"-denotes the demand for real money, y denotes real income, w

denctes the fraction of wealth in nonhuman form (the fraction of
incoma dexived from propertvi, L denotes the expected nominal rate of
return on money, LN denotes the expected nominal rate of return on

) B ‘

fixed-value securities (including the expected changes in their prices),
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r, denotes the expected nominal rate of return on equities (including

1dp ,
7 atc 1S the expected rate of

the expected changes in their prices),
change of prices of goods, and hence, the expected nominal rate of
return on real assets, and U denotes any variables other than income
that may affect the utility attached to the services of money.

The aggregation problems arise if the equation is applied to the
economy as a whole. The amount of money demanded depends on the distri-
bution of such variables as y and w among individuals. If there are no

distribution effects, the equation can be applied to the economy as a

whole. The total wealth of a society (V) may be written as:

v

R

This expresses the relation between the stock (wealth, V) and the flow
(permanent income, Yp) via the rate of interest r. This wealth can
further be classified as human (Vh) and nonhuman (Vn). To simplify,
the variables of y and w can be represented by the variable of total
wealth in the demand function for money. The demand for real money can

be written as (53, pp. 176-178):

ME _ L, X 1de
P £ (rP' m’ b’ Fer P dt)
Si the inal rates of return r r and l-(ggd mo together
ince the nomina a sturn r_, Ty, T, s G ove tog '

they can be represented by a single nominal rate R. Further assume that
r also moves with the other nominal rates of return (R) and can also be
represented by R. Then the demand function for real money can be

further simplified as (53, p. 178):
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Md
where 5—-denotes the demand for real money, R denotes the nominal rate
. Yp - . 4
of interest and B denotes real (permanent) income.

Since the money supply is determined by the Central Bank of China,
it is assumed in the present study to be exogenous. Given the demand
and supply functions for money and in the money market, equilibrium
occurs when:

Md . _ Ms
Py_(f’ R) = Py

. . Ms .
In this equation, the real money supply (§§9 can be considered as
exogenous since Py is determined from the earlier price formation equa-
tion (7). Assuming that the demand for real money equation takes a

linear functional form, the above equation can then be written as:

where a, b, and ¢ are constants, and u* is the disturbance term. Solv-
ing for R, the equation becomes:

'l Ms 1

R=-@) @) Y+ G 5o+ puk | (8)
or

R = b80 + bSlY + b82 %§-+ Ug
where

bgg = - r%’ b81='%’ b82=%’ anduaa:%u*

. . . . . Ms |
where R is the nominal rate cof interest, Y is the real GDP and E;-ls

the real money supply. The b8O is a constant term and ug is the dis-

turbance term. The sign of b,. is expected to be positive and b

81 82

negative.
With regard to the data for the interest rate (R}, the end-ocf-

period call loan rate is used except for 1852. The discount rate is



53

used in that year. These data were used since no other data are avail-
able. The money supply consists of currency and demand deposits. In
the case of Taiwan, it is the sum of currency and deposits money.
Currency is defined as the currency issued (notes and coins) minus vault
cash. Deposits money includes checking accounts and demand deposits

(passbook deposits).

Definitions and Identities

Several identities are needed to close the system. They are: real
gross investment (I), the rate of inflation (INFL), the real capital
stock (K), real disposable income (Yd) and real income identity (Y).
Real gross investment is the sum of the real private and government
investment:

I=1Ip+ Ig (9)
Real government investment is confined to governﬁental capital expendi-
tures only.

Theoretically, the general level of prices is best measured by the
GNP deflator. If Py is the price level at time t, and Py_l denotes the

price level at time t the rate of inflation is defined as the per-

-1f

centage change in the price level:

INFL = 100 (Py - Py_))/Py_, = 100 —P—;ﬁ - 100
= 100z, - 100 (10)
where
ZZ = Pizl

Since Py and Py are index numbers to express the result in percentage

1

terms, the expression is muitiplied by 100.



The real capital stock (K) is the sum of previous end-of-period
real capital stock (Kél) and the real net investment (I-D) during this
current period. Hence,

K = K~l + I -D {(11)

where I and D denote real gross investment and real depreciation,
respectively;
Real disposable income (Yd) is defined aé:.

Yd = Y =D - T + Tr ' (12)
where Y, D, T, and Tr denote real GDP, real depreciation, real taxes,
and real transfer payments, respectively.

| Real income identity (Y) is defined as the sum of real consumption
(C), real domestic gross investment (I), real government expenditures
(G), and real trade balance (X-~M). This can be written as:

Y=C+I+G+ (X - M) (13)

where X and M denote the real exports and real imports, respectively.
With regard to the data for these identities, Tr contains current

transfers from the governmment and from the rest of the worid. Since

the deflator for Tr is not available, both are deflated by the implicit

deflator for national income.
Identification

There may be a problem in untangling the simultaneous relationships
if there are no restrictions on the model to prevent determinants of one
variable from becoming confused with others (57, p. 33). The identifi-

cation problem occurs in all simultaneous equation models.



The necessary, or order, condition for the structural equation of

a linear system to be identified requires that:
K** » GA - 1

where K*¥* is the number of predetermined variables excluded from the
equation and GA is the number of endogenous variables included in the
equation {34, p. 250). This condition is not applicable to a non-linear
system. It may be applicable to its subsystem, provided the subsystem
is a lirear one. An examination of the system in the present study
indicates that once Py is estimated from Equation (7), the remaining
subsysten becomes linear. Hence, a check of the identification of the
subsystem is in order. For simplification, Table XIII summarizes the
identification of the equations in the model's subsystem. The general
conclusion from examining the table is that six out of seven behavioral
equations in the subsystem are over-identified. The depreciation egua-

tion and the remaining five identities are identified.
Estimation

There are 13 endogenous variables and 13 equations making the
system complete. The model as a whole implies a non-linear system of a
recursive bleock nature. By a block recursive system, it means a group

. ‘\'u,‘
of equations which can be broken up into blocks of eguationg in such a
way that eqguaticons within each block are simultaneous, but groups of

eguations acxoss blecks are recursive. Thus, the knowledge of the

ndogenous variables in the first block permits the determination of

i

the endogencous variables in the second block (54, p. 270).
Eguation (7) forms a single block with only one egquation in the

biock. Since the disturbance term of this equation is assumed to be



TABLE XTIX

IDENTIFICATION OF THE EQUATIONS IN
THE SUBSYSTEM OF THE MODEL

56

Endogenous A o a
Variable C Ip T D M W R I INFL K Yd Y K** G -1 Identifiability
c 1* 0 000000 0 0 1 0 9 1 over-identified
Ip ©o 1 0000 10 1 0 0 1 9 3 Over-identified
0O 0 1 0 0 0 o0 O 0 o 0 1 10 1 Over-identified
0 0 01 00 0G O 0 O O - - tdentified®
; 0 0 0010 00 0 O 0 1 8 1 Over-identified
54 0O 0 O 0O 0 1 ¢ 0 0 0O 0 1 10 1 Over-identified
R 0O 6 0 0 0 0 1 o0 0 o 0 1 8 1 Over-identified
T 0o 1 000001 0 ©0 0 0 - - Identified®
INFL 0O 0 0000 0O 1 0 0 0 =~ - Identified®
X ©o 0 01 0001 0 1 0 0 -~ - Identified”
Yd ©o 0 1100 00 0 0 1 1 -~ - Identified®
y 1 0 001001 0 0 & 1 = - Identified®

“The figures 1 and O in the square matrix of endogenous variables indicate the
presence or absence, respectively, of the particular variable in the equation (41,

pp. 18-25 and 58).

b_. . . . - . . .
Since this equation is a minimal self-contained subsystem, no examination of

identifiability is necessary.

c_. . . C s e . fer oyt .
Since these equations are identities, no examination ¢f identifiability is

necessary.

a
[ . s . L pes - o . . 3
The order condition of identification for the remzining equations is as

follows:

K=+ 2 b1,

where K** js the number of predetermined variables excluded, and GA

endogenous variables included.

is the number of



57

independent of the system and the assumptions for least squares method
are fulfilled, the OLS (ordinary least squares) method is used to
estimate this single equation. The result of the estimation by using

the EAS (econometric analysis system) program is given in Table XIV.

Estimation of Equation (7)

Since consistent data on money wage rates are not available for the
time period covered in this study, several alternative versions of equa-
tion (7) were tried. The best equation was then selected. The criteria
used in the selection were: (1) the coefficient of multiple determina-
tion corrected for the degree of freedom (ﬁz); (2) a priori sign of
coefficient; (3) the Durbin-Watson statistic; and (4) the standard
errors of the parameter estimates (sgi).

The coefficient of multiple determination corrected for the degree
of freedom (ﬁz) is used to measure the explanatory power of the regres-
sion equation. The correction of the degree of freedom is necessary
because there are only 22 observations—--a very small samplé——in this
study. The valﬁe of ﬁz ranges from O to 1 with higher value indicating
a greater explanatory power. A priori sign of coefficient is used to
check any sign contradictory to that expected from theory. The Durbin-
Watson statistic (d) is used to detect the first order auto-cqrrelation
in the disturbance term. The value of d ranges roughly from O to 4.
When d value is very small (but larger than 0), a positive autoc-correla-
tion is indicated. Otherwise, a very large d value {(but smaller than 4)
indicates a negative auto-correlation. A midrange value of 2 shows no
first-order auto-correlation in the disturbance term. The test was

designed for a small sample under the assumption of a single equation



TABLE XIV

ALTERNATIVE ESTIMATES OF THE EQUATION (7) AS ESTIMATED BY THE
ORDINARY LEAST SQUARES FOR THE PERIOD 1952 TO 1973

Coefficient {(and Standard Error) Numbexr
Equa- of Explanatory Variables® of
tion Dependent o2 wrong
Number Variables Constant Ms Pm BPy.1 Pm_j Ms_y R a@ Signs
(7.1) Py 13.42288 0.00035 0.64734 0.9482 0.7079 o]
(C.00010)* (0.07375)*
(7.2) Py 6.80179 0.00017 0.12092 0.77137 0.9940 2.0827 - 0
(0.00004)* (0.04491)* (0.0E5432)*
(7.3) Ry 17.313769° -0.00141 0.52638 0.90262 0.9818 1.5455 1
(0.00025)*%  (0.04850)* (0.00036) *
{7.4) Py 22.91761 0.00064 -0.39548 0.91982 0.2872 1.6652 1
{0.00006G)* (0.11986)* (0.10107)*
(7.5) Py 8.30853 -0.0001z2 0.16978 0.66509 0.00047 0.9941 2.1667 1
(0.00023) (0.05820)* (0.09677)* (0.00037)
(7.6) Py 21.62970 -0.00041 -0.11229 0.61443 0.00142 0.9945 2.2130 2
(0.00019)* {0.09138) (0.08430)* (0.060030)*

a’“he * indicates the t ratio is significant at the 5 percent level of significance; §2 is the coefficient of Mul-
tiple Determination corrected for the degree of freedom; and the symbol 4 is the Durbin-Watson statlstlc for testing
first order auto-correlation in the disturbance texms. :
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model with exogenous independent variables. Thus, the test is not
strictly valid when an equation contains a lagged value in the dependent
variable or when an equation is part of the simultaneous system (35,

p. 249). For a large sample with lagged dependent variable in a single
equation, the Durbin test (h) should be used instead (35, pp. 312-313).

The h statistic can be derived from the d statistic as follows:

h=1x 2

‘/iwi-n v(§£T

where r is the estimated first-order auto-correlation of the residuals,

v(bl) is the estimate of sampling variance of b, (the coefficient of

1
Py_l) in the simple least-square regression. The value of r can be

approximated by:
1
I‘—vl'—'z—d

The standard errors of the parameter estimates (sﬁi) are the
numbers given in the parentheses beneath the parameter estimate. If the
value of the parameter estimate is more than twice (2.101 to be exact)
the size of the corresponding estimated standard error, we can infex
that under a two-tailed test the parameter estimate is significantly
different from 0 at the five percent level of significance. Equivalent-
ly, this can be converted intoc the t ratio. If the t ratio exceeds
2.101 in an absolute value for two-tailed test, the null hypoﬁhesis that
the true parameter is C wili be rejected at the five percent level of
significance. In Table XIV, the symbol * indicates a significant t
ratio of parameter estimated at the five percent lewvel for the two-

tailed test.
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By the criterion of ﬁz alone, Equations (7.2), (7.5), and (7.6)
have relatively high explanatory power in the present study (Table XIV).
Of these three equations, Equation (7.2) is the only one with the cor-
rect sign. Hence, Equations (7.5) and (7.6) are excluded from further
consideration. Since Equation (7.2) contains a lagged dependent vari-
able, Durbin test (h) should be used instead of the Durbin-Watson test.
However, since the Durbin test is designed for large samples, this test
can be used only as a rough guide. With an r value ¢f -.04 and a V(Bl)
value of .0029511, the calculated h value for eqﬁation (7.2) is -.19.
Since this calculated value of h is smaller than 1.645 for the one-tailed
test at the .05 level, the hypothesis of no positive auto-correlation
is not rejected.

Summarizing the above, Equation (7.2) is the best since it gives a
very high value of §2 (0.994) with all signs of the parameter estimated
in the expected direction, and with an h value of -.19 indicating no
first-order auto—correlation in the disturbance term. The t ratios of
the parameter estimated are all significant at the five percent level of
significance. Hence, Equation (7.2) is selected for use--along with the
remaining simultaneous system in later chapters for simulation and fore-
casting. Equation (7.2) implies that other things being equal, the
price level (Py) will increase by .00017 (as measured by the index
number) with an increase of one million N.T. dollars inthe nominal money
supply, i.e., the nominal money supply has very little effect on the
price level. The price level will increase by .12092 with an increase
of cne unit of the index number in import price (Pm). The price level
will increase by .77137 with an increase of one unit of the index number

in the previcus year's price level (Py_l)u
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The remaining seven behavioral equations (Equations (1) to (6) and
(8)) and identities form another block. Once Py is estimated from the
first block,'its value can be considered as exogenous, and predetermined
to this second block. This second block of a non-linear system becomes a
linear simultaneous system. As shown in Table XIII, most of the behav-
ioral equations in this system are overidentified. To avoid the incon-
sistency caused by direct application of the OLS, 2 SLS {two-stage least
squares) is applied to this linear simultaneous system. The result of
estimation using the EAS program is given in Table XV. The data used for
estimation is given in Appendix C. Note that only the time series data
from 1952 to 1973 is used for estimation, while the data of 1974, 1975,
and the preliminary data of 1976 are reserved for the test of ex post

forecast.

Estimation of the Second Block Eguations

The equations estimated are those equations from (1) to (6) and
(8). The results of estimation by 2SLS is given in Table XV.

Although the Durbin-Watson test statistic (d) is provided in the
table, it is not valid for testing first-order auto-correlation (or
serial correlation) of the error terms in the present study. The
Durbin-Watson test is originaily designed for small samples with a
single equation where all explanatory variables are strictly exogencus.
However, since this study involves simultanecus equations with lagged
dependent variables, the Durbin-Watson test is not applicable. Neithexr
is the Durbin test (h)--designed for large samples with lagged dependent
variable~-since this study involves a relatively small sample. At this

tage, it appears that no test is available to handle a system with a

w



TABLE XV

ESTIMATE OF THE SECOND BLOCK EQUATIONS AS ESTIMATED BY
TWO STAGE LEAST SQUARES FOR THE PERIOD 1952 TO 1973
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(1) C
(2) 1Ip
(3) T
(4) D
(5) M
(6) W
(7) R

The seven

(8.1) R

(8.2) R =

(8.3) R =

(8.4) R =

= 2554.185 + 0.395026Yd + 0.460133¢C_) 2

(0.0815) (0.1333) a

= -6128.921 + 0.123866Y - 18.23567RR +0.370361Ip_, R?

(0.0331¥@  (109.8802) (0.1978)% a

= -3152.600 + 0.179732Y R?
(832.1396)2 (0.0050)2 d =

= 1894.030 + 0.0537986K_1 R

(0.0006)2 a

= -42441.43 + 0.413878Y + 181.7376RMP R?

(0.0187)2 (150.4654) d

= -5657.661 + 0.440653Y 2
(0.0030)& ' d =

= 24.53202 - 0.00011lY + 0.03679 (Ms/Py) 2

(0.0003)2 (0.0125)2 d

alternatives are:

11.90991 - 0.00006574Y + 0.0244132Z + 0.530312R §2
(0.00003 )7 (0.0116)* (0.1911) d
2

27.40220 - 0.000185987Y + 0.00539389Z +0.08354332_; R

24.74099 -0.000008293Y+0.0341019Z ~0.000109656Y_7 §2 =
(0.0002) (0.0139)2 (0.0003) d =

29.43320 + 0.000223786Y - 0.0192675Z + 0.117670Z_y

{0.002) (0.0190) (0.0344)a
-2
- 0.000470145Y-1 R
(0.0002)2 a
14.50521 - 0.000142048Y - 0.00852384%7 + o.545766R_l
(0.00003)2 (0.0144) (0.1599)a -
+ 0.08649627_7 R

(0.0278)a d

0.9989
1.6236

0.9757
2.0603

= 0.9834

0.6151

0.9975
1.0052

0.9563
0.2718

= 0.9989

0.8997

0.7050
1.1090

0.7734

2.1463

0.7507
0.9319

0.6963
1.1244

= (0.7998

1.1464

0.8317

= 2.0224
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TABLE XV (Continued)

(8.6) R = 12.13418 + 0.0000220864Y + 0.0221044Z + 0.528127R_j
(0.0002) (0.0125) (0.1883)3
~ 0.0000939588Y_; & = 0.7665
(0.0002) d = 2.1440
(8.7) R = 16.60888 + 0.000259370Y - 0.0325844%Z + 0.541020R.
(0.0001) (0.0143) (0.127557)
+ 0.119933%Z_7 - 0.000460998Y_; R = 0.8857
(0.0252) (0.0002)2 d = 2.3218
where Z = Ms/Py (real money supply).

aIndicates that the t ratio of the parameter estimate is signifi-
cant at the 5% level of significance. The numbers in the parentheses
beneath the parameter estimates are the corresponding standard errors.
R? is the Coefficient of Multiple Determination corrected for the de-
gree of freedom. The symbol d denotes the Durbin-Watson statistic for
the test of first-order auto-correlation in the disturbance terms.

b . .o=2 .
By the criteria R, the Equations (8.4), (8.5), and (8.7) appear
to be better. However, by the criteria of the signs of current vari-
ables, only Equations (8.4) and (8.7) yield correct signs. The result
of ex post simulation reveals that Equation (8.4) is the best in the
sense that the simulation error is the smallest. Ccnsidering all these
criteria simultaneously, Equation (8.4) is the best among these seven
alternatives.
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small sample and lagged dependent variable simultaneously. Therefore,
serial correlation in the equations is not examined and no correction
for serial correlation is made here.

Equations (1) to (6) are from previous specifications. The estima-
tion results indicate that ﬁz, ranged from .9563 to .9989, are very high
in these six equations. All the explanatory variables except for RR,
Ip—l’ and RMP are all significant at the five percent level of signifi-
cance. All signs for these six equations are as expected.

Although Equation (8) in the original specification produces two
significant coefficient estimates, it yields relatively low ﬁz of .7050
and signs contradictory to the theoretical expectation. In addition,
large simulation error produced by equation (8) suggests that this equa-
tion is unstable. The problem is the demand for money function. To
derive the function, data for the call, a loan interest rate was used
(except for 1952). This rate is not determined by the supply of and
demand for money; it is determined by government action. As a conse-
quence, the rate is constant for long periods of time and may produce
misleading results in regard to the demand for the money function. The
data for the interest rate are presented in Appendix A. To obtain an
alternative version of Equation (8), seven alternatives ((8.1)-(8.7)),
including dependent and explanatory lagged variables, are considered
(Table XV). The results indicate that Equation (8.4) is the best one
and is, therefore, included in the system.6

First, let us discuss Equation (1). Both Yd and C_. are signifi-

1
cant at the five percent level of significance. The §2 of 0.999, the

highest along with the R® of wage income (0.999), indicates that the

estimated relationship axplaing 9%.9 percent of the variation in



consumption,7 The short-run MPC (Marginal Propensity to Consume) out
of disposable income is 0.395. The long-run MPC can be derived by
assuming that C grows at a certain percentage, say r percent a year,
and employ C = C__l (L + r) in the calculation. Based on the data
reported in Appendix A, real consumption (C) has grown at an annual
average rate of 8.07 percent from 1952 to 1973. Calculation of the
long—~run MPC in this fashion gives an estimate of the long run MPC of
.688. 1In Seaks' study the short run MPC (out of the sum of profif and
wage income) is .4916 and long-run MPC is .794, based on a growth rate
of 7.74 percent (57, p. 20). Liu found that the short-run MPC {(out of
disposable income) is .610 (6, p. 770) and a long-run MPC is .724,
assuming that C grows at an eight percent average annual rate.8 The
short-run and long~run MPCs in the present model are smaller than those
associated with the Liu and Seaks models. This finding contradicts the
theoretical expectation. This may be due to different data sources
{(e.g., Liu and the author) or different definitions of the explanatory
variables (e.g., Seaks uses P + W while the author uses Yd as one of
the explanatory variables in the consumption equation).

In Equation (2), Ip is linearly related to Y, RR, and Ip_- Al-
theough only Y explanatory variable is significant at the.five percent
levei, the writer believes that real rate of interest, RR, should be
included as a determinant of private investment. Although RR is not
even significant at the 50 percent level, it does not necessarily indi-
cate a lack of real relationship between RR and Ip. There are thecret-
ical grounds for believing that Ip is negatively related to RR. This
arqument is substantiated by the negative coefficient between Ip and RR

as shown in Table XV. So long as the t raticn remains negative, it
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does not contradict our belief. In addition, RR provides a link with
the money market. The estimated equation has a very high §2 of .976.
Ip__l is significant at the 10 percent level. Equation (2) implies that,
other things equal, Ip increases by .123866 million N.T. dollars in
real terms (1971 prices) as Y(GDP) increases by one million N.T.

dollars in real terms. The equation also indicates that an increase of
one percent in RR will cause a decrease of 18.23567 million N.T. dol-
lars in Ip, and an increase of one million N.T. dollars in Ip_l will
cause an increase of Ip by .37036 million N.T. dollars.

The tax Equation (3) yields a very high ﬁz of .983. The explana-
tory variable, Y, is significant at the five percent level. The mar-
ginal rate of taxation, as given, is about .18 which implies that taxes
increase by 0.18 million N.T. dollars in real terms (1971 prices) when
Y (GDP) increases by one million N.T. dollars. The constant term in
the tax equation is significant at the five percent level. This finding
is different from Liu's study in which the constant term was assumed to
be zero.

The depreciation Equation.(4) gives a marginal rate of depreciation
roughly at 5.4 percent which seems fairly reasonable. The explanatory

variable, K in the equation is significant at the five percent level.

-17
. . . o=2 .
The equaticn also gives a very high R of .998.
The imports equation (5) is a linear function of Y and RMP, where
Y is significant at the five percent level. Although RMP is significant
only at the 25 percent level, it is included on theoretical grounds.

The §2 of the equation is .956 which is very high. The Eguation (5)

implies that imports will increase by .413878 milliion N.T. dollars
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with an increase of one million N.T. dollars in real GDP. Similarly,
imports will increase by 181.736 million N.T. dollars with an increase
of one point in RMP index.

In wage income Equation (6), the explanatory variable of Y is sig-
nificant at the five percent level. The ﬁz of .999 is the highest one
along with that of consum.ption.9 The equation indicates that the waée
income will increase by .440653 million N.T. dollars in real terms
with an increase of one million N.T. dollars in real Y.

The last equation estimated is the interest rate Equation (8.4).
This equation is non-linear since a non-linear variable, Py‘l, is
involved in the equation. Since Py is only part of variable (i.e.,

Z = %;Q) estimated from Equation (7.2) in the first block, Py in this
remaining block is considered as exogenous, and hence, predetermined.
The equation subsequently becomes a linear one. As shown on Table XV,
both ¥ and %3 in this equation are not significant at the five percent
level, but their lagged variables are significant. The §2 of .7998,
the lowest one among all equations, is still fairly high. Although the
coefficients of Y and Z (= %;) are not significant in Equation (8.4),
they are retained. In the equation, other things being equal, R in—
creases by .000223786 percent with an increase of one million N. T.
dollars in Y¥; R decreases by .0192675 percent and increases by .11767
percent with an increase of one million N.T. dollars in Z and Z—l'
respectively. (Lagged Z has a larger positive effects on R.) As Y-l
increases by one million N.T. dollars in real terms, R will decrease

by .000470145 percent (almost trivial). (Lagged variable of Y again

has a larger negative effect on R.)
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. =2 . .
In summary, the given R for all equations in the system except
the Equation (8.4) are very high. This may be caused by the upward
trend found in almost every variable of time series data or by the

incorporation of the lagged variable in the right-hand side of the

eguation.



ENDNOTES

lWhile the original work of Koyck was done in the context of
investment demand analysis in 1954, Milton Friedman used a similar lag
structure for his study of consumer behavior in 1957. The basic idea
of this lag structure is that one variable reacts to another not instan-
taneously, but rather distributed over a period of time in the past. 1In
case of consumption function, consumption in the current period (Ct)
depends not only on income of the current time period (Yt), but also on
the series of past incomes: Y¢-j, Yt-2, . . . Consider the consumption
function:

[ee]

c.=at+ izo b.Y . +u (1)

Suppose that the impact on current consumption of a previous income
declines exponentially, i.e., the consumer presumably adjusts his ex-
penditure on consumption according to a weighted sum of his past levels
of income, the weights declining over time. In functional form, the
following equation results:

-]
c.=a+b ) Ay +u 0 A<l (2)
t i=0 t

where bi = b A, b is some constant.

If O<A<l, the weights given to the incomes of previous period decline

in proportion to AL, If A is 0, the lag scheme collapses immediately.
The restriction that A is between 0 and 1 ensures *the convergence of the
b;'s to 0. By expanding (2), for the time period t,

C =a by, +Aby L +A by + A7 by (2) "

t t 1 t-2 3

+ . . . +u
t

For the time period t-1,

i

+ A by +...+u (3)

C = a + bYt— -3 1

-1 + A bYt—

1 2
Multiplying (3) by A, and subtracting it from (2)', we have

- = I-/\ [,
C C._ a{l=-\) + bYt + (ut A u )

t-1
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or

Q
il

a(l-2) + bYt + A Cocp * Ve (4)

where

vt = ut - A ut—l

Note that in Equation (4), the transformed model involves the estimation
of only two parameters b and A, instead of infinite sequence of para-
meters b; of the Equation (1). By this Koyck transformation, it reduces
the number of parameters to be estimated from infinite to two which is a
manageable term and thus aids in reducing the multicollinearity problem
(see 19, pp. 187-189).

21n Seaks' model the sum of wages and profits is used as a proxy of
disposable income.
3While both Liu and Seaks obtained a coefficient estimate for M
smaller than 1, the present study yields a value larger than 1 and a~-l
poor simulation result.

4Tsour, in his study of the demand for money function, has demon-
strated that per capita demand for real money is a function of per
capita real income and the interest rate for both the U.S. and Taiwan
economies (64). The significance of the estimated coefficients and the
direction of the signs for U.S. and Taiwan were found to be quite
similar. Therefore, the theoretical relationship which has been devel-
oped to explain the monetary behavior in the U.S. is also applicable to
the econcmy of Taiwan (64, pp. 83-85).

5Since the period covered in this study is tco short to get Yp,
Y (=GDP) is used as a proxy for ¥Yp in the money demand function.

6Besides these alternatives, the writer also tried several others
including the treatment of RR (Real Interest Rate) and Z (Real Money
Supply) as dependent variables along with either R or RR as one of the
explanatory variables in the regression equation. These experiments
are summarized in the Appendix D.

7Since Yd includes C, the high R2 may be spuricus.

8The long-run MPC is calculated by the writer. Since the data Liu
used for estimation are not available, the writer assumed that C grows
at an eight percent average annual rate which falls between that of
Seaks (7.74) and that of the present study (8.07).
( 9 . . . . =2 , . .
. As with consumption, this high R~ may be spurious since wage in-
/come (W) is a part of national income and hence, a part of gross
Kdomestic product (¥Y).



CHAPTER V

DYNAMIC SIMULATION, DYNAMIC MULTIPLIERS AND

POLICY SIMULATION

As specified in the previous chapter, the model contains lagged
endogenous variables as predetermined variables. Since time lags are
explicitly included, the model is dynamic. The predetermined variables
and the disturbances generate the current values of the endogenous
variables. The time paths of the exogenous variables and the distur-
bances determine the time paths of endogenous variables.

In this chapter, the dynamic properties of the model are analyzed.
Two aspects are involved: (1) the stability of the system (i.e.,
dynamic stability); and (2) the effects on the values of the endogencus
variables of a unit change in the values of the exogenous variables

{i.e., dynamic multipliers).
ey GY P

Dynamic Simulation

=
o
©
B

nalytical approach may be used to examine the stability of a
linear system (see 54, pp. 344-345; and 58). But no simple analytical
method appears available for a non-linear system. We must resort to
the simulation approach, which can solve a simultaneous set of differ-
ence aguations mathematically (54, p. 310). Given the parameter esti-
mates and identities in the system, the initial values are specified

for exogencus and predetermined variables. If a dynamic system zuns
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unconstrained simulation for some time periods (e.g., 50 time periods
for MACROSIM) with all lagged endogenqus variables being appropriately
updated, the simultaneous solution of the system provides the time
paths for each of the endcgenous variables. The model is considered
stable where the continuously updated values for endogenous variables
are approaching equilibrium values over time, regardless of being damp-
ed or oscillated. Divergence of these values over time indicates that
the model is unstable.

In this study, the MACROSIM program is used for the dynamic simula-
tion (see Appendix E for a detailed discussion). The results of the
simulation runs are summarized in Table XVI. Since the simulation
values of the endogenous variables approach equilibrium values over

time, the mcdel is stable.
Dynamic Multipliers

A common practice in calculating the dynamic multipliers is to
first run a bench mark simulation. A bench mark simulation is a simula-
tion without any constraint, which can be used as a base for comparison.
After the bench mark simulation values are obtainad, one unit change in
one of the exogenous variables (such as G, Ms, and Ig, etc.) or para-

meter estimates {such as t. or t etc.) is assumed to determine the

0 1’
impact on the endogenous variables. There are three kinds of multipliers
in terms of time dimension--impact multipliers, interim multipliers and
long xun {or total) multipliers. The impact multipliers indicate the
immediate effect of each exogenocus variable on eachh endogenous variable.
The interim multipliiers show the effects on cach endogenous variable in
jiven time period. The long run multipliers indicate the total effect

.
a g .



TABLE XVI

SUMMARY OF DYNAMIC SIMULATIONS,2 TAIWAN FCRECASTING MODEL

Excgenous Endogenous
Vari- Initial Values . Equilibrium Vari- Equilibrium
able First Run Second Run Third Run Fourth Run Fifth Run value able Value
CNST 1.600 —-—— —-—— —— —— 1.000 -C 39849.914
MS 1554.000 —_—— —-—— —— —— 1654.000 1p 1647.501
Py 32.110 -—- - -—- J— - 32.110 T 7720.207
MS/P 45.031 - -— N  45.031 D 5080.707
RMP 114.390C —-——- - —— ) —— 1i4.390 M . ) 9753.984
IG 3433.200 —-—— - —— —-— 3433.200 w 20999.469
TR 301.870 -— —— — — 301.870 APy 47.984
G 19312.000 - —_— —— —— 19312.000 R 17.931
X 6006.000 —-— — ——— —-— 6006.000 I 5080.691
CL1 36276.000 39931.678 39852.070 ‘ 39849.969 39849.914 39849.914 INFL 0.000
IPLL1 3120.300 1€62.021 1647.885 1647.511 1647.501 1647.501 K 59233.477
KLl 8002.C00 . 58398.934 59211.169 59232.848 59233.461 59233.477 vd © - 47995.562
PYLl 29.840 47.984 —— —— —_—— 47.984 Y 60494.629
ZLl 43.934 34.470 —— —— —— 34.470
YLl 57809.000 60509.000 60496.430 60494.676 60494.629 60494.629
z2 1.231 1.231 —_—— —— —_—— 149.436

®ror details of dynamic simulation runs see Appendix D. Notice that: (a) the title "TAIWAN FORECAST-
ING MODEL" is used hereafter for simplification; (b) the original printouts give prints of each endogenous
variable in cne page and are followed by a plot in the next page. Only prints that are grouped in four
are given in the appendix. Every five pages represents a simulation run. The notation --- denotes that
the figure has been carried to the next run, i.e., the figure is the same as the previous run.

€L
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on each endogenous variable. These dynamic multipliers provide infor-
mation concerning the pattern of variable interaction over time, thereby
offering a valuable guide to policy formation and execution. Alterna-
tive policy simulations can be conducted to assess the combined effects
on endogenous variables when a certain policy mix is chosen. The pre-—
cise pattern and size of these dynamic multipliers also provide an
additional check on the stability of the system. The system is consid-
ered stable if the total multipliers are finite or, equivalently, the
interim multipliers grow smaller and smaller in absolute value and con-
verge to zero over time (i.e., the effects from exogenous shock fade
away) .

In the present study, the revised MACROSIM program is employed to
calculate the dynamic multipliers. A summary of these dynamic multi-
pliers is presented in Table XVII. As shown in the table, a one million
N. T. dollar increase in governmeﬁt expenditure in a given year brings
an increase of 1.031 and 1.328 million N.T. dollars inbgross domestic
product in the same year and in the long run, respectively. Similarly,
an increase of 0.336, 0.125 and 0.187 million N.T. dollars in the same
year and an increase of 0.593, 0.272 and 0.234 million N.T. dollars in
the long run are observed on consumption, private investment, and taxes,
respectively. This increase in government expenditure also leads to
0.429 and 0.551 million N.T. dollars on imports in the same year and
in the long run, respectively; 0.453 and 0.586 million N.T. dollars
increase in wage inccme; 0.121 and 0.273 increase in gross investment;
0,133 and 4.813 increase in capital stock; 0.840 and 0.828 increase in
disposable income. In the same year the impact on depreciation, price

level, interest rate, and rate of inflation are all trivial (0.000).



TABLE XVII

SUMMARY OF DYNAMIC MULTIPLIERS,® TAIWAN FORECASTING MCDEL

Multiplier AG = 1.0 AIG = 1.0 ATR = 1.0 Aty = 0.1 Atg = 1.0 &MS = 1.0
for Impact Total Impact Total Impact Total Impact Total Impact Total Impact Total
b4 1.031 1.328 1.03% 0.3%1 0.4C6 0.973 -2,367.015 =-5,370.371 =0.405 -0.973 -0.078 ~-0.582
c 0.236 0.592 0.332 ~0.535 0.527 1.172 -3,063.180 ~6,497.781 -0.529 -1.182 -0.027 ~-0.238
Ip 0.125 ¢.272 ¢.125 0.083 0.047 0.195 - 283.537 =~1,095.307 ~0.048 -0.197 0.003 -0.177
T 0.187 0.:234 0.187 0.070 0.074 0.172 5,387.308 4,547.191 0.%27 0.825 ~0.008 =-0.105
D 0.000 0.238 0.000 1.035 0.000 0.184 0.000 —1,642.532 ~0.000 -0.190 0.000 -0.172
M 0.429 0.5& 0.425 0.160 0.168 0.393 - 979.660 =~2,222.687 -0.168 -0.404 0.058 0.172
W G.453 (.336 ¢.453 0.172 0.180 G.422 -1,043.031 =-2,356.477 -0.179 -0.429 -0.035 -0.262
By 0.CCO C.0C0 0.000 0.000 0.000 0.000 ~ 0.000 0.000 0.000 0.000 0.000 0.000
R 0.0CG0 0.000 0.000 0.000 2.000 ©.000 - 0.529 1.324 0.000 0.000 0.000 0.002
I C.x21 &.273 1.121 1.082 » 0.047 0.199 - 283.535 =-1,095.302 -0.048 -0.197 0.00C ~0.176
INFL ¢.C00 0.000 0.000 0.000 0.000 0.000 G.000 0.000 0.000 0.000 0.000 0.000
X G.133 a.813 1.133 19.308 0.0592 3.4230 - 283.535 -1,943.122 ~-0.047 ~-3.532 0.020 -3.195
¥é 0.840 0,828 0.840 -0.715 1.332 1.617 ~7,754.348 -8,875.043 1.332 -1.608 -0.066 -0.305

“pynzmic multipliers include impact, interim, and long-run (total) multipliers. Only the impact and total
multipliers are summarized here. The unit for G, IG, TR, and ty are in millions of N.T. Dollars in real terms at
1971 prices. The change in %; is from 0.18 to 0.28. The unit of M3 is in millions of N.T. Dollars.

SL



The long-run effects on these endogenous variables are also trivial
(0.000), except for depreciation which has an increase of 0.258 million
N. T. dollars. Since the total multiplier contains both the interim
and the impact multipliers, and since all total multipliers for the
government expenditure except for Yd are larger than the corresponding
impact multipliers, we see that the increase in government expenditufe
has positive net interim effects. Thus, the table indicates no sign
differences between the impact and the total multipliers for the govern-
ment expenditure. In general, since all the government expenditure
multipliers are positive, it is concluded that the increase in govern-
ment expenditure has a stimulating or expansionary effect on the Taiwan
economy. The magnitude of all multipliers of government expenditure
ranges from 0.000 to 4.813.

With regard to transfer payments, both impact and total multipliers
for Y (= GDP) are less than 1. However, the impact and total multi-
pliers for Yd are 1.332 and 1.617, respectively. These last multipliers
are larger than 1. Other multipliers are similar to the government
expenditure multipliers in the sense that they also have a positive or
stimulating effect on the economy. The magnitude of these transfer pay-
ment multipliers range from 0.000 to 3.430.

A one million N.T. dollar increase in goverhmental investment
produces both impact and total multipliers similar to the government
expenditure multipliers. The impact and total multipliers for Y (= GDP)
are 1.031 and 0.391, respectively. These multipliers are relatively
small. The governmental investment multipliers have different signs for
consumption and disposable income. Presumably, governmental investment

confines to capital investment; it does not contribute to the increase
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in disposable income, and hence, consumption. Given a fixed amount of
resources, consumption and disposable income are reduced at the expense
of the increase in governmental investment. There are some negative
net interim multipliers. The magnitude of these multipliers ranges
from 0.000 to 19.305.

With regard to money supply, a one million N.T. dollar increase
brings 0.078 and 0.262 decrease'in gross domestic pfoduct in the same
year and in the long run, respectively. It also brings 0.027 and 6.238
million N.T. dollar decrease in consumption, 0.003 increase and 0.177
decrease in private investment, 0.008 and 0.105 decrease in taxes,
0.035 and 0.262 decrease in wage income, 0.000 and 0.176 decrease in
gross investment, and 0.066 and 0.305 decrease in disposable income in
the same year and in the long run, reépectively. On the contrary, a one
million N.T. dollar increase of money supply in a given year brings an
increase of 0.058 and 0.172 million N.T. dollars in imports in the same
year and in the long run, respectively. On depreciation and on capital
stock, a one million N.T. dollar increase of money supply produces an
increase of 0.000 and 0.020 million N. T. dollars in the same year,
respectively, but a decrease of 0.172 and 3.195 million N.T. dollars
in the long run. The impacts and the long-run effects on price level
0.000 and 0.000), interest rate (0.000 and 0.002), and inflation {(0.000
and 0.000) are all trivial. A one million N.T. dollar increase of
money supply leads to scme positive and some negative'net interim
effects. The signs of these net interim effects are consistent with
the corresponding impact and total multipliers except for the interim
effect on capital stock and private investment. Thus, the table indi-

cates sign differences between the impact and the total multipliers of
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money supply on capital stock and private investment. Other things
being equal, an increase in nominal money supply (Ms) in this model
will raise the interest rate (R), which will subsequently depress in-
vestment, and hence, gross domestic product (Y). Therefore, the money
supply multipliers are, in general, negative. Since most money supply
multipliers are negative, it is concluded that increase in money supply
has a contractive effect on the Taiwan economy. The magnitude of these
multipliers range from 0.000 to 3.195. |

Regarding the marginal rate of taxation, the multipliers follow a
pattern similar to that of money supply with some exceptions. Unlike
money supply multipliers, both the impact and total multipliers are
positive on taxes and negative on imports and capital stock. The magni-
tude of tax rate multipliers range from 0.000 to 8875.0. Notice that
the size of the tax multipliers becomes very large since the exogenous
change in the marginal rate of taxation is 0.1 rather than one million
N. T. dollais.l lowever, the increase in tax rate has a contractive
effect on the economy in general. The tax multipliers, due to the con-
stant term in the tax equation, follow the same pattern as that of tax
rate multipliexs except for their magnitude. This magnitude of tax
multipliers, due to the constant term, ranges from 0.000 to 3.532.
Notice that the exogenous change is one million N.T. dollars. In gen-
eral, these tax increases have a contractive effect on the economy.

Consistent with the writer's earlief finding, the model is stable
since all total multipliers in the Table XVII are finite. Increase in
government expenditures, government investment, and transfer payments
stimulate the Taiwan economy. In contrast, increase in money supply.

the marginal rate of taxation and the constant term in the taxes eguation
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produce a contractive effect. It appears that the exogenous increase
in any of the policy instruments in Table XVII produces no immediate
impact on depreciation since depreciation is defined as a function of
capital stock lagged one period. The price level and rate of inflation
are found guite insensitive to these excgenous changes. The interest
rate is also insensitive to these exogenous changes except for the téx

rate increase.
Pclicy Simulation

In this study, twelve policy simulation runs are also conducted for
evaluation of the impact and total effects on the economy resulting from
the exogenous changes in the selected policy mix. These results are
summarized in Table XVIITI. In this study, only the combination of two
instruments are arbitrarily selected as examples of policy simulation.
In fact, the revised MACROSIM can deal with a maximum of five or six .
exogenous changes (including changes of structural parameter estimates)
simultaneously. In Table XVIII, the impact and total effects on each
endogencus variable, due tc exogenous change in the policy mix, are
interpreted as the immediate effect in the same year and the total ef-
fect in the long run, respectively. As shown in the table, ameng these,
pelicy mix (6} f{an increase in government expenditure by one million
N. T. dollars accompanied by a simultaneous decrease in the marginal
rate of taxzation by 0.1) is the most effective measure in stimulating
the Taiwan economy. This policy mix preoduces a stimulating impact of
2569.055 milijon N.T. dollars and a stimulating total effect of
524,684 million N.T. dollars on the Taiwan economy. Nevertheless,

-
¥

this policy mix will also bring a decrease of tax revenues by 5344.59



TABLE XVIII

SUMMARY OF THE PCLICY SIMULATIONS,2 TAIWAN FORECASTING MODEL

(1) (23 (3) (4) (5} (6)

Effects AG=1, AMs=1 4G=1, AMs=~1 AIg=l, AMs=1 AIg=l, AMs=-1 AG=1, Atl=.l AG=1, Atl= -.1

on Impact Total Impact Total Impact Total Impact Total Impact Total Impact Total

o] 0.297 0.352 0.356 0.797 0.293 ~-0.785 0.352 -0.336 =-3,062.898 =6497.312 3,323.621 7,893.391
Ip 0.138 0.112 0.132 0.462 0.134 ~0.084 0.128 0.265 = 283.420 —1995,062 307.746 1,330.891
T 0.171 0.137 0.203 0.344 0.171 -0.035 0.203 0.172 5,387.586 4547.531 -5,844.597 -5,529,121
D 0.000 0.098 0.000 0.430 0.000 0.871 0.000 1.203 0.000 =-1042.297 0.600 1,273.973
M 0.492 0.723 0.367 0.383 0.452 0.336 0.367 -0.820 = 979.250 =2222.187 1,063.293 2,700.480
W 0.430 0.332 0.5C4 0.844 0.430 ~-0.082 0.504 0.434 ~1,042.594 ~2365.937 1,132.082 2,875.184
Py 0.000 0.000 0.000 -0.001 0.000 6.000 0.000 -0.001 0.000 0.0C0 0.000 0.000
R 0.000 0.002 0.001 -0.002 0.000 0.002 0.001 -0.002 - 0.529 1.324 0.575 - 1.609
I €.136 0.113 0.129 0.465 i.136 0.922 1.129 1.270 - 283.418 -1095.055 307.746 1,330.895
INFL 0.000 0.000 0.000 0.000 0.000. 0.000 0.000 ¢€.000 0.000 0.000 0.000 0.000
K 0.141 1.840 0.133 8.004 1.141 16.254 1.133 22.441 - 283.414 -19426.840 307.743 23,737.211
Yd 0.805 0.539 0.949 1.164 0.801 -1.012 0.945 -0.387 =7,753.633 -8874.402 8,413.723 1¢,780.211
Y 0.981 0.773 1.153 1.934 » 0.981 ~0.164 1.153 0.996 =-2,366.023 -5369.160 2,569.055 6,524.684

08



TABLE XVIII (Continued)

(7) (8) (9) {(10) {11) (12)
Effects AG=1, At =10 £G=1, At =-10 4Ig=1, bty= .1 bIg=1, At;= -.1 bIg=1, At =10  AIg=1, At =-1C
on Impact Total Impact Total Impact Total Impact Total Impact ‘'fotal Impact Total
C = 4.949 -11.211 5.590 12.359 =3,062.898 -6,498.340 3,323.621 7,892.141 ~4.953 ~12.340 5.586 11.219
Ip - 0.353 ~1.700 0.623 2.275 = 283.416 -1,095.228 307.746 1,330.680 =-0.357 ~1.896 0.619 2.C78
T 9.453 8.488 =9.082 =-8.008 5,387.586 4,547.293 . -5,844.596 =5,529.199 9.453 8.316 =9.082 =-8.180
D 0.000 =1.633 Q.000 2.156 0.000 =-1,041.501 0.000 1,274.738 0.000 =-0.859 0.000 2.934
M - 1.254 =3.484 2.117 4.582 = 679.250 =2,222.539 1,063.293 2,700.055 =1.254 =-3.867 2,117  4.191
W - 1.332 -3.703 2.254 4.879 -1,042.597 -2,366.312 1,122.078 2,874.727 =-1.332 =4.117 2.254  4.465
Py 0.000 0.000 0.000 C.000 - 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
R 0.GC0o 0.002 C.001 -=0.002 - 0.529 1.324 ‘ Q.575 - 1.608 0.000 0.003 0.001 =0.002
ks ~ 0.356 =-1.699 0.621 2.277 - 2823418 -1,094.225 308.745 1;331.684 0.644 =0.891 l.621 3.082
INFL 0.C0C 0.GCo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
X - 0.351 -20.441 0.625 40.219 - 282.418 -19,412.016 308.743 23,751.523 0.649 -16.004 1.625 54.664
Yd ~12.476 -15.246  14.203 16.941 -7,753.637 -8,875.812 8,413.723 1¢,778.375 -12.480 ~16.789 14.199 15.395
Y ~ 3.015 -8.395 5.129 11.094 ~2,366.027 =-5,370.008 2,569.035 6,523.684 ~3.015 =9.328 5.122 10.145

aOnly the impact and total multipliers are summarized. The units for G, Ig and tg are in millions of N.T. Dollars in

in real terms at 1971 prices.
tive, the magnitude of change in tj is from 0.18 to 0.08.

When t; is positive, the magnitude of change in t
The unit of Ms is in millions of N.T. Dollars.

is from 0.18 to 0.28.

When t; is nega-

18
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million N.T. dollars in the same year and by a tctal effect of 5529.121
million N.T. dollars in the long run. On the other hand, policy mix
(9) (a combination of an increase in governmental investment of one
million N.T. dollars and an increase in the tax rate of 0.1l) is most
effective in contracting the Taiwan economy. Policy mix (9) produces a
dampening impact of 2366.027 million N.T. dollars and a dampening total
effect of 5370.008 million N.T. dollars in the long run. But this
policy mix also brings an increase of 5387.586 million N.T. dollars
impact in tax revenues and a total effect increase by 4547.293 million
N. T. dollars in the long run. These findings seem to suggest that
policy makers face a trade—off problem in an attempt to stimulate or
contract the economy: stimulate the economy at the expense of reducing
tax revenues; increase tax revenues at the expense of dampening the
economy; or compromise at some degree.

But real experiment with the economy may not be feasible or desir-
able and may be very expensive,if not impossible. For this reason, this
kind of policy simulation is an extremely useful toocl for assessing the
consequences of a certain policy mix. Policy makers may formulate more
appropriate future policy and plan the course of action in accordance

with the results on policy simulation.



ENDNOTES

lBecause a change in the marginal tax rate of .1 implies a large
change in tax revenue, the marginal tax rate multiplier is much larger
in absolute terms than the cther multipliers. Therefore, the multiplier
for the marginal tax rate should not be compared to the other multipli-
ers.
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CHAPTER VI

THE EVALUATION OF THE PERFORMANCE OF THE MODEL

In the previous chapter, the dynamic properties of the model were
examined. In this chapter, the performance of the model is evaluated,
the relative performance of the model is assessed, and the model is

examined for structural change.

General Criteria for Model Evaluation

Several criteria are available for the evaluation of the model per-
formance (54, pp. 314-320; 57, pp. 84-90; and 68, pp. 179-180). These
include simulation fit, turning points forecasted (or simulated), and

sensitivity.

The Simulation Fit

The simulation fit refers to the "fit" of the variables in a simu-
lation context. Some gquantitative measures are desirable to examine how
closely each endogenous variable tracks its corresponding historical
data series (84, p. 316). Deviation in actual or cbserved value is
usually designated by the difference between the fiorecasted (or simulat-
ed) value and the corresponding actual value. The differences for all
variables are then sumued up to obtain the total deviation. These
differences are positive and negative; hence, they sum to zero. To

avoid the cancelling effect, the sum of absolute deviations or the

a4
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square root of the sum of squared deviations is used to measure the
total deviation. The total deviation is divided by the number of obser-
vationg to yield an average deviation. The mean absolute error (MAE)

is a measure of the absolute deviations. If these absolute deviations
are expressed in terms of percent, the measure becomes mean absolute
percent error (MAPE). In terms of square root of the sum of squared
deviations, this gives the root-mean square error (RMSE). If these
squared deviations are expressed in terms of percent, the measure be-
comes the root—-mean square percent error (RMSPE). Deviation can also
be measured in terms of change, such as the Theil's Inequality Coeffi-

cient (TIC). These measures are discussed below.

The Root-Mean Square Simulation Error (RMSE). The RMSE is a mea-

sure of the deviation of the simulated value from the actual (historical)
value, with a larger value indicating greater deviation and poorer simula-
tion fit of the model. To make a meaningful comparison, the size of

the error must be compared with the average size (i.e., mean) of the
variable in question. Otherwise, comparison should ke made with the
same measure for the same variable of compaxable models. The RMSE can

be expressed as:

T
1 S a, 2
RMSE = =/ ) (Y, -~ ¥5) (1)
i\ ol t t

s . .. a <
where Xt represents the simulated value of Y _, Yt the actual value, and

T the number of periocds in the simulation.
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The Root-Mean Square Percent Error (RMSPE). The RMSPE is a measure

of percent deviation of simulated value from actual value. It can be

expressed as:

S a 2
1 T Yt -Y
RMSPE = = / )} ||——— X100 (2)
T /e \ ¥ ,
e t
The Mean Absolute Error (MAE). The MAE measures the absolute value

of deviation of the simulated value from actual value. The absolute
value is used to avoid the cancellation effect of an error with both

positive and negative numbers. The MAE can be written as:

a
Y~ - Ytl (3)

The Mean Absolute Percent Error (MAPE). The MAPE is a measure of

the absclute value of percent deviation of the simulated value from

actual value. The MAPE can be expressed as:
1
MAPE = = ) |———<— X 100 (4)

Theil's Inequality Coefficient (TIC). The TIC measures forecast

change compared to actual change. It can be written as:

i z 2
=) (P, - A,) .
PIC = * (5)
AyeZs iy
/n 5 Bi * n Z A
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where Pi represents the predicted change ( = Y?

S
c Yt—l)' Ai the actual

change ( = Yi - Yi_l), and n = T - 1 the number the change observed

( = sample size - 1l). TIC ranges from O to 1 with a value of 0 indicat-~

ing a perfect forecast and a value of 1 indicating the poorest forecast.
In summary, while the RMSE and the RMSPE measure errors in terms

of level, the MAE and the MAPE measure erfors in terms of absolute

level. In regard to the TIC, errors are measured in terms of change.

The MAE and the MAPE are easy to calculate; however, the information

about the direction of deviation is lost by using absolute wvalues. The

RMSE and the RMSPE have an advantage--since they may be decomposed.into

standard deviation and bias for further analysis of the bias direction

(54, p. 22 and p. 290). Hence, these two measures are most widely used.

The Turning Points

A turning point indicates a sudden change of direction in actual
or simulated data. The ability to predict the correct turning points
from a-model is an important. criterion in model evaluation. Typically,
one examines how well the turning points in the simulated or forecasted
geries correspond with the turning points in the actual data. A close

correspondence indicates a better model performance.

The Overall Sensitivity of the Model

We can examine how the model reacts to such factors as change of
initial period of simulation, parameter estimates, and time paths of
exogenous variables. Presumably, the model should not be sensitive to
any change of the initial pericd used for simulation if it approximates

reality. Neither the simulation nor the forecasting performance should



be affected drastically in the case of a minor change in one of the

model's ccefficients or the time path of one of the exogenous variables.

Evaluation of Mocdel Performance

In an attempt to evaluate the performance of the model, the ex post
simulation and the ex post forecasting are conducted. The ex post simu-
lation refers to the simulation within the sample estimation periocd. By
simulating the model over the periocd for which the actual series is
available, a comparison can be made for each endogenous variable between
the simulated sexieg and the actual series. Thus, the ex post simula-

tion provides useful test of the validity of the model. In addition,

[V}

the ex post simulation can also bhe employed in policy simulations. We
can compare its effects by changing the parameter values or the time
paths for exogenous variables as a result of alternative policies. The
% post forecasting refers to forecasting beyond the sample estimation
period up to the present time. The revised MACROSIM is used in the ex

post simulation as well as in the ex post forecasting in this chapter.

Model Performance in Terms of the

Simulation Fit

The detailed results of simulation f£it of the model within the
sample estimation pericd are glven in Appendix ¥F. From this appendix,
the Mean Absolute Percent Errors for these 13 endogenous variables are
summarized in Table XIX. The simulated value of gross domestic producht
is off 8.09 percent from the actual (or historical) value. The value
of the price level deviates from actual series by 2.05 percent. 7The

£

private investment, interest rate, and rate of inflaticn, however, are



TABLE XIX

THE ACCURACY OF EX POST SIMULATION,

TAIWAN FORECASTING MODEL

Endogencus Mean Absoclute Percent
Variable Error (MAPE)
C 8.90
Ip 31.25
T 5.53
D 8.15
M 10.39
W 8,22
Py 2.05
R 19.86
I 16.53
INFL 27 .68
K 10.31
Yd 9.29
Y 8.09

89
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off 31.25 percent, 19.86 percent, and 27.68 percent, respectively. The
large deviations produced by private investment and interest rate are
primarily due to the greater difficulty involved in these specifications.
Since gross investment contains both private and governmental investment,
large deviations produced by private investment is also reflected in
ross investment. When the price changes, the rate of inflation fluctu~
ates accordingly. In general, within the sample period, the model per-
forms fairly well.

The writer also uses the revised MACROSIM to perform a three-period
ex post forecast for the model with 1974 as the initial year (Appendix
G). This result is compared with thérex post simulation for 1953-1973.
Comparison results are shown.iﬂ Table XX. Since the forecast is done
beyond the estimation period, a considerable increase is expected in
 Some error measures, such as the MAPE associated with depreciation,
interest rate, and rate of inflation; the RMSPE associated with depre-
ciation, interest rate, and rate of inflation; and the TIC associated
with taxes, interest rate, and gross investment. However, the error of
the overall forecast for the gross domestic product (the most important
variaﬁle) increases slightly less than six percent in terms of MAPE and
increases 0.02 in terms of TIC. Since the rate of inflation is very
sensitive to the change in price level, the big difference between the
measures in the sample and beyond the sample period as measured by the
MAPE is not surprising. A few equations (such as private investment,
interest rate, rate of inflation, and gross investment) do not pexrfoxm
as well as expected. On the whole, the model performs fairly well be-

yond the sstimation period; hence, the medel can be used for ex ante



TABLE

XX

COMPARISON OF THE ACCURACY OF EX POST SIMULATION AND FORECASTING,

TAIWAN

FORECASTING MODEL

.‘vp'e Ex Post Simulation Ex Post Forecasting

Pericd 1953~1273 1974~1976 Difference

Criteria MAE MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC
c 7048.43  8.90 1744.44 2.15 0.25 22697.31  12.04 13983.01 7.31 0.29 15648.88 3.14 12238.57 5.16 0.04
Ip 2452.22 31.25 867.45 9.00 0.53 17628.23  38.00 10842.06 25.32 0.76 15176.01 6.75 9974.61 15.32 0.23
T 1182.59 5.53  356.42 1.56 0.33 6092.04 9.88 5433.21 8.84 0.79 4902.45 4.35 5076.79 7.28 0.46
D 529.70 8.15 137.34 2.09 0.19 6744.13  27.82 3%61.61 16.13 0.10 6214.43 19.67  3824.27 14.04 0.09
M 2214.58 10.39 607.43 3.32 0.33 15887.19  10.22 10621.25 6.92 0.38 13672.61 -0.17 10013.82 3,60 0.05
W 4415.35 8.22 1098.02 2.03 0.24 20485.02  13.42 12525.78 8.07 0.22 16069.67 5.20 11427.76 6.04 0.02
Py 1.24 2.05 .36 0.58 0.23 12.76 7.87 8.64 5.38 0.47 11.42 5.82 8.28 4.80 0.24
R 2.69 19.86 0.74 5.32 0.66 6.26 45.91 3.82 27.38 0.92 3.37  26.05 3.08 22.06 0.26
I 3452.34 16.53 867.48 4.36 0,38 17628.29 17.54 10841.82 10.99 0.98 14175.95 1.01  9974.34 6.63 0.60
INFL 2.55 27.68 0.83 7.79 0.63 11.13 137.07 7.21 88.62 0.66 8.58 109;39‘ 6.38 80.83 0.03
X 9868.73 10.31 2554.80 2.84 0,13 10748.56 1.76 6806.20 1.13 0.10 879.83 -8.55 4251.40 -1.71 ~0.03
Ya $961.05  9.29 2493.10 2.24 0.23 36984.96  13.89 21977.06 8.20 0.19 27023.91 4.60 19483.96. 5.96 -0.04
b4 10856.51  8.09 2673.26 1.93 0.19 49821.16 14.03 30194.88 8.38 0.21 38964.65 5.94 27521.62 6.45 0.02
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Model Performance in Terms of Turning Points

The prints and plots of the results of ex post simulation are given
in Appendix F. Both the observed and the forecasted series for 1953-
1973 {(i.e., "L" is 1953) are included. To see how well turning points
in the forecasted series correspond with turning peoints in the actual

data for a given endogenous variable, we need to compare two censecutive

observed values (i.e., observed change) in the observed series first.

ot n__mn

Then, denote the change by a "+" for an increase, a for a decrease,
and no change by "0" for all 20 observed changes. Repeat the same pro-
cess for all 20 forecasted changes. Next, the sign of the forecasted
change is compared to that of the observed change in the same vear. A
sign opposite from that of the observed change indicates a "missed
turning point.” The total number of turning points missed can then be
calculated for a given endogenous variable with a smaller number indi-
cating a better performance of a model. The results of the performance
cf the model in terms of turning peints missed are discussed below,

No turning points are nissed for consumption, depreciation, wage
income, price leval, capital stock, disposable income, or gross domestic
r”cduﬁt.l This general patiterrn is in agreement with the geneval upward
trend as shown in the plots. For each of these variables, the forecast-

the observed serles very closely. On2 turning point is

ach of the following veriables: taxes; imports, and gross
1

investment. For kaxes, the observed change between 1963 and 1264 was

2

decreasing (-} while the forvecasted change was increasing {(+). For

yved change beiween 1954 and 1955 was decrezsing while

change was increasing. For gross investment, the observ-

s whiie the forecasted

ed change betwsen 1954
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change was increasing. The plots of these three variables indicate a
general upward trend for both series. Thus, for taxes, imports, and
gross investment, the forecasted series track very closely with the
actual series. Four turning points (cne-fifth of the total turning
points) are missed regarding private investment and interest rate. For
private investment, the observed changes between 1954 and 1955, between
1956 and 1957, between 1968 and 1969, and between 1971 and 1972 all
decreased while all corresponding forecasted changes increased., For
interest rates, the observed changes between 1961 and 1962, between 1966
and 1967, and between 1970 and 1971 all decreased with corresponding
forecasted changes in the opposite direction. The observed change
between 1972 and 1973 increased while the forecasted change decreased.
Although the private investment misses four turning points, the plots
indicate a general upward trend for both series. Hence, the forecasted
series track quite closely with the actual series for private investment.
This is not the case with the interest rate which fluctuates in varying
degree and direction between the observed series and the forecasted
series. Hence, the forecasted series do not track the observed series
very closely for the interest raté. Finally, eight turning points (two-
fifths of all turning points) are missed regarding rate of inflation.
The observed changes between 1954 and 1955, between 1259 and 1960,
between 1962 and 1963, between 1963 and 1964, and between 1967 and 1968
all increased while all the corresponding forecasted changes decreased.
In contrast, the observed changes between 1957 and 1958, between 1969
and 1970, and between 1970 and 1971 all decreased while all the corres-

ponding forecasted changes increased. Although eight turning points are
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nissed for the rate of inflation, the plots indicate a fairly close
track between the fluctuation trend of the forecasted series and the
fluctuation trend of the observed series.

In summary, of the 13 endogenous variables, seven have no turning
point missed, three miss one turning point, two miss four turning points,
aﬁd only one endogenous variable misses eight turning points in the
model. The plots indicate that the forecasted series track very closely
with the observed series in all 13 endogenous variables except for
interest rate. In general, the performance of the model can be consid-

ered good in terms of turning point criteria.

Model Perxformance in Terms of Sensitivity

In order to see whether the writer's model is sensitive to any
change in the initial period used in simulation, the writer uses the
revised MACROSIM to conduct several ex post simulations. The alterna-
tive initial periods chosen are 21, 14, 7, and 24 periods. The results
of these simulations are given in Table XXI. These results are further
summarized in Table XXII. ©Note that only three measures (the MAPE,
RMSPE and TIC) are selected for comparison since these relative measuras
are more relevant. It appears that the model, as measured by several
simulation error measures, 1s rather sensitive to change in the initial
simulation period; particularly the measures of MAPE, RMSPE, for private
investment, interest rate, gross investment, and rate of inflation.
This finding seems to further substantiate a priori notipn that private
investment, gross investment and interest rate equations are more dif-
ficult to specify. As to the rate of inflation, the sensitivity may be

due to the way it is defined in terms of price leyel. FPurthermore, the



TABLE XXI

SIMULATION RUNS FOR SENSITIVITY STUDY, TAIWAN FORECASTING MODEL

Program PCSNSTY1 (= PCFOR7) PCSNSTV2
Period 1953-1973 (21-Period) 1960-1973 (l4-Period)

Criteria MAE MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC
C 7048.43 8.90 1744.44 2.15 0.25 7049.27 6.72 2205.47 2.10 0.23
Ip 2452.22 31.25 £67.45 5.00 0.53 3551.66 14.45 13133.56 4.29 0.38
T 1182.59 5.53 356.42 1.56 0.33 1362.41 4.88 488.20 1.64 0.27
D 529.70 8.15 137.34 2.0% 0.19° 540.05 3.75 212.61 1.24 0.13
M 2214.58 10.39 607.43 3.32 0.33 2161.55 5.77 747.62 2.01 0.20
W 4415.35 §.22 1098.02 2.03 0.24 2768.92 6.54 1439.44 1.94 0.18
Py 1.34 2.05 0.36 0.58 0.23 1.64 2.05 0.51 0.66 0.17
R 2.89 19.86 0.74 5.32 0.66 2.81 21.38 0.94 7.23 0.64
I 3452.34 16.53 867.48 4,36 0.38 3551.86 9.03 1133.63 2.73 0.27
INFL 2.55 27.68 .83 7.79 .63 -1.93 31.85 0.68 10.91 0.56
X 9868.73 10.31 2554.80 2.84 0.13 11497.37 4.92 3964.51 1.49 0.08
¥d $961.05 9.29 2493;10 2.24 0.23 10143.43 6.96 3243.25 2.21 0.22
Y 10856.51 8.09 2673.26 1.93 0.19 11291.58 6.14 3521.21 1.90 0.17

g6



TABLE XXI (Continued)

rogram PCSNSTV3 PCSNSTV4
Feriod 1967~1973 (7-Period) 1953-197€ (24-Periocd)

Criteria MAE MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC
C ©6650.91 5.15 2677.96 2.08 0.17 9572.717 9.60 2541.65 2.16 0.26
Ip 4135.67 11.98 1695.05 5.00 0.43 5228.81 32.17 1587.03 8.54 0.57
T 1788.64 4.76 808.30 2.18 0.22 1889.61 6.22 771.14 1.78 0.38
D 505.10 2.71 276.41 1.45 0.12 1263.20 10.42 486.97 2.65 0.26
M 2633.02 3.83 1335.09 2.06 0.17 3708.02 10.23 1323.19 3.01 0.34
W 5060.52 5.16 2030.71 2.06 0.14 €652.89 9.02 1934.47 2.09 0.24
Py 1.90 2.02 0.93 0.99 0.14 2.76 2.77 1.12 0.84 0.31
R 3.38 26.81 1.41 11.29 0.76 3.01 21.03 0.73 5.27 0.81
I 4136.15 7.37 1699.21 3.11 0.30 5228.94 16.67 1587.01 4.07 0.41
INFL 1.37 25.71 0.68 12.56 0.48 3.63 42.57 l.16 13.81 0.65
K 11676.00 3.72 4549.88 1.53 0.06 -9950.82 9.24 2436.04 2.49 0.12
¥a 10428.22 5.72 4403.84 2.41 .17 13808.31 10.04 3704.95 2.26 0.23
b4 11941.92 5.11  4870.59 2.09 0.13 16248.14 8.98 4664.30 2.03 0.19
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TABLE XXII

SENSITIVITY TO THE INITIAL SIMULATION PERIOD,
TAIWAN FORECASTING MODEL

Programns PCSNSTVZ - PCSNSTV1 PCSNSTV3 - PCSNSTV2 PCSNSTV3 - PCSNSTV1 PCSNSTV4 - PCSNSTV1

Criteria® MAPE RMSPE TIC MAPE RMSPE TIC MAPE RMSPE TIC MAPE RMSPE TIC
c - 2.18 -0.05 =-0.02 -1.57 =-0.02 -0.06 - 3.75 =-0.07 -0.08 0.70 0.01 0.01
Ip -16.20 -4.71 -0.15 -2.47 0.71 0.05 -19.27 -4.00 -0.10 0.92 =-0.46 0.04
T - 5.65 0.08 =-0.06 -0.12 0.54 -0.05 - 0.77 0.62 =0.11 0.69 0.22 0.05
) - 4.40 -0.85 -0.06 -1.04 0.21 -0.01 - 5.44 -0.64 -0.07 2.27 0.56 0.07
M 4.62 -1.,31 -0.13 -1.94 0.05 =0.03 - 6.56 =1.26 =0.16 -0.16 -0.31 0.01
17} - 1.68 -0.09 -0.06 -1.38 0.12 =-0.04 - 3.06 0.03 -=0.10 0.80 0.06 0.00 -
Py 0.00 0.08 -=0.06 =-0.03 0.33 -0.03 - 0.03 0.41 -0.09 0.72 0.26 0.08
R 1.52 1.91 -~0.02 5.43 4.06 0.12 .95 5.97 0.10 1.17 =-0.05 0.15
I - 7.50 -=-1.63 =0.11 -1.66 0.38 0.03 - 9.16 -=-1.25 -0.08 0.14 -0.29 0.03
INFL 4.17 3.12 -0.07 ~6.14 l1.65 =0.08 - 1.97 4.77 -0.15 14.89 6.02 0.02
X - 5,39 =-1.35 =0.05 -1.20 0.04 -0.02 - 6.59 =-1.31 -0.07 -1.07 =0.35 -0.01
Yd - 2.33 =-0.03 =-0.01 ~-1.24 0.20 =-0.05 - 3.57 0.17 -0.06 0.75 0.02 0.00
Y - 1.95 -0.03 -0.02 -1.03 0.19 -0.04 - 2.98 0.1l6 -0.06 0.8 0.10 0.00

AMAPE: Mean-Absolute~Percent-Error; RMSPE: Root-Mean-Square~-Percent Error; TIC: Theil's

Inequality Coefficient.

L6
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model as evaluated by the simulation measure TIC seems to be rather
insensitive to changes in the initial period.

So far the performance of the model has been evaluated within the
sample period and beyond the sample period up to the present. Actually,
the model should also be evaluated in terms of its accuracy in future
prediction (i.e., ex ante forecast). Since the actual values of the
exogenous variables are not known at the time the forecast is made,
these values must be projected. For ex ante forecasts beyond one peri-
od must be provided. Frequently, a forecaster generates a set of alter-
native forecasts with each conditional on a particular set of assumptions
about the future course of the exogenous variables. Since the informa-
tion necessary for this project is not available to the writer, no

attempt on ex ante forecast is made in this study.
The Relative Performance of the Model

In order to evaluate the performance of this model relative to
other models, the writer conducted an ex post simulation for the Taiwan
naive model and an ex post simulation for Seaks' model via the revised
MACROSIM program. The Taiwan naive mcdel assumes the functional form of
Y = f(Y—l) in the construction of the behavioral equations. The endog-
enous and exogenous variables in the naive model are defined similarly
to the Taiwan forecasting model. Estimated equations by crdinary least
squares (OLS) and the identities are presented in Table XXIII. The
comparison between the writer's model and the Taiwan naive model is
given in Table XXIV. Two points are arbitrarily assigned to the one
with a smaller error indicating a better performance. Otherwise, one

point is assigned. Then the average points are obtained fcr each



TABLE XXIII

SUMMARY OF TAIWAN NAIVE MODEL
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Behavioral Equations
(1L C = =-1935.735 + 1.105317 C_1
(0.0107)* .
{(2) Ip = 486.4411 + 1.112293 Ip_l
(0.0472) =
(3) T = -892.935 + 1.153155 T_l
(0.0252) *
(4) D = ~-80.8184 + 1.139877 D—l
(0.0156)*
(5) M = -1718.498 + 1.237353 M_1
(0.0160) *
(6) W = ~-1700.263 + 1.133818 W—l
(0.0100)*
(7) Py = 1.808126 + 1.036052 Py_l
(0.02¢6) *
(8} R = 2.067835 + 0.851149 R__l
(0.1048)*
Identities
(2) I=1Ip+ Ig
{10) INFL = 100.(Py - Py_l)/Py_l = 1OO.Z2
(1G.1) where Z_ = Py/Py_l
(11) K=K_1+J_-D
(12) Y =Y ~-D - T - Tr
(13) Y=C+I+G+X-M

- 100

0.9979

0.9617

0.9896

0.9959

0.9963

0.9983

0.9856

0.7458

2.01

2.47

2.10

1.39

2.70

2.07

1.43

2.27




COMPARISON OF

TABLE

XXIV

THE SIMULATION ACCURACY OF THE
TAIWAN NAIVE AND FCORECASTING MODELS

rodel Taiwan Naive Model Taiwan Forecasting Modeli Taiwan Naive Taiwan Forecast-
T 1953-1973 1953-1973 Model ing Model
Period
Criteria MAZ MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC Average Average
[od 2984.352 3.74 738.14 0.9z 0,16 7048.43 8.90 1744.44 2.15 0.25 2.0 1.0
Points 2 2 2 2 2 2 2 2 2 2 * "
Ip . 7055.48 52.11 1822.41 13.42 0.48 3452.22 31.25 867.45 9.0C 0.53 1.2 1.8
Foints 1 1 1 1 2 2 2 2 2 1 ° "
T 3643.20 15.18 978.29 3.53 0.38 1182.59 5.53 356.42 1.56 0.33 1.0 2.0
Points b3 1 1 1 1 2 2 2. 2 2 . °
D 1486.27 17.10 395.23 4.00 G.20 529.70 8.15 137.54 2.09 0.19 1.0 2.0
Pecints 1 1 ] 1 2 2 2 2 2 - ¢
R 14729.16 31.85 4B29.32 7.89 0.26 2214.582 10.3%9 607.43 3.32 0.33 1.2 1.8
Points 1 1 1 1 2 2 2 2 2 1 ‘ *
¥ 2505.43 5.20 751.18 1.27 0.19 4415.35 8.22 1098.02 2.03 0.24 2.0 1.0
Points 2 2 2 2 2 1 1 1 1 b ) )
Py .85 5.76 0.94 1.40 0.27 1.34 2.08 0.36 0.58 0.23 1.0 2.0
Points 1 H 1 1 1 2 2 2 2 * °
R 1.59 10.00 0.41 2.52 0.82 2,89 19.86 0.74 5.32 0.66 1.8 1.2
Points 2 2 2 2 1 1 1 1 1 2 : *
I 7139.57 29.24 1825.58 7.00 0.52 3452.34 16.53 867.48 4.36 0.38 1.0 2.0
Qoints 1 1 1 1 1 2 2 2 2 2 * °
INFL 3.22 38.00 1.01 11.45 0.95 2.55 27.68 0.83 7.79 0.63 1.0 2.0
Points i b 1 1 1 2 2 2 2 2 . :
K 40627.55 25.45 11517.71 6.08 0.16 9868.73 10.31 2554.80 2.84 0.13 1.0 2.0
Points 1 1 1 1 1 2 2 2 2 Z . =
Ya 10421.05 7.00 3288.72 1.80 0.22 9961.05 9.29 2493.10 2.24 0.23 1.6 1.4
Points 1 2 1 2 2 2 1 2 1 1 N *
Y 11297.35 5.64 23778,17 1.56 0.16 10856.51 8.09 2673.26 1.93 0.19 1.6 1.4
Points 1 2 1 2 2 2 1 2 1 1 ° °
Grand Average i.338 1.662

00T
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variable in each model. To compare the overall relative performance of
models, the grand average of all variables is calculated for each model.
The result shows that the writer's Taiwan forecasting model has a grand
average point of 1.662 compared with 1.338 for the Taiwan naive model
(Table XXIV). Thus, the basic model is relatively superior in overall
performance. Nevertheless, the naive model is superior to the basicv
model in predicting consumption and wage income.

A comparison of relative performance between the writer's model and
Seaks' model is also made. Earlier the DYMULT program was used to
examine Seaks' model; based on those results, the model appears to be
unstable. Thus, his model may be misspecified. We now compare the per-
formance of the writer's model relative to Seaks' model. The results of
ex post simulation on one version of Seaks' model (two-stage least
squares) are given in Appendix H. Since only eight variables are com-
parable (see Table XXV), the comparisons are made in terms of these
variables only. 1In célculating relative performance, three points are
assigned to the one with the smallest error, two points to the one with
the next smallest error and one point to the one with the largest exrror.
The grand average for the writer's model is 3.00 compared with 1.875 for
Seaks' Efficient Estimates version and 1.125 for his two-stage least
square version. This comparison indicates that the writer's Taiwan
forecasting model is considerably better than both versions of Seaks'

model in terms of overall performance.
Test for Structural Change

The assumption of no structural change is implied in the model

specification. This section examines the possibility of structural



COMPARISON OF

TABLE XXV

THE SIMULATION ACCURACY OF THE
SEAKS AND TAIWAN FCRECASTING MODELS

Model The Seaks Mcdel (2SLS) The Seaks Model (Efficient Estimates)
Period 19532-1970 1953-1970
Criteria MAE MAPE RMSE RMSPE TIC MAE MAPE RMSE RMSPE TIC
C 26528.25 38.42 9570.75 11.74 0.74 17224 .38 24.93 5563.35 7.25 0.64
Points 1 1 i 1 1 2 2 2 2 2
Ip 16736.93 130.17 5528.74 37.18 0.96 15326.95 114.11 5055.80 32.03 0.92
Points 1 1 1 1 1 2 2 2 2 2
D 5290.67 86.49 1514.14 21.192 0.96 757 .66 14.90 217.56 4.21 0.37
Points 1 1 1 1 1 2 2 2 2 2
M 8813.89 42,20 2763.76 11.90 0.867 9413.84 40.14 3218.79 11.24 0.81
Points 2 1 2 1 2 1 2 1 2 1
W 19050.30 45,99 6810.70 13.55 0.72 12339.79 29.77 4019.04 8.51 0.63
Points 1 1 1 1 1 2 2 2 2 2
I 16792.48 81.06 5529.12 22.53 0.77 15382.50 70.89 5056.30 19.36 0.83
Points 1 1 1 1 i 2 2 2 2 1
X 3233C.43 45,47 9743.15 14.24 (.40 25859.24 28.52 8271.49 7.98 0.43
Points 1 1 1 1 2 2 .2 2 2 1
Y (= GDP) 39619.30 35.12 14263.10 10.41 0.67 25221.80 23.17 8040.22 6.58 (€.58
Points 1 1 1 1 1 2 2 2 2 2

Z0T



TABLE XXV (Continued)

The Taiwan Forecasting Model The Seaks Model The Seaks Model The Taiwan Fore-
1952-1973 (251.8) (Efficient Est.) casting Model
Average Average Average
MAE MAPE RMSE RMSPE TIC Points Points Points
7048.43 8.90 1744 .44 2.15 0.25 1.0 2.0 3.0
3 3 3 3 3
3452.22 31.25 867.45 9.00 0.53 .
3 3 3 3 3 1.0 2.0 3.0
529.70 8.15 137.34 2.09 0.319 "
3 3 3 3 3 1.0 2.0 3.0
2214.58 10.39 607.43 3.32  .0.33
]
3 3 3 3 3 1.6 1.4 3.0
4415.35 8.22 1098.02 2.03 0.24 .
3 3 3 3 3 1.0 2.0 .0
3452.24 1€.53 8€7.48 4.36 0.38
3 3 3 3 3 1.2 1.8 3.0
9868.73 10.31 2554.80 2.84 0.13
3 3 3 3 3 1.2 1.8 3.0
10856.51 3.09 2673.26 1.93 0.19
3 3 3 3 3 1.0 2.0 3.0
Grand Average 1.125 ‘ 1.875 3.000

€01
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change. In the case of a large sample, Chow's test, the dummy variables
technique can be used (10; 19, pp. 172-178). Since the sample size of
22 (1952-1973) in this study is relatively small, this writer proposes

a Chi-square test of the discrepancy for structural change.2 Since the
model involves a simple one period lag structure, the EAS program pro-
duces only 21 periods of actual series and predicted series. The actual
series are the original observed data while the predicted series are
series of predicted values based on the regression equation fitted. The
actual and the predicted series are compared to see whether there is any
discrepancy. Consider that there is an observed value associated with
each time period. Hen¢e, 21 time periods yield 21 observed randomly
distributed values. For convenience, however, the time series may be
rearranged in an ascendin§ (oxr descending) order of time. Similarly,
the predicted series can also conceivably be obtained in a similar
fashion.

The procedure involved in calculating the Chi-square value is:

(a) Choose one maximum and one minimum value from the Ai (actual)
and the Pi (predicted) series so that the range is large encugh to cover
the differences of maximum and minimum values from both series.

(b) The range of the difference is divided by 3 (assume that three
classes of intervals are involved--large, medium and swmall).

{c) PBased on these intervals, count the frequencies og Ai falling
in Oi and frequencies of Pi falling in Ei (where Oi ig the observed fre-~
quency and E; is the expected frequency.

(d) Based on these Oi and Ei distributions, calculate the Chi-

square accerding to the following formula:



(e)

Chi-square
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(0, - &)
1 L

Compare this Chi-square value calculated with the expected

value of 5.99. Reject the null hypothesis of no structural

change at the five percent level of significance if the Chi-square cal-

culated is
Since

Chi-square

rejected.

details of

larger.

all the Chi-square values calculated are smaller than the

value, the null hypothesis of no structural change is not

Hence, the model specification seems to be reasonable (for

the Chi-square test, see Table XXVI).



TABLE XXVI

A CHI-SQUARE TEST FOR THE STRUCTURAL CHANGE,
TAIWAN FORECASTING MODEL
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Computed X2,
Equation Class Interval 03 Ej X2 .95 Decision
Consumbtion 39,311.00- 83,496.00 11 12 No
(C§ 83,497.00-127,681.00 6 5 0.028 5.99  structural
127,682.00~-171,866.00 4 4 change
Private 2,807.00- 18,726.00 12 13 No
Investmant 18,727.00- 34,645.00 5 5 0.410 5.99 structural
(Ip) 34,646.00- 50,564.00 4 3 change
. 7,968.00- 24,543.00 14 13 No
??fs 24,544.00- 41,118.00 4 5 0.280 5.99  structural
41,119.00- 57,693.00 3 3 change
5 tion . 2/324.00- 9,307.00 14 14 No
epre&;a o 9,308.00- 16,290.00 4 4 — 5.99  structural
16,291.00- 23,273.00 3 3 change
Tmborts 4,253.00- 44,313.00 15 14 No
ﬁi) 44,314.00- 84,373.00 3 5 1.370 5.99  structural
84,374.00-124,433.00 3 2 change
iace Income  2L/619.00- 60,660.67 13 12 No
g s 60,660.68- 99,702.34 5 6 0.250 5.99  structural
99,702.35-138,744.00 3 3 change
brice Level 33.00- 61.67 7 8 No
r C}P ) 61.68- 90.34 9 8 0.250 5.99  structural
Y 90.35-119.00 5 5 change
Interest 9.90- 13.80 6 7 No
Rate 13.81- 17.70 8 8 0.310 5.99 structural
(R) 17.71- 21.60 7 6 change




ENDNOTES

lActually, there are no turning points for these variables.

2This test was adopted from Cooper (11, p. 116) with some modifi-
cations. The Chi-square in the present study was calculated from the
observed and expected frequencies rather than directly from observed
and predicted values.
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CHAPTER VII
SUMMARY AND CONCLUSION
Summary of the Study

In the preceding chapters, a macroeconometric forecasting model was
constructed for the Taiwan economy. This model is based on annual data
covering the time period 1952-1973. Following the specification and
estimation of the model, the dynamic properties and the overall perform—
ance of the model within and beyond the estimation periods were examined.
Iﬁ additibn, its performance relative to other models was also assessed.
Finally, the test of structural change was conducted.

The model is a non-linear block recursive system coﬁtaining 13
equations., The equations for consumption, private investment, tax, de-
preciation, imports, wage income,Aprice formation, and interest rate are
behavioral equations; the equations for gross investment, inflation,
capital stock, disposable income, and gross domestic product are identi-
ties. The price formation equation forms the first>block, the remaining .
equations constitute the second block. Since wage rate data are not
available, alternative versions of the price equation were tried. Based
on these trials, the equation with money supply, price of imports, and
lagged price as independent variables was chosen. The original specifi-
cation for the interest rate (R) yilelded two wrong signs and poor simula-
tion results in the estimation of the second bklock eguatiorns. Severxal

alternatives inoluding the lagged variables of interest rate, gross

163
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domestic product, and real money supply were tried. The one with lagged
real money supply and lagged gross domestic product was then selected to
replace the original specification of the interest rate.

This model is examined with regard to its dynamic properties, name-
ly, dynamic stability and dynamic multipliers. The results of dynamic
simulation indicate that, once given a departure of endogenous variables
from corresponding equilibrium values, simulated values approached equi-
librium values over time. Furthermore, all the total multipliers are
finite. Hence, the model is stable. All the dynamic multipliers, ex-
cept that of money supply, show the signs and magnitudes as expected
from a priori. Exogenous increases in government expenditure, govern-
mental investment, and transfer payments stimulate the Taiwan economy.
However, exogenous increases in the money supply, the marginal rate of
taxation, and the constant term in the tax equation have the opposite
effect. It appears that changes in government expenditures, the money
supply, governmental investment, transfer payments, and constant term of
the tax equation have little or no immediate impact on the price level,
the rate of inflation, and the interest rate.

Furthermore, the impacts and total effects on the economy resulting
from the exogenous change of twelve selected policy mixes were also
assessed. The results indicated that an increase in government expendi-
ture by one million N. T. dollars accompanied by a simultaneous decrease
in the marginal rate of taxation by 0.1 was the most effective measure
in stimulating the Taiwan economy. However, this policy mix also result:-
ed in a decrease of tax revenues. OFf 12 selected policy mixes, a com-
bination of an increase in govermmental investment of one million N. T,

dollars and an increase in the tax rate of 0.1 was the most effective
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measure in contracting the economy. However, this policy mix also
brought an increase in tax revenues.

The overall performance of the model was evaluated in terms of its
simulation fit within and beyond the estimation periods, turning points,
and sensitivity. With regard to the simulation fit within the sample
estimation period, the simulated values of most endogenous variables
(consumption, taxes, depreciation, imports, wage income, price level,
capital stock, disposable income, and gross domestic product) were off
less than 10 percent from their actual or observed wvalues. Large devia-
tions were produced by gross investment {(cff 16.53 percent), interest
rate (off 19.86 percent), rate of inflation (off 27.68 percent), and
private investment (31.25 percent). With regard fo the simulation fit
beyond the estimation period up to present, the model performed fairly
well, even if a few equations (such as private investment, interest rate,
rate of inflation, and gross investment) did not perform as well as
expected. In terms of the criteria of turning points, seven of the thir-
teen endogenous variables have no turning points missed, three missed
one turning point, two missed four turning points, and only one endog-
enous variable missed eight turning points. However, the plots indicated
that the forecasted series track very closely with the observed series
in all thirteen endogenous variables except for the interest rate. 1In
general, the performance of the model can be considered quite good in
terms of turning points. In terms of model sensitivity, the overall per—
formance within the estimation period appears to be rather stable, al-
though some variables asscciated with certain error measures are

sensitive to the initial period used for simulation.
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Compared with the Taiwan naive model, the writer's model is found
superior to overall perxformance of ex post simulation. The writer's
Taiwan forecasting model is also found superior to both versions of
Seaks' model based on overall performance of eight comparable variables.
In addition, Seaks' model is unstable. This may indicate that Seaks'
model is misspecified.

A test of the assumption of no structural change is made. The re-
sult indicates no structural shift. Hence, the model specification
seems to be rather reasonable. Therefore, the model is justified for

further use in ex ante forecasting.
Limitations and Suggestions fcor Further Studies

A major limitation of this study is that the model is unable to
predict unemployment. This limitation results from a lack of data on
employment. In addition, a compromise has to be made on the specification
of the price equation because of the lack of data on wage rate. The
problem is further compounded by inconsisténcies in the data. Finally;
the model is a small scale model because of budget limitations. It
appears that no test of serial correlation is available involving a
small sample with lagged endogenous variable and a simultaneous system
at the same time.

Construcﬁion of a quarterly model is reccmmended to increase the
sample size. Since the present study also substantiates a relatively
poor performance of monetary sector along with earlier studies, further
study in the area of mcnetary sector for the Taiwan econcmy is strongly

needed.
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Conclusions

The macroeconometric forecasting model of Taiwan constructed in
this study is considered to be superior to both the Taiwan naive model
and Seaks' model. Moreover, the model differs from all previous ones
on the Taiwan economy in that it includes price variable and monetary
sector, the simulation technique is used, and the system is of a non-
linear recursive nature. The model constructed is also based on a long-
er time period. Nevertheless, since no model is perfect, adjustments
may be necessary in the practical application for forecasting. In other
words, minor adjustments such as making small changes in some of the
model's coefficients; as well as introducing adjustable parameters at
key points in the model, are often needed so as to improve the ability
of the model to forecast (54, p. 358). Additional information, such as
governmental policy change, exogenous major events and new data, etc.,

if any, must be incorporated into the model.
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This appendix contains a detailed account of the data sources and

methods used in deriving the time series for this study.

(a)

(B)

(c)

(D)

Data Sources

Directorate-General of the Budget, Accounting and Statistics,

Executive Yuan, Republic of China: National Income of the

Republic gﬁhchina, 1976.

Directorate-General of the Budget, Accounting and Statistics,

Executive Yuan, Republic of China: National Income of the

Republic of China, 1973.

Economic Research Department of the Central Bank of China,

Republic of China: Taiwan Financial Statistics Monthly,

- February, 1976.

International Monetary Fund: International Financial Statis-

tics.

Units Used

All variables except Py, Pm, RMP, INFL, R, RR, and Ms are in mil-

lions of N.T. dollars in real terms (1971 prices). For the variables

Py, Pm, and RMP, the year 1971 is used as a base. The unit for R, INFL,

and RR is in percent, and that of Ms is in millions of N.T. dollars.

Methods Used in Deriving the Time Series

Since the national income statistics in Taiwan is compiled in

accordance with the provision of the National Accounts System of the

United Nations, the data in sources (A) and {B) are said to be in stan-

dard form ((17), p. 293). Hence, the National Accounts System will not
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be elaborated here. The national income statistics of Taiwan is com-
piled annually. Although quarterly data are available for the most re-
cent periods, they are inadequate for the purpose of this study. Hence,
the annual data are used in this study.

The data for C, I, G, X, M, and Y (= GDP) for the period 1952-1976
are taken from (A), pages 116-119. Since it is desirable to work with
the total product of Taiwan exclusive of net factor income from the rest
of the world, GDP--instead of GNP--is used. In fact, the real GDP dif-
fers only slightly from real GNP in the case of Taiwan. The data for Yd
is derived from the identity Yd = Y - D - T + Tr.

The data for Ip and Ig (gross private and government investment,
respectively) for the period 1958-1975 are taken from (A), pages 104-105,
and the data for the period 1952-1957 are taken from (B), pages 118-119.
The Ip data consist of fixed capital formation for private enterprises
and for households and private nonprofit institutions. These data are
deflated by the implicit deflator for fixed capital formation. The Ip
data also contain the increase in stocks for the private enterprises;
the data are deflated by the implicit deflator for increase in stocks.
The Ig data consist of the fixed capital formation for public corpora-
tions (including government enterprises) and for general government;
both are delfated by the implicit deflator for the fixed capital forma-
tion. In addition, Ig data also contain the increase in stocks for pub-
lic corporations (including government enterprises); these data are
deflated by the implicit deflator for increase in stocks. The deflators
for fixed capital formation and increase in stocks are given in (3},
pages 120-123. The data for 1976 are derived from (A), page 119. The

total gross domestic investment of 1976 is appropriated by the ratio of



121

the last three-year average of Ip to Ig. The data for T (taxes) for the
period 1958-1975 are from (A), pages 110-111l; and those for the pericd
1952-1957 are from (B), pages 130-131. T contains indirect taxes, busi-
ness profit taxes and direct taxes. These data are deflated by the im-
plicit deflator for gross national product as given in (A), pages 120-
123, since the deflator for taxes is nct available. The data for 1976
are derived from (A), pages 31 and 111. The data for D (provision for
fixed capital consumption) for the period 1952-1976 are taken from (A),
pages 124-127. The data for Tr (transfer payments) for the period 1958-
1975 are from (A), pages 106-107, and for the period 1952-1957 are from
(B), pages 122-123. Tr contains current transfers from the government
and from the rest of the world. This total series is then deflated by
the implicit deflator for national income as given in (A), pages 120-

123, since the deflator for Tr is not available. The figure for 1976 is
derived from 1975's figure by multiplying a three-year (1972, 1973, and
1974) average growth rate of 0.813. The data for W {wage income) for

the period 1958-1975 are from (A), pages 98-99, and for the period 1952-
1957 are from (B), pages 106-107. (Note that there is a slight inconsis-
tency of data due to the recent revision.) The series is then deflated
by the deflator for national income, since wage income is merely a com-
ponent of national income and the deflator for wage income is not avail-
able. The data for 1976 are derived from (A), pages 22 and 123, assuming
that wage income increases proportionally to that of real national income.
The data for K (capital stock) are derived from the identity: X = K_l
+ I - D, assuming that K-l = real net private domestic capital stock on
December 31 of the preceding year (defined as cumulated net investment

beginning with 1951, i.e., K 0) (see Reference (12), p. 581).

1950
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The data for Py, Pm, and RMP (the price indexes for GNP, imports,
and 100 times the relative price of Py/Pm, respectively) are either
taken or derived from (A), pages 120-123. The data for Ms (nominal
money supply) for the period 1952-1974 are from (C), page 28. For the
period 1975-1976, data are from (D), Vel. 30(3), March, 1977, page 100.
The data for R (the interest rate) are taken from (D):

for 1952, vVol. 13(3), December, 1960, p. 86;

for 1953-1957, vVol. 15(3), December, 1962, p. 82;

for 1958-1962, Vol. 18(3), December, 1965, p. 80;

for 1963-1967, Vol. 23(3), December, 1970, p. 82;

for 1968-1974, Vol. 28(4), December, 1975, p. 100; and

for 1975-1976, Vol. 30(3}, March, 1977, p. 100.

Except the discount rate is used for 1952, the end-of-pericd call
joan rate is used for the interest rate. The data for INFL (rate of in-
flation) are derived by the definition: 100(Py - Py_l)/Py_l. Note that
this is an actual rate. Theoretically, an anticipated rate should be
used; however, such a rate is not available for this study. The data
for RR {(real interest rate) are derived from the definition: RR = R
- INFL.

Finally, for a glance of the trend and shape of data, (a) C, I, G,
T8 (trade balance, defined as X - M), and Y are plotted against Time;

(b) Ip, Ig, and I are plotted against Time; (c¢) ¥, D, T, Tr, and Yd are
plotted against Time, and (d) INFL is plotted against Time.

The following Data File and plots are taken from the writer's EAS
(Econometric Analysis System) program printouts from an IBM 370/158 com-
puter at the University Computer Center, Cklahoma State University,

Stillwater, Oklanoma.
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1633.03000720
1959.79000J0
1273.3700000
987.1202920
1382.4000000
1549.0000000
1604.8:200920
1226 .4700000
1313.15023030
1552.2400000
1199.4100000

Y

57807.030003)
62333.0000000
65032, G000U0VO
23217.0000000
771162.0000000
32561. 00063000
d47221.9%00000
93392. 0000000
S8528,0000G20
105048.0000000
112744, 0000000
122347.0000000
136354.0000000
150696. 0000000
162346.0000000
179003. 0000000
195106. 0306000
211588 .0000000
234573, 00000600
261558.C000C00
292625.00U0J30039
327698. 0000000
329697.0200000
339863.00G2000
380235. 2000003

W

21213.9300000
21619.1000042
26082.9200000
21d349.5200000
301465. 4000000
31392. 00000090
33210.6100000
34682.5360000
36833.1200000
395646.7330C02
%3603.7600000
47739.1700000
264212.77100000
99225. 5400000
64537.4700000
72453.1300000
19563, 2900000
d6645.9600030
97149.5903000
i11903.0000000
12%45d.4600030
i38718.4500000
143762.2900000
1646481.5000030
162784. 8900000

Y0

47979.6500000
522¢3.91300)0
55135.03000920
53362.5730000
62338.2400000
66645.0600000
71123.41130700
1567%.5533200
80105.9100000
86161.2640200
§0802.9700010
99111.5300000
112523.31003300
122474,2000000
131856.5300000
145232.2900000
153597.0800000
162623.0000000
L80418.4003000
201187.30000G0
222570.5400000
244273.8400000
249052.73000920
251935.24u3330
262959.85000C0

K

8002.0000000
13133.0003030
19C21.0000000
23475.0050000
29059.3000000
34465.0000000
41322.0023000
44%389.0000000C
$9226.0600G00
70302.0000300
81954.0000C00
94027.0000000
108911.0000000
129793.C000000
153335.003006GQ
183266.00C0000
219377.0C00000
296142.0000200
300541.0090030
349373.08006300
397377.0000000
456005.00000C0
946346.0000000
©€18658.0000000
6938494. 0000000

€CT



08S.NO.

Ve ~N NS W

YEAR

1652.0035000
1953.0G30300
1954, 0330000
1955.003000Q9
19556.C33000Q0
1957.C03500G0
1995 .0003J300
1959.C300000
1960.03313000
1961.€33300)
1662.C0CI0020
1963 .€223000
1G64.C00J00I
1965.C300000
1965.3003200
1967.CJ0030v
1964.C0130300
196%,033J200
1970.C2923000
1971.C0030000
1972.0000000
1973.CJ00000
1$74.0002009
1975.C000000
1976. 0000000

MS

1311.0000000
15654.0002000
2096. 0000000
2523.0000000
3101.0000030
3740. 0060000
5041.000000Q
5436.9000000
5037.0000000
7231.€000000
7332.0000000
10060,0000000
13259.0€800000
14655. 0000000
17034.0030030
21d75.0009200
24649.0000000
28544 .0000000
35503.0000000
40914.0003000
$3066.0000000
8§0938. 0000000
86617.0000Qu00

109303.0000000
130560. 06000000

VARTAGLES ON EAS DATA FILE *ODATAY

R

19.38000090
21.6300000
21.6000000
21.6000000
13.9000000
18. 0000030
14.4000000
13.0000000
18.00009200
16.2000329
15.5000000
14.0000000
14.3008000
14.3000000
14.002040Q
13.3030000
14.0000000
13.30853000
12.5073000
12.3000000
11.3000000
13.3000000
14.3000000
13.3000000
12.0000000

PY

29.8400300
36. 7300000
37.0300000
41.0600000
44.7700000
48.3500000
51.5900000
$5.6500000
63.7500063
6L. 9602000
63.7200000
71. 7500000
75.4200009
15.4230039
T7.9300300
vl 5500000
87.810UCI0
92.5400000
95.7G02000
1 00. 0000000
105.0100000
118.6203000
159, 1400000
164.9200000
172.70000C0

PH

2643400000
32.1100000
36.3600000
43.2600000
$0.4200000
51.9600000
63.93800000
78.5600000
7%.0700000
84.2700000
82.1700200
84, 6900000
63.09300000
§5.4000000
90.4300000
91.3100%c00
91.08002300
92. 64900000
96.1100000
100.00G0000
110. 5400000
137.1400600
192.4700000
178.8200000
182.1802030

RMP

113.2377752
l14.34d80%11
101.9801980
3%.91447)6
88.7941293
94.03381722
80.6345733
70.8884929
82.62475629
79.4588322
83.7045150
844.7207453
90.7690456
83.3134173
85.2324450
09.3549447
95.71574558
99.83317132
160.6132759
120.0000G030
94.9972561
85 .4955520
32.6830153
92.2268203
94.27648514

INFL

UNDEFINED
23.0G33%8123
0.9523995
10.7335491
9.0355577
9.13553819
5.5d73920
T.54721766
14.3729154
5.0352941
2.7180406
4.3141157
5.11493826
0.000000E+30
3.3963251
4.6293922
7.6234%433
$.3466302
4e 4953534
3.4126163
5- 0100000
12.9506704
34.1595009
3.6320221
4. 7174388

RR

UNBDEFINZD
-1.4898123
20.6471005
10.3654509

8.95%4423

8.86441481

3.8126074
10.0527234%

3.5270246
11.1647G59
13.0819554

9.68138843

8.88501 7%
14.0000000
16.6050749

8.57356274

6.3765167

7.91336938

3.004456%

8.5373337

6.2530000

0.3393296

~19.3595C009

9.86679719

7.2825612

AN
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APPENDIX B

DYMULT PRINTOUTS—-~THE LIU MODEL



THES §5 THE- W -MATRIX--ENDOGENOUS COEFFICIENTS

1.00G090 ~.610000

a.0 0.0 G.0 0.0 0.0 0.0 0.0
0.0 1.003C0O 0.2 -1.00020 0.0 Q.0 0.0 1.00000 1.00000
6.0 0.0 1.000Q0 -.132000 0.0 0.0 ¢.0 Q.0 8.0
-1.00000 0.0 ~1.03000 1.00000 -1.00000 i.00000 ~1.00000 0.0 0.0
0.0 c.C 0.0 -.1800720E-G1l 1.00000 0.0 ¢.0 0.0 6.0
0.0 U.C 0.0 ~.115000 g.0 1.00000 G.0 0.0 Q.0
0.0 c.0 3.0 -+200000E£~010.90 0.0 1.00000 0.0 0.0
0.0 c.C C.0 ~e 144000 0.0 9.0 6.0 1.00000 0.9
0.0 0.0 3.0 -+ 100000E-Q10.2 0.0 6.0 0.0 1.00000
THIS IS THE W-INVERSE MATRIX
2.02990 1.23824 i.02930 1.02990 1.02990 -1.02990 1. 02990 -1.23824 ~-1.23824
1.68336 2.02990 1.63836 1.68836 1.68836 ~1.634836 1.68836 ~2.02990 ~2.02990
0.23354%2 0.172950 1.28354 0.283542 0.283542 -.283542 6.283542 ~.172%960 -.172960
2.14804 1.31031 2.14804% 2.14804 2.14804 ~2.14804 2.14804 ~1.31031 -1.31051
0.3865%8E~01C.235355E-C10.336448E~-010.386648E~-01 1.03366 ~e336643E~010.386648E~01-.235855E-01-.235855E~01
0.247025 0.150665, 0.247025 0.247025 0.24702% 0.7152975 0.257025% --1506385 -.150685
0.425602E-01C.262057E~010.429602E-010.429602E~-010.429602E-01~.429602E~01 1.04296 -.262057E-01-.262057€~01
6.309218 0.1330484% Q.309318 0.30%318 0.306318 -.309318 0.309318 0.811316 ~e188&484%
0.15038&3 0.9172148-310.150363 0.150363 C.150343 ~«1503é3 0.1503¢3 =.91T2L4E-010.908279
YHIS IS THE—- A —MATRIX--COEFFICIENTS OF ENDOGENOUS VARLABLES LAGGCED ONE—PERIGO
0.170000 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0 0.0
0.0 0.4 0.0 0.0 0.0 0.0 ¢.0 0.0 ¢.Q
0.0 0.0 0.320000 0.0 0.0 0.0 0.0 0.0 0.0
G.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0
6.0 0.C 0.0 0.0 0.667000 0.0 0.0 0.0 c.0
0.0 0.0 0.9 6.0 0.0 0.519000 0.0 0.0 0.0
c.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.C
0.0 ¢.C 0.9 Q.0 0.0 0.0 0.0 0.0 0.0
Q.0 0.0 G.0 0.0 0.0 0.0 0.0 0.0 0.0
THIS IS THE A% HMATRIX == G=-MATRIX + (W-MATRIX # WI~MATRIX)
C.345383 0.0 0.329548 0.0 0.686944 ~.534513 0.0 0.0 0.9
2.281021 G.C 0.540276 0.0 1.12614 ~«876250 0.0 0.0 0.0
0.43202LE-Cl0.C 0.410733 0.0 . 189122 ~-.147158 0.0 .0 0.0
C.365167 0.8 Q.031374 0.0 1.43274 =-1.11483 0.0 0.0 0.0
0.6573C1E~-022.¢ 0.1237276-010.0 Q.692739 -.203670E-010.0 0.0 0.0
0.419942E~010.C 0.790479E-010.0 0.1647646 0., 390794 0.0 0.0 0.0
0.3303228-020.C 0.137473E-010.0 0.28654%E~01~.2229632-010.0 0.0 0.0
0.525841E-010.0 0.%39818E-010.0 0.200631 -.1634%2%6 0.0 0.0 0.0
0.253617€-010.0 J.431162E-010.0 0.0 0.9

0.100292 ~+780384E~010.0

O€T



THIS [S THE-~ 8 -MATRIX--EXOGENTUS VAR[ABLES

0.0 0.0
0.0 0.0
~.125000 0.0
0.0 0.0
5.0 1.05100
¢c.0 g.C
Q.0 0.0
0.0 0.cC
0.0 0.0
-.126738 . 1.08242
-.211045 1.77447
~e160443 0.2938002
—«26E5C5 2.25159

~.4833106~02 1.09163
-.30878LE-0LU.259623

a0t s 8 8 & & P

occoocoLo ©
coocoooct ©
Qoo 0 ooOC
e« v s 8 4 et a0
QOOCOs OODO

VHIS IS THE B* MATRIX —--

[ X-X=}
« =8 9
o2000r 0CCOC

00009

OQO.DO

€ ¢ ¢

G-MATRIX + (W-MATRIX ® WI-MATRIX)

1.02990
1.634836
0.283542
2.14804

0.235855E-010.386649E-010.386648E-01

0.247025

~2537002€~020.451511E~010.2620576-010.429602E~010.429602E-01

~+386648€-010.325093
~.187954E-010.15803!

0.0 Q.0
0.0 6.0
0.0 0.C
0.0 ¢.0
0.0 0.0
0.0 0.C
0.0 0.0
0.0 0.C
6.0 0.¢C
0.0 0.0
6.0 0.0
0.0 0.¢C
Q.0 0.0
0.0 0.0
6.0 c.cC
0.0 0.0
0.0 0.0
0.0 6.C

0.917214E-010.150363

OCOCgoOoOOOOOO
NI
o0oO0OO0CCOCO
CO0OGCOOOCD
R

cooooopo00oo

CcOCOoOCOLOOO

¢ ¢ ¢ ¢ ¢ ¢ ¢ @
oOoooCcCo
[-ReRoRoReolNoNeNal Y
* e s 8 4 o4 & 4 e
CQOUDOCODOC o

0.309318
C.150303

THIS IS THE— C -MATRIX--COEFFICIENTS OF EXDGENOUS VARIABLES LAGCED ONE-PERIOD

oCooOoo0DOO
« s

[~X-NeReNoNoNNelel

THE C* MATRIX =~ QO-MATRIX ¢ {W=MATRIX * WI-MAYRIX)

el -NeloloRalola)
DRI
COOoO0OO0O00O

T€T
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S8

XXX DYNAMIC TOTAL MULTIPLIER XXX

R .

-0.230903
-0.3¢&741
~0.27456
~0.46145
-0.02527
-0.11176
=0.0C935
-0.06731
-0.03272

AG
4.83619
6.30326
1.55194
8.02574
3.58997
1.91884
0.16051
1.15571
0.56180

TR
1.81452
2.46894
0.36278
1.86833
G. 10102
0.44682
0.03738
0. 26912
0.13082

1.46894
1.99872
0.49362
2.54291
0.13745
0.5607S7
0.05086
0.346:8
0.17800

1.46894
1.99872
0.49362
254291
0.13745
0.60797
0.05086
C.36618
0.17800

zeT



TAT AL
LAG

o
N CODDN W SWN =D

—— o =
~ O b

N
[<JXY=N

[RENESTN)
O S

NNt
&~

L%
<&

30
3i
32
33
34

35

36
37
ag
39
49

INTERIM

-.2700

—.1247

- 8412E-0)
-«3487E-01
~«1431E-01
~.3%026-02
—.3948E-03
0.3434E-03
0.3209£-03
3.12909€E-03
- 1991E-04
~.83T1E-04
—-.9725%c~0%
—-.866LE-04
-.6343E~04
—-.S053E-04
~.3585E-04
-, 2493834
-« 17T12€-C%
~L17CE-N%
-.1964E-05
~.5496E-05

C=e3136E-05

~.2564E-35
—«l702E~05
-.1213€E-05
-.8351E-06
-.5754E-06
~«3960LE-0Q6
=~.2733E-0¢
~.1884%E~-06
~-.1293E-006
~.394LE-07
~.6165E-07
-.4248€-07
~e29271€-07
~.2017E-07
-« 1390E-07
-.9575E~-08
~.6597€-03
~-.4546E-08
~+31326-08

BULTIPLIERS

YD
~.3674%

-.2113

~.1020

- .4D24E-0CL
~.L262E-01
~.2410E-02
0.44048~03
0.7339E~03
0.4192E-03
J.l083E-Q23
~.6834E-04%
~.1318€-03
- .1361E-03
~+1150£&~03
-.3302€6-04
=.6377c-04
~ 4% 16E-Q%
- .3U8TE-OQ%
~,2111E-0%
-« l44CE-04
-.9328€-05
-.6719¢-05
~ 2 4G CHE~05
-.316lE~-Q5
~.2174€-05
~-.1497E-05
-+ 1031E-05%
—-27106E-06
- .4397€-06
-.3375E-06
- .232&E-06
-.1603E-06
-.1105E-06
-.J&13E-07
-.5266E-07
~.3614E-07
-.2590e~-07
-.1716E-Q7
~.1182€~-07
-.3147E-08
-.3613E~C3
~«3363E-08

FOR THE EFFECYS OF YHE EXOGENOUS VARIABLE R
e A4 G M

~e2745 ~.48T4 -.2527E-01 =-.l11l8

-. 1604 ~e 2685 -.4833E-02 -.3088€E-01
~.084TE~OL =.1294d -.9560€E~02 ~.3095E-01
~.2863E~01 —.5124E~-01 =.4631£-02 =-.2196E-01
~al1130E-01L =.1600E-0L =.3373E-02 ~-.1324E-01
~«4020E-02 =~.3066E-02 =~.2308E-02 =—~.7226E-02
~.12126-02 O0.5603E-03 =-.1530E-02 ~.3630E-02
-+2639€~-03 D.9400E-C3 =-.1003E~02 ~.1805€-02
-«1404E-04 0.5333E-03 -.6596E-031 ~.8753E-03
0.1377E~04 0.1384€~03 =~.4374E-03 -.4384E-03
—.6T33E-05 ~—.8440E-04 =~.2933E-03 ~.2372E-03
—-+.2428E-04 =.167GE-03 =-.19480E-03 ~.14254E-03
~+30626-04 —=.1731E-03 ~.1356£-03 =.9382E-04
-« 2911E-04 ~.14%63E-03 =~.9309€~04 =.6551E-04
-e2410E-04 ~,11206-03 ~.6%LGE-0% ~.%0BBE-O4
~.1842E-04 ~.3113E-04 ~.4422E-04 ~.3364E-04
-« 1341E-04 —-.5694E~-04 ~.3052€-04 =—.2402E-04
~29%76E-05 ~.3927E-04 =.2106E-04 =.1693E-04
~o55T3E~05 =.2686E-04 —.1453E~064 ~.1190E-04
~e4524E-05 -—.13326-04% =~.1002€~-04%4 ~—.828%E-05
~«3092E~05 =.1250E~04% =-.6910E-05 -—.5734€-05
—.2123E8~05 —.854J)E-Q05 =~.4763E-05 =.396lE-05
-.14526-05 -.5354E-05 =.32d2£-05 -.2729E-05
~.9954E-06 =.4022£-03 =~.226L2E~-Q05 -.1879E£-05
~<6U36E-C6 ~.2T&L6E~-05 -.1558E-0% —-.1293€E-05
~.4701E~G6 =.1904E-05 ~-.1074E£-05 =-.8902€-0¢4
~«3236E-06 =.1312E-05 -.7398E-06 =.6129E-06
~+2229E-06 =~.9N40E-06 ~.509T7E-06 —.4221E-006
~e1530E-06 =~.6231E~-0& =-.3512E-06 =~.2907E-06
~«1056E-06 =.429¢E-06 =.,26420E-06 ~.2003E-06
~.T293E-07 —,2960E-06 -.1667TE-06 -.138JE-06
~e5026E-~07 =-.2040E-06 <=.LlL49E-06 =.9506E-Q7
~« 34464 E=0T —J1406E-06 =~.7915€-07 =~.6550E-07
-« 2387E-07 =—.%686E-Q07 =-.5454E-07 =-.4513E-07
-« 1645€E-07 —.4L6T4E-07 ~.375BE~-0T7 =~.3110E-07
~.1133E~07 —.4599E~07 =—.2589E-07 —-.2143E-07
~.7809E-08 =.3169E-07 =.Ll734E~07 =-.1477€E-07
-.533LE-08 ~-.2133E~07 =-.1229€-07 ~.1017E-07
-« 370QIE-Q06 =.150Q04E-07 =.4%70E-08 =—~.7010E-08
-.25552-08 ~.1036E-07 =-.5830E-08 =—-.4830€-08
~ab760E-08 ~.7141E-08 =~.402lE~08 <=.3326E-08
~el213E-08 =.4921E~-08 =~.2771E~08 =-.2293€-08

v
~+9349E-02

~.5370€-02
-«2596E-02
~.1025€-02
=--3212€-03
-.6132E-04
0.1121E-04
0.1840€-04
0.1067E-04%
0.2T68E~05
~.1688€-05
-.3353E-05
~.3463€E-05
—~«292SE-05
~+2240E-05
~-1623E-05
-.1139E-G5
-.7855€-06
~.5372€E-03¢
~«3665E-06
~.2501E-06
--1710E~-06
-.1172€-06
-.8044€-07
-.5532E-07
~.3800E-07
~e2624E-07
=.l808€-07
~.1246E-07
~.8539€-08
-.5919E-03
~+4079E-08
~.2811E-08
-<1937€-08
~.1335€-08
~e9197E-09
-.6337€-09
~e4366E~09
~.3008€-09
-«2073E-0Q9
-el428E-09
~.9841€~10

T
~.6731E-01

-.3866E-01
-« 1865€E~-01
-+7379E-02
~.2313E~02
~.4415E-03
0.80468E-04
0.13564€-03
0.7679E-04
0.1993E-04
~.1215£-0%
-e2414E-04
—+2493E-04
~«2106E-04
-+ 1613E-04
~.1166E-04
-.8200€E-05
~«505%E-05
-+ 2868E-05
~e2639E-05
-.1801E~05
-«1231E-05
~«8435%5E-06
-«5792€E-06
~+3983€E-06
-.2752E~-06
-« lBBYE~-06
~-<1302E-0Q6
=.8972E-07
-.6184E~-07
-.4262E-07
-.2937&E~-07
~.2024E-07
—-.1395€6-07
~e«3611E-08
-« 6622€-08
~-4563E-08
~<3144E-0C8
-.2166E-08
-«1493E-08
-.1028E~-08
~e7086E-09

S8
-.3272E-01L

-.1880E-01
~.9036E-02
-.3581€~02
-~ 1124E-02
~.2146E-03
0.39226~04
0.6530E-04
0.3733E-04
0.9687E-05
-.5908E-05
-<1174E-04
-.1212E-0%
~.1024E-04
-.7839E-05
-.5619E-05
~-e3986c-05
—.21496-05
~.1880E-05
- 1283E-05
~.8753E-06
~.5984E-06
-.4100E- 06
-.28156~06
~.1936E-06
~.1333£-06
-.9133£-07
-.6326E~07
-.43626-01
-+ 3006E-07
-.20726-07
~.1428E-07
-.9839E-08
-.6730E-08
~.4672E-C8
-.3215€-08
~.221E-03
~.1523E~08
-.1053E-08
-.7255E~09
-+ 4999E~09
- «3444E-09

€€T
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4.636

1.042

1.033
0.8228
0.58&45
0.37038
0.2402
0.15%9
0.1023
0.6810E~0L
C.453%1E-01
0.3127€E~-0L
0.2145-01
0.1478E-01
0.102CE-0L
6.70428-02
€.4863€-02
0.3357€-02
0.2316E8-02
0.1597€-02
C.110lE~02
0.7536E-03
0.5227E-93
0.36026~03
0.2431E-0Q3
C.1710E-03
0.1178E-03
0.8116E-04

T0.5592E-04

0.33853E-0%
0.2655E~04
0.1829€E-04%
0.1260E-04
0.8634E-09
0.549342~-05
0.4123E-05
0.2841E-05
0.1957€E-05
0.1349€-05
0.9293E-006
Q0.&6%03E~06
0.4412E-06

Yo
6.338

L.774

1.474

1.067
C. 6561
0.5536
0.2904%
C.1836
0.1243
0.8312£-01
0.5529E-01
0.3847E-C1
0.2645E-01
0.1d24E-01
0.12602-01
C.d733E-02
0.6010E-02
Va4l 43802
0.2461€-02
Q.1973€-02
J.13608-02
0.9369E-03
0.6455E-03
0.44432-03
G.300%E-03
0.21i1e-02
0.1453£-03
3.1302&-03
0.690352-04
J.4758E-04
0.3273E-04
0.2259€-04%
0.1556E-0%
0.1072E-0%
0.7339€E~03
0.5091E-05
0.3504€-05
0.24117E-05
0.1665E~05
G.1148E-05
0.79076-06
0.544dE~06

Ie
1.558

0.2989

0.3423

0.2859

0.2033

C.1%423

0.9431€E-01
0.6186E-01
0.4067E-01
0.26G9171€£-01
0. 1304E~-OL
0.1225E-01
0.8362€-02
0.5740E-02
0.3953€E~-02
0,2726E~Q2
0.18682€-02
0.1299E-02
0.8960E-03
0.6130E-03
0.4261E-03
0.29371€-03
0.2024€-03
0.1395E-03
0.9609€-04
0.6620€-04
0.4561E-04
0.3143E-04
0.2165E-04
0.1492€-04%
0.1023E-04
0.7063E-05
0.4380E-05
0.3363E-09
0.2317E-05
0.1596E-05
0.1100E-~0S
0. TST9E-00
0.5222€~06
0.3594E~Go
0.247%E~06
0.1708E-006

8.0246

2.253
1.875
1.332
Q.4857
0.5733
0.3694
0.2400
0.1561
0.105%7

0. 71461E-01
0.48%5E~01
0.3365E-01L
0.2321€-01
0.1603E-01
0.1107€-01
0.7546E-02
0.52717€-02
0.3640€E-02
0.2510€-02
0.1730E-02
0.1192e-02
0.8213E-03
0.565%49€-03
0.339%€-03
0.268LE-03
0.1451E-03
0.1275€-03
0.8786E-04
0.6053E-04
0.417LE-04%
0.2d74E-04%
0.1980E-0%
Q.1344E-04
0.9401E-05
0.6478E-05
G.4463E-05
0.307%E-05
G.2119E-0Q5
0.1460E-Q5
0. {006E~-0Q5
0-6931E-06

IG
3.590

1.092
0.7619
0.5321
0.3709
0.2577
0.1785
0.1234
0.48515€E-01
0.5870E-01
0.4044E-01L
0.2786E-01
C.191vE~0]
0.1321€-01
0.9103€E-02
0.627TLE-02
0.4320€E-02
0.2977€-02
0.2051€E-02
0.1413E-02
0.9737€E-03
G.06T0GE-U3
0.46236-03
0.31a5€-03
0.21956-03
0.19128-03
0.1042€-03
0. 7L79E-0Q4
0.4947E-04
0.3406€-04
0.234%E-04
0.1618€-04
0.111%E-04
0.7662E-05
0.5293€6-05
0.3647E-05
0.2513E~05
0.1732E-05
0. LL93E-05
0.8221E-06
0.5064E-06
0.3903E~-06

1.919

0.259%

G.3503

0.3350

0.2757

0.2090

G.1510

0.1060

0.7318€6~-01
0.5014£-01
0.3426E-01
0.2341E-01
0.1602€-01
0.1093€E-01
0.7544E-02
0.51383€-02
0-35%72E-02
0.2441£-02
0.1696E-02
0.114&9E-02
0.8055€8~03
0.5551€~03
0.382%€-03
0.2636E-03
0.18l6E-03
0.1252€-03
0.3624E-04
0.5942E-04
0.4094¢E-04
0.282LE-04
0.1944E-04
0.13379€E-04
0.9228E£-05
0. 6352€E-05
0.4381€E-05
0.3019€-05
0.2040€-05
0.1433€-05
0.9875E~06
0.6804E-06
0.4488E-006
0.3230E-06

v
0.1605

0.4515€E-01
0.3749E-01
0.2664€E-01
O.l7T71E-01
Q.1147€E-01
0.7388E~-02
0.4800€E-02
0.3163€-02
0.2115€-02
0.1432€E-02
0.9793€-03
0.6731E-03
0.4642€~03
0.3206E~-03
0.2214£-03
0.1529E-03
0.1255€6-03
0.728UE-0%
0.5019€-04
0.3459E-04
0.2384E-04
0.1643E-04
G.1132€E-04
0.77971€-05
0.5312€6~05
Q2.3701E-05
0.2550E-05
0.17T57€-05
0.1211E-GS
0.d342€E~-06
0.5748E-06
0.3960E-0Q6
0.2729E-06
0.1380E-086
0.L295€E-06
0.8926E~07
0.6150E-07
0.4238€-017
0.2920€-07
0.2012€-07
0.13386€E~0Q7

1.156

0.3251

0.2700

0.1918

0.1275

0.8255E-01
0.5320€-01
0.3456€-01
0.2277€-01
0.1523€-01
0.1031€-01
0.7049E-02
0.4846E-02
0.3342€-02
0. 230dE-02
G.1594€E-02
0.1101E-02
0. 7599£-03
0.5241€-03
0.3614€-03
0.2491E-03
0.1716E-03
0.1183E-03
0.81%8E-04
0.5614%E-0%
0.386E6E-04
0.2665E-04
0.1836E-04
0.1265E~C%
0.8717€-05
0.86006E-0>
0.4138E-05
0.2851€-05
0.1965E-05
0.135%4E-05
0:9320E-06
Q. 6427E-C6
0.442BE-Q6
0.3051€-06
0.2102€E-06
O.1449E-06
0.9981€-07

$6

" 0.5613

G. 1530

0.1312

0.9324€-01
0.6200E-01
0.4013E-01
0.2536E-01
Q.1680E~-0L
G.1107€-01
0. 7502€~-02
0.5013€-02
0.3426E-02
0.23564E-02
0.1625€-02
0.1122€-02
0.7751E-03
0.5352E-03
0.36%94E-03
0.2548E-03
0.1757€-03
0.1211E-03
0.8344E-04
0.5749E-04%
0.3961E-04
0.2729E-04
0.1880E-04%
0.1295€E-04
0.8926E-05
0.6150€-0%
0.4237e~-09
0.2920E-05
0.2012E-05
0.1384LE~05
0.9951E-06
0.6381E-08
0.4534E-0&
0.3124E-06
0.2153E-06
0.1483E-06
0.1022E-06
0.7042E-07
0.46852E-07

PET
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1.81%

1.238
0.4200
0.1267
0.3118€-01
0.2002E~02
-.3821E-02
-.3139E-02
-.1501€-02
~.3440E-03
0.2275E-03
Q.49164E-03
0.4146E-03
0.34156£-03
0.2566E-03
0.1834E-03
0.1274E~-03
0.8724E~04
0.5944E-04
0.4045E~-0%
0.2757€E-04
0.1885€-04
0.1292E-04
0.88712€-05
0.6103E-05
0.4203E-05
0.2890E-0%
0.1994E-05
0.1376E-35
0.9485c-006
0.56537E~06
0.4505E-Co
0.3104E-06
0.2139€-06
0.1474E-06
0.101&6E-06
0.6%98E~-07
0.482LE-07
0.3322E-07
0.2289€-07
0.1577€~-07
C.1087E-07

Y0
2.%69

2.030
0.3543¢4
0.9561E-01
0.1496E-01
=+5410E-02
~.6332E-02
~«a0T9E~02
~.158%€~-02
-.14576-03
0.4633E-G3
0.6191E-03
0.5536E-03
0.45%4E-03
0.32568-03
0.2291E-33
N.15736~C3
3.1074E-03
0.7312€-04
0.6974E-04
0.3393E-04
0.2321E-0%
0.1592€~04
0.1394E-04
Q.7533E-05
0.5190c~-05
0.35776-0%
Q.2465E-05
G.16%9€-05
0.1171E-05
0.8073E-Co
0.5563E-06
0.3334E-00
0.2642E-06
0.1820€E-0o
0.1254£-05
D.ab41E-07
0.5%54€-017
0.41026-07
0.23827£-07
0.1948E-07
0. 13426~07

| 4
0.3624

0.1730

0.1130

0.5222e~01
0.1922&E-01
0.5243E-02
0.5304£~03
~.5154E-03
~.4311E-03
~-.1624€-03
0.26 TLE-Q4
0.11256-03
0.1307€-03
0.1164E-03
0.9193E~-0Q4%
0.6789E-04
0.4322E-04
0.3350E-C4
0.2300€E-04
0.1571E-04
0.1073€E~-04
0.7330€-05
0.5020E~-05
0.3464%E-05
0.2367€E-05
0. 1629€E-05
0.1122€-05
C.T7731E-06
0.5323€E~Co
0.35672E-06
0.2531€-00
C.174%E-06
0.1202€-Go
0.8282€-07
0.5707€-07
0.3932€-07
0.271JE~07
0.1367€-07
0.124d0E~07
0.8863E~-08
0.6107€~03
O« 4204E~-08

1.869

1.210
0.436%
0.1216
0.1904%€E-01
-.6833€-02
~.8592E6-02
~.5190E-02
~.2017€-02
~.1854E-03
0.5965E-03
0.7877E-03
0.7L70€-03
0.5653E-03
0.4142€-03
0.2915E-03
0.2007E-03
0.1369E~013
0.9303E-04%
0.6329€E-0¢4
0.43176-04
0.2953E-04
0.202uE~04%
0.1392E-04
0.9584E-0S
. 6603E~05
0.4550E-05
0.3137E-C5
0.2162E-05
0.1490E-CS
0.1027E-03
0.7078E-06
0.487TE-06
0.3381E-06
0.2316€E-06
0.1596E-06
0.1099E-06
0.7575€~07
0.5219E-07
0.3594E-07
0.2473E-Q7
0.1707E~07

HH
0.1010

0.2359C-01
0.2359€-01
0.1793€~-01
0.12130€-01
0.8030E~-02
0.5233E-02
G.3397E-02
0.2230E-02
Q.1484€-02
0.1000€-02
0.6814E-03
0.4875E-03
0.3220E-03
0.,2222€-03
0.1535€-03
0.1060€-03
0. 7314E-04
0.5046E-Q4
0.3480€-04
0.2399€E~ 04
0.1653€E-04
0.1L39€E~-04
0.7843E-05
0.5407E-05
0.3725%5€-05
0.2567E-05
0.11T68E-05
0.1218€E-0%
Q0.839%E-06
0.5785€~-06
0.3986E~06
0.2746E-08
0.1892€-06
0.1304E~-0Q6
0.d944E-07
0.6190€-07
0.4265E~07
0.2939€-07
0.2025€-07
0.139%€~07
0.9al3E~-08

M
0.44638

0.1507

0.1234

0.3065E-01
0.4%05E-01
0.2207€-01
0.1045€-01
0.4829€-02
N.2214E-02
0.1159€-02
0.6701€~-03
0.4384€-03
0.3100€-03
0.2259€-03
0.1649€-03
0.1191E-03
0.8489€E-04
0.5980E-04
0.41J3E~04
0.2894E-04
Q.1998€E-04
0.1377e-0¢4
0.9474E-05
0. 651d8E-05
0.443%E-05
0.3037€-05
0.2124E-0S
0.1464E-05
0.1003€E-0S
0.69471€-06
0.4737E~06
0.3298€E-06
0.22713E-06
0.1566E-06
0.1079E~0%
0.74356-07
0.5123E-07
0.3530€~-07
0.2432€-07
0.1676E-07
0.1155€-07
0.7957€£-08

v
0.3738€E-01

0.2621€E-01
0.8737€-02
0.2433€E-02
0.3307€-03
-.1377€-03
-.1733€-03
~-.1038€~03
-.4034E-04
~.3703€~GH
0.1193E-04
0.1575€E-0%
0.1434E~-04
0.1131€-04
0.8284E~05
0.5829€-05
0.4014€-05
0.27137€-05
0.1861E~GS
0.1266E-05
0.8633E-C6
0.59CLE- 06
0.4051€E-06
0.27185€E-C¢
0.1917E-06
0.1320€-06
0.9101€-07
0.6273E-07
0.4324€-07
0.2941€-07
0.2054E-07
0.14106E-07
0.9755€-08
0.6722€-038
0.4631€-08
0.3191E-08
0.2199€E-08
0.1515€-08
0.1044E-08
0.7192€-09
0.4956E~09
0.3415€-09

1
Q.2691

c.1887

0.6291€-01
0.17528-01
0.2741E-02
-.9912€E-03
~.1252E-02
=« T4 14E~03
~.2904€E-03
—-.2670E€E-04
0.8589E- 04
0.1134E-03
0.1033E-03
0.81l41E-04
0.5964E-04
0.4197E-04
0.2390E- 04
0.1971&E-04
0.1340E-C4
0.9113€-05
0.6216£-05
0.4252€E-C5
0.2917€E-0Q5
0.2005€-05
0.1380E-0C5
0.92508€E~-06
0.6553€~06
0.4517E- Do
0.3113€E-06
G.2146E-Co
0.1479€-06
0.1019E-06
0. 7023E-07
0.4540€-07
0.33356-07
0.2298E-07
G.1583€-07
0.1091€E-Q7
0.7516E~038
0.5173E-03
0. 3568E-08
0.2454E~-08

S8
0.1308

0.9172E-01
0.3054E-01
0.8515€E~-02
0.1333€-02
~<4818E~03
~.6084E-03
-.3633E£-03
-.14126-03
~+129dE~04
0.4175E-04
0.5514E-04
0.5019£-04
0.3957E-04
0.2899E-04
0.2040€E~04%
0. 1405 E~-04%
0.9530E-GS
0.6512E-05
0.4%430€-05
0.3022€-05
0.2067E-05
0.1416E~05
0.97417E-06
0.6709E~-06
0.46226-06
0.3135%E-06
0.2196E-0¢&
0.1514€E-06
0.1043E-06
0.719CE-07
0.4955e-07
0.3414E-07
0.2353€E-07
0.1621E~-07
0.1117€-07
C.7696E~08
0.5302E-3¢
0.3653e-08
0.25172-08
0.1734E-08
0.1195E~08

GET
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1. 469

1.030
0.3434

§.9561E-01
0.1496E-01
-.5410€~-02
-.5658325-02
-.4C19E-02
~.1585£-02
~.1457E-03
0.46838E~-03
0.619LE~03
0.5636E~03
0ebbb4E-03
0.3254E~03
0.2291€-03
G.1573E-03
0.1076E-03
0.73126-0Q4
0.49574E-04%
0.3393E~-04
0.2321E-04
0.1592E-04
0.1054E~-04
0.7533€-05
0.5150£-05
0.3577£-05
0.2465E-05
0.165%E~05
0.1171E-05%
0.8073E-06
0.5563E-06
0.383%4E-06
0.2642E~-06
0.13206-06&
0.1255€-06
0.8641E-07
0.5954E-07
0.4102€-07
0.2827E-07
0.1948E-07
0.1342E-07

Y0
1.999

1.583

8.21539

0.56i05E-01
-.2113E-C2
-.13046-01
-.3692€-02
—41864E~02
-.1462E-02
€.2029€-03
0.30926-03
0.3343E-03
0.75132-03
0.5714C~03
0.405%E-03
0.2344E-03
0.1943E-03
0.1324E-03
0.49895-04
0.6117E-04
0.4176E-04
0.2869E~04
0.1563E-06
0.13536-04
0.$299€-05
0.5403E-05
0.44175-05
0.3045E-35
0.2099E-05
0.l44TE-05
0.5970E-06
0.68726~06
0.4734E-06
0.31262E-06
0.2243E-06
0.15%9E-35
0.1067E-06
0.73526-01
0.5066E~07
0.34%0E-07
0.2405E-07
0.l057E-07

ip
0.4936

0.2835

0.1371

0.5411E-01
0.1696E-01
0.32368E-02
~<5916E-03
=+9927€-03
~.5632€-03
~.1461E-03
0.89136~-04
0.17TWE-03
0.1828€~-03
0.1545€~-03
0.1183€E-03
0.35¢4E-04
0.6013E-04
0.4147E-04
0.2837€-04
0.1935E-04
0.1320E-04
0.9023E-0>
0.6186E-05
0.4247E-05
0.2921€-05
0.2011€E-05
0.1385E-05
0.9540E-05
0.6560E-06
0.4535%E-Ca
0.3126E-06
0.2154€-06&
0.1484E~C6
0.1023€E~06
0.70448E-07
0.48%6E~-07
0.334568-07
0.23C5€E-07
0.1589€E-07
0.1095g-07
0.71541E-0C8
0.5196€E-08

v
2.543

2.148

0. 3519

0.77648E-01
-«2095E-02
-.165%9€E-0Q1
--1233E-01
-.60854c~-02
-.1860€E-02
0.2531E-03
0.1029E-02
0.1125E-02
0.9559€-013
Q.7270E~-03
0.5215E-03
0.3624E~-03)
0.2423E-03
0.1684E-02
0.1144€-03
0.7782E-04
0.5313E-04
0.3634E-04
0.2493E-04
0.1713€-04
0.1183€E-04%
0.8153E~-05
0.5623E~-09
0.3824E-05
0.2670e-05
0.1341E~-05
0.12635-05
0.8751E-006
0.6023€~-06
J3.4150E-06
0.2860E-06
0.1970E-06
0.13538€E-06
0.9354€E~-07
0.6445E-0Q7
0.4441E-07
0. 3060€E-Q7
0.2108E-07

G
0.1375

0.3366E-C1
0.3211€-01
0.2281&E-01
0.1517E-0L
0.9819€~-02
0.6327€-02
O.41LLE-Q2
0.2708£-02
0.1211€E-02
0.1227€-02
0.8383€-03
0.5764€E-03
0.3975€-03
0.2145E-03
0.18%6€E-03
0.1309e-03
0.9037E-0%
0.6234E-04
0.4294E~04
0.2962E-04%
0.2041€-04
0.1407E-04
0.9691E-05
0.667T7TE-05
0.4600E-035
0.31L70€-05
0.2184€E-05
0.150%E-05
0.1037€-05
0.7143E-06
0.4922E8-06
0.3391€E-06
0.2337€-06
0.L610€E-06
0.1109€E~-06
0.7644€~-07
0.5267€-07
0.30629E-Q7
0.2500&E-07
0.1723€E-07
0.1187E~07

VARI ABLE G

M
0.60G80

0.2470

0.1686

0.5642€-01
0.4973&£-01
0.2390E-01
0.21093E-01
0.5Q003€-02
0.2383€-02
0.1266E-02
C.771%6E-03
0.5319£-03
0.3860€£-03
0.2839€-03
0.2073E-03
0.1493E-03
0.1060€E-03
0.7437€-04
0.5179E~04
0.35BlE-04
0.2469E-04
0.1700E-04%
0.11I0E~0%
0.8046E-05
0.5536€E-05
0.3311E-05
0.262%€-05
0.1807€-05
0.1245E-05
0.8519€-06
0.5911e-06
0.4073€E-06
0.280Q7€-06
0.1934£-06
0.1333€E-006
0.9182E-07
0.6327E-07
0.4359€-07
0.300¢E-07
0.2070€-07
0.1426E-07
0.9825€-08

v
0.5086€E-01

0.4296€-01
0.7T020€-02
0.1553E~-02
-<5390£&~04
~«3313E-03
~.2466E-03
-.1217€-03
~+3720E-C4
0.5163E~-05
0.2059 E-04
0.2250€-04
0.1912€-04
0.1454E-04
D.1043E~-04
0.7247€E-05
0.4957TE-05
0.3366E- 05
0.2287€-05
0.1556E-05
0.1062E-05
0.7276E€-06
0.4995E-06
0.3436E-06
0.23466E-06
0.1631€E-06
0.1124E-00
0.7148E-07
0.5341E-07
0.3631E-07
0.2537€-07
0.1748E~-C7
G.1205€-07
0.8300€-08
0.5719€E~08
0.3941€-08
0.2715E-08
0.187LE-03
0.1289E~-08
0.88381€E~-09
0.6120E-09
0.4217€-09

.

¥
0.3662

0.3093

0.5054E-01
C.1119€E-01
-~.3881€E-03
~.2389E-02
~e1775E-02
—.876%E-03
-+2678E-03
0. 3717€E- 04
0.1482€-03
0.1620€-03
0.1377€~03
0.1047€-03
0.7509E-04
0.5218E-04
0.3569€-04
0.2425E-C4
C.l647E-04
0.1121€-04
0.7650E-05
0.5239E-05
0.3597E-05
0.24174€-05
0.1704€-05
0.1174€~-C5
0.8092€-06
0.5578€E—~06
0.3345E-06
0.2650€-06
0.1827€-06
0.1259€-06
0.8673€E-07
0.5976€E-07
0.4118€-07
0.2837E-07
0.1955€-07
Ca1347€-07
0.9281E~08
0.6395E~C3
0.4406E-08
0.3036E-048

3
0.1780

0.1504
0.2457€-01
0.5437€~02

~-.1886E-03

—~.l161€E-02
~.8632E-03
-.4260€-03
-.1302E-03
0.1807E~-04
0.7206E-0%
0.7876E-04
0.6691E-04
0.5089E-04
0.3650E-04
0.25317E~-04
0.1735€~04
0.1179E-04
0.8005E-05
0.5443E-05
0.3719€-05
0.25476~-G5
0.1743€E-05
0. 1203€-05
C.8282E-06
0.5707€-0¢&
0.3934E-06
0.2712€6-06
C.1869€-06
0.1288E-06
0.837T9E-07
0.6119E-07
0.4216E-07
0.2905€-07
0.2002&-0Q7
0.1379E-07
C.9503E-08
0.56548E-08
0.4512E-08
0.3109€-08
0.2142E-08
0.1476E-08

9€T



TOT AL
LAG

OENOWVMELWINr O

INTERIM HULTIPLIERS FOR THE EFFECTS OF THE EXQGENOUS VARIABLE X

1.469

1.030
0.3434
0.9561€E-01
G.1496E-01
-«541C0E-02
-.6832€6~02
~«4379E-02
-.15858-02
~.1457E-03
0.468YE-03
0.61951E-03
0.5636€-03
0.4444E~03
0.3256E-03
0.2291€E-03
0.1573E-03
0.1076E-03
0.1713128-04
0.4G74E~-04
0.3393€-04
0.2321E~0%
0.1592€E-04
0.1094€-0%
0.7533E-05
0.5190€-0%
0.3577€~05
0.24655-05
0.1695E~-05
0.111711E-05
G.B80T3E-06
0.5563E-36
0.3834E-06
0.2642E-0¢6

«1820E~06
C.12542~00
0.8641E~07
0.5954E~07
0.4102E~07
0.2827€~07
0.1543E-07
0.12426-07

YO
1.999

1.688
0.2759
0.6L0%-01
~.2118E-02
-.1304E~-01
- .3652E-02
~.4784E-02
-.L46862E-02
0.202%E~-03
0.3092E-03
0.3343E-03
Q.7513E-03
0.5714E-03
0.4399€-03
Q.2348€~-03
0.1G40£-03
Q.1324E-33
0.393+8-04
0.6117€-04
0.4175E-04
0.2860E8-04
0.1903E~-04
J.1350€E-04
0.3299%€E-05
J.64J8E-05
Q.4417€-05
0.304%3-C5
0.2U04%9€E~-05
U.1447€-05
D.397CE~-Co
2.6370E-006
C.%1346~06
0.3202E~06
0.22%54€E-06
Q. 1549€E-06
0.10078-006
Q0.7352€-07
0.50406E-07
0.3490E-07
0.2405£-07
Q.la57E~C7

Ie
0.4936

0.2835

0.1371

0.5411&~-0L
0.169%E-01
0.3238E~02
~e5916E-03
~«9927E-03
-.5632€E-01
~+1461E-03
0.8913€£-04
0.1770€-03
0.1328E~-03
0.1545E-03
0.1183E~-33
0.8568E~0%
0.&6013E-04
0.4147€E~04
0.2837E-04
0.1935E-04
0.1320E-04
0.9028€E-03
0.62ELE~ 0>
0.4247€-05
0.2921E-05
0.2011E-05
0.1385E-05
0.9545E-06
0.6530E~C6
0.4535E-046
0.3125E-06
0.2154€-~06
Q.l1484E-06
0.1023E-06
0.7048E-07
0.4856E-07
0.3240E~07
C.2305&-07
6.1539E~Q7
0.1095E~07
0.7541E~08
0.5196E-04d

2.543

2.148

0.3510

0.7763E-01
—~.2665E~02
~«1659€E-01
-.1233E-01
~.6086E-02
—.1860€-02
0.258LE-03
0.1029E-D2
0.11258-02
0.9559€-03
0.72708-03
0.5215E-03
0.3624E-03
0.2478€-03
0.1684E-03
0.1144E-013
0.7742E-04
0.5313E~-04
0.3638E-04
0.2498E-04%
0.171dE-04
0.1183€E-04
0.8153E-05
0.5620E-05
0.3374€E~05
0.2670€-05
0.1341€E-05
0.1263E-05
0.87415-06
0.46023E-06
C.4150E-06
0.286JE-06
0.1970€E-0%
0.13%3E-06
0.9354€-07
0.6445E-07
0.4441E-027
0.3060€~07
0.210Q08€E-Q7

16
0.1375

0.3864E-01
0.3211E-01
0.2281E~01L
0.1517e-01
0.9419E-02
0.5327€-02
C.4111E-02
0.27045E~C2
0.1lu8liE-02
Q.1227&-02
0.8383E-03
0.5764E-03
0.3975€-03
0.2745€-03
0.1896E-C3
0.1309E-03
0.3037€E-04
0.6234E-04
0.4298E-04
0.2962E-04
0.2041E~04
0.1407E-04
0.9691E-Q5
0.6677€-95
0.4600E-05
0.3170£-05
0.2104€E-C5
0.150%E-05
0.1037€-05
0.7L43€E-06
0.4922E-06
0.3391E-926
0.2337E~-06
0.1610E-06
0.1103€E-0Q6
0.7644E-07
0.5267E-07
0.3629€-07
0.2500€-07
0.1723€E-07
0.1187€E-07

0.6080

0.2470

0.15688

0.9642€-01
0.49713E-01
0.2390E-01
0.10v3€-01
0.5003E-02
0.2333€-02
0.1266E-02
0.7756E-03
0.5319€£~-03
0.3860E-0Q3
0.283%9€-03
0.2673E~03
0.1493E~-03
0.1060E-03
0.7437E~-04
0.51756-04
0.3581€E-0%
0.2469E-04%
0.1700€-04
0.1170&-04
0.8046E-05
0.5536E-0%
0.331L1E-05
0.2624€-05
0.1807¢€-05
0.1245€-05
0.8579E~06
0.5911E-06
0.4073E~08
0.2807E-086
C.193¢E-06
0.1333E-06
0.9182€E-07
0.6327€-07
C.4359€-07
0.3004E-G7
0.2070€-07
0.1426E-07
0.9825€-08

v
0.5086€-01

0.4296E~-01
0.7020€-02
0.1553€-02
~<5390E-04%
-.3313€-03
-.2466E-03
-.1217€-03
-.3T20E-04
0.5163E-05
0.2059E- 04
0.2250€E~04
0.1912E-04
0.1454€E-04
0.1043E-04
0.7247£-05
0.4957€-05
£.3368E-05
0.2281E-05
0.1555€-05
0.1062E-05
0.7276E~-06
0.4995E-04
0.3436E-06
0.2366E~06
0.1631E~06
0.1124E-06
0.77T48E-07
0.5341E-07
0.3631E-07
0.2537&-07
0.1748€E~07
0.12058-07
0.8300E-08
0.5719€-08
0.3941E-08
0.2715€-08
0.1671€E-08
Q0.1289E~08
0.833LE~-Q9
0.6120E~09
0.4217E~-09

0.35662

0.30%3

0.50%4€E-01
0.1119€-01
~«3881E-03
~.2389E~02
~«1776E-02
~«8764€E-03
~.2678€-03
0.3717€-04
0.1482€-03
0.1620E-03
0.1377€E-03
0.1047€-03
0.7509E-04
D.5213E-04
0.3569E-04
0.26425€E-04
0.1547E-04
0.1121E-04
0.7650E-05
0.5239€E~-05
0.3597c-05
0.2474€-05
0.1704€E-05
0.1174E-05
0.3092€-06
0.557bE-C6
0.3845E-06
0.265CE-06
0.1827€~06
0.1255E-06
0.8673€-07
0.5976E-07
O0.4118€-07
0.2837E~-C7
0.1955E-07
0.1347E-07
0.9261E~08
0.6395E-08
0. 44066-08
0.3036€-08

S8
0.1780

0.1504

0.26457E-01
C.5437€-02
-+ 16B6E-03
~.1l61E-02
-.86326-03
—+4%260E-03
~a13026-03
0.1807€E-04
0.7206E-0¢%
0.7876E-G4
0.6591E-04
0.5089E~0¢%
0.3650E~-04%
0.2537E-04
0. 1735E-04
0.1179E-04%
0.8005€-05
0.5443€E-05
0.3119€-05
0.2547E-0S
0.1748E-0Q5
0.1203€E-05
0.8282E-06
0.5707€-06
0.3934E-06
0.27126-06
0.1867E-06
0.1238E-06
0.8875€-07
0.6119E-07
0.4216E-07
0.2905€E-07
0.2002E-07
0.1379E-07
0.9503€E~08
0.6548E-08
0.4512€~08
0.3109€-08
0.2142E£-08
0.1476E~08

LET
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U THIS IS THE- W —MATRIX~—ENDOGENOUS COEFFICIENTS
1.00000 0.0 -.491500

0.0 0.0 0.0 0.0 0.0 -.491600 0.0 - 0.0
0.0 1.00C00 0.0 0.0 0.0 6.0 0.0 0.0 0.0 -.233300 0.0
0.0 2.0 1.00000 0.0 0.0 0.0 0.0 -.276600 0.0 0.0 0.0
0.0 0.0 0.0 1.00000 0.0 0.0 -.295700 0.0 0.0 0.0 6.0
0.6 0.cC 0.0 0.0 1.00000 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.9 6.0 0.9 0.0 1.00000 0.0 0.0 0.0 ~.112000€-01 0.0
0.0 ~-1.00000 0.0 0.0 0.0 0.0 1.00000 0.0 0.0 0.0 0.0
0.0 .0 0.0 0.0 0.0 1.00600  C.0 1.00000  ©.0 -1.0000¢ 0.0
0.0 0.0 1.00000 0.0 0.0 0.0 0.9 -1.00000 1.00000 0.0 0.0
~1.00000 0.0 0.0 1.00000  ~1.00000 0.0 -1.00000 0.0 0.0 1.00000 0.0
u.0 0.0 0.0 0.0 0.0 1.00000  ~-1.00000 0.0 0.0 .0 1.00000
THIS 1S THE W-INVERSE KATRIX
2.39046  6.579299 0.0 -1.39046 1.39046  ~1.17515  0.979299 1.17515 1.175i5 1.39046 0.0
0.661343 1.47001 0.0 -.667343 G.667348  -.328068  0.470013 0.328068  0.328068 0.667348 0.0
6.78234%  0.551005 1.00000  ~-.782345% 0.7823%4  =.661200  0.551005  0.661200  0.384600 0.782344 0.0
0.197335  0.434533 0.0 0.302665 0.197335  ~.970097€-010.434583  0.970097TE-010.9700976~-010.197335 0.0
.0 0.¢ 0.0 0.0 1.00000 0.0 0.0 0.0 0.0 0.0 0. G
0.320373£-010. 225533E-010.0 -.320373€-010.320373E-010.984250  0.225638E-010.157495E-010.1574956~010.3203738-01 4
0.667348 1.47001 0.0 -.667348 0.667348  =.3280683 1.47001  0.328068  0.328068 0.667348 0.G
2.82843 1.99207 0.0 ~2.32843 2.82843  =2.39046 ‘1.99207 2.390456 1.39046 2.82643 0.0
2.04609 1.44106  -1.0G000  =2.04609 2.04609  =1.72926 1.44106 1.72926 2.00586 2.04609 0.0
2.66047 2.01463 0.0 ~2.86047 2.86047  =1.40621 2.01463 1.40621 1.40621 2.86047 0.
0.635310 1.44745 0.0 ~.635310  0.635310  -1.31232 1.44745 04312318  0.312319 0.635310 1.00000

6€T
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THIS 1S THE B#% MATRIX =~ O=-MATRIX ¢ (W-MATRIX *® WI-MATRIX)

0.498G842 0.818701 ~.2C64383 0.979299 ~1.17515 ~1.17515 1.35046
0.23904644 0.292934% ~+991011€~010.470013 ~.3282068 ~.328068 0.667348
0.28Cz36 0.460644 -.116178 0.551005 -.661200 ~+384600 0. 782344
0.706852E-010,116191L -.293042E-010.434643 ~«970C97E-01-.970097E~010.197335
0.35a200 0.538300 ~«148500 0.0 c.0 0.0 0.0
0.1147576~010.168635E~01~.475753E-020.2255638E~-01~.1574356=-01~-.157495E~010.320373E-01
0.239044% 0.252334 ~+9910112-01 1.47001 -.328068 —-«326068 0.667348
1.01314 1.64538 -.420022 1.69207 ~2.390406 =-1.3904% 2.82843
G. 732949 1.20474 -+303844% L.44106 =1.72926 -2.00586 2.04409
1.02462 1.68424 -.424730 2.0L463 =1.40621 =1.40621 2.86047
0.227548 0.374071 ~<G43435E~01 1.44745 -+312318 -.312319 0.535310Q

THIS 1S THE= C ~HATRIX-~COEFFICIENTS OF EXOGENQUS VARIABLES LAGGED ONE-PéRIQD

0.0 0.C c.0 0.0 0.0 0.0 0.0
G. 0 0.0 0.0 0.0 0.0 0.0 0.0
0.9 0.C 0.0 0.0 .0 0.0 0.0
6.0 0.0 0.0 0.0 0.0 0.0 6.0
.o 0.C 9.0 1.76200 G.0 0.0 0.6
6.0 0.0 0.0 0.0 3.0 0.0 0.0
0.0 Q.¢C 0.0 0.0 3.0 0.0 C. &
0.0 0.C 0.0 0.0 0.0 0.0 0.¢
0.0 Q.0 0.0 0.0 .0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 e.0 0.0
0.0 G.C 0.0 0.0 0.0 0.0 0.0
THIS IS THE C# MATRIX —~— QO-MATRIX ¢ (W-MATRIX % WI~MATRIX)
0.0 c.0 0.0 2.36656 C.0C 0.0 0.0
0.0 0.C 0.0 1.13583 0.0 0.0 0.0
0.0 0.C 0.0 1.33155 0.0 0.0 0.0
0.0 0.0 5.0 0.335803 0.0 0.9 0.0
6.0 0.0 6.0 1-.70290 0.0 0.0 0.0
0.0 0.¢C 0.0 C.545274E=-01C.0 0.0 G.0
0.GC 0.0 0.0 1.13583 c.0 0.0 0.0
a.0 0.C 0.0 4.81399 Q.0 0.0 0.0
0.0 0.0 0.0 3.48244 0.0 0.0 0.0
0.0 0.0 0.0 4.86852 0.0 0.0 0.0
c.0 c.0 0.0 1.08130 0.0 0.0 0.0

STABILLITY CONDITION WAS NOT MET, DYMULT. IS NOT CALCULATED.
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YHIS 1S VTHE- & —MATRIX--ENDOGENOUS COEFFICIENTS

THIS §S THE—= A ~MAYRIX--CCEFFICIENTS QOF

1.00000 0.C -.%87500
c.0 1.00000 0.0
0.0 ¢.0 1.00000
0.0 2.0 J.0
G.0 0.0 c.0
< 0.0 0.¢C 0.0
6.0 ~1.00000 2.0
2.0 6.¢ 6.0
0.0 c.0 1.00000
~1.00000 0.0 2.0
0.0 0.0 0.0
THIS 13 THE
2.3426% 0. EL73G9° 0.0
G.734545 1.44720 Q.9
1.01330 0.617159 1.00000
0.237362 D. 266148 0.0
0.0 Q.0 0.0
0.357100E-0L0.217402E~-010.0
0.734545 1.441720 0.0
2.75413 1.67672 0.0
1.7403% 1.05952 ~1.20000
2.78984 1.69846 c.¢
0.693855 1.42546 6.0
0.416000 0.0 0.0
0.9 0.771700 0.0
0.0 5.0 2.3
G.0 0.0 0.0
0.0 0.¢ 0.0
0.0 V.0 0.C
0.0 0.¢C 0.0
c.0 a.¢ c.a
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.9

0.0 0.0
0.0 0.0
0.0 0.0
0.301900 0.0
0.0 0.0
0.0 0.0
0.0 0.0
Q.0 0.0
0.0 0.0
0.9 0.0
0.0 0.0

c.0 6.0 0.0
6.0 0.0 0.0
c. 0.0 0.0
1.00000 0.0 0.0
0,0 1.00000 0.0
0.0 0.0 1.00000
0.0 0.0 0.0
0.0 0.0 1.00000
0.0 0.0 0.0
1.00000 -1.00000 6.0
0.0 0.0 1.00600
W=INVERSE MATRIX
~1.34264 1.34264 ~-1.1420%
-. 734565 0.734565 ~.358101
-1.01380 1.01340 ~. 862225
0.712633 0.237342 ~.140049
0.0 1.00000 0.0
~.357100E~010.3571006~010.532591
-.734565 0.734565 -.353101
-2.15413 2.75413 -2.34264
-1.74034% 1.74034% -1.43031
~2.18584% 2.7898% ~1.36308
~.6958855 0.698355 -1.34069

€ 2 4 ¢ s @

19300

[~ NN .-N-N-N-Nll ]

0.0 0.0 -.487500 0.0

0.0 6.0 0.0 ~«263300

0.0 . —.368100 Q.0 0.0

~«391200 0.0 0.0 0.0

0.0 0.0 o.0 Q.0

0.0 0.0 0.0 -+ 128000E-0)
1.00000 0.0 0.0 0.0

0.0 1.00000 0.0 ~1.00000

0.0 -1.00000 1.0064Q00 0.0

~1.00000 0.0 Q.0 1.00000

-1.00000 0.0 0.0 0.0
0.817399 1.14204 1.14204 1.34264%
0.447203 0.358101 0.356101 0.7345065
0.617199 0.862325 0.494225 1.01380
0.5661%6 0.140089 0.140089 0.287362
0.0 0.0 0.0 G.0
0.217402E-010.17403¢6E-010.174%026E~010.357100E-0)
1.44720 0.358101 0.358101 0.734565
1.67612 2.34264 1.34264 2.75413
1.05952 1. 40031L 1.84841 1.74034
1.6584% 1.36005 1.36005 2.76984
le 42546 0.340692 0.340692 0.493855

ENDOGENOUS VARIABLES LAGGED ONE~PERIQO

0.0 0.0 0.0 0.0

0.0 0.0 G.0 ¢.0

0.0 0.181700 0.0 0.0

0.0 0.0 0.0 0.0

0.0 Q.0 0.0 e.0

0.9 0.0 0.0 0.0

0.0 0.0 0.0 .0

0.0 0.0 C.0 0.0

0.0 Q.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
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THIS S THE A% MATRIX -- O-MATRIX ¢ (W=-MATRIX * WI~MATRIX)

0-S74528 0.£30736 0.0 -1.07666 0.0 -1.04987 0.0 6.0 6.0 .0 -.109695
0.3065579 1.11681 0.0 -.589048 0.0 -.329202 c.0 0.0 0.0 0.0 - 194215
0.421739 0.476292 0.0 -.312963 0.0 -.792736 G.0 0.181700 0.0 0.0 —.82328CE-01
0-119542 0. 436895 0.0 0.571464 0.0 -.128734 0.0 6.0 0.0 0.0 —759767E-01
0.0 6.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.148553E-010.1677696-010.0 -.286358E-010.0 0.903296 0.0 0.0 0.0 0.0 - 291754E-02
0.30557% 1.1le681 0.0 -.589048 0.0 -.329202 0.0 0.0 0.0 0.0 194215
1.14572 1.29392 0.0 ~-2.20854% g.0 ~2.15359 0.0 0.0 0.0 0.0 - 225015
0.723980 0. &l76238 0.0 ~1.39558 2.0 -1.36085 0.0 -.181700 0.0 0.0 -.142187
1.16057 1.31070 0.0 -2.23711 0.0 -1.25029 0.0 6.0 0.0 0.0 -227933
0.290724 1.10003 2.0 -.560412 0.0 -1.23250 0.0 0.0 0.0 0.0 0. 808103
THIS IS THE- 8 —MATRIX=-EXOCENOUS VARIABLES
0.0 0.0 0.0 0.0 0.0 0.0 6.0
6.0 0.0 9.0 0.0 0.0 0.0 0.0
0.0 o.¢ 6.0 0.0 0.0 0.0 0.0
0.0 6.0 0.0 6.0 0.0 0.0 0.0
0.383600°  0.469000 -.175700 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 1.00000 0.0 0.0 0.0 .
0.0 6.¢ 0.0 0.0 ~1.00000 0.0 0.0 .
0.0 2.0 6.0 0.0 0.0 -1.00000 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.00000
0.0 o.c 0.0 0.0 0.0 0.0 0.0
THIS IS THE 3% MATRIX —— O-MATRIX ¢ (W-MATRIX % W[-MATRIX)
0.515036 0.6296498 -.235902 0.817399 -1.1420% -1.14204 1.34264
.281779 0.344511 -.129063 0.447203 -.354101 -.356101 0.734545
0.338892 0.4754170 . 178124 0.617199 ~-.882325 -.494225 1.01380
0.110232 0.134773 ~.504895E-010.560146 ~.140049 -.140089 0.287362
0.33360¢C 0. 4569000 -.175700 0.0 0.0 0.0 Q.0
0.135983E-010.1567430E=04~.£27424E~020.2174028-01~.174086E=-01~.174086E~010.357100E~01
0.281779 0.344511 -.129063 1.44720 ~.358101 ~.358101 Q.734565
1.05648 1.29186 <.433901 1.67672 ~2.34264 134204 2.75413
0.667593 G.816218 -.305777 1.05952 ~1.48031 ~1.843%1 1.74034
1.07018 1.3034% ~.490175 1.69846 ~1.36005 ~1.36005 2.76984
0.268081 ©.327783 - 122789 1.42546 ~.340692 =.340692 0.698855

1 %74
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IS VHE~ C ~MATRIX~-COEFFICIENTS OF EXCGENOUS VARIABLES LAGGED ONE-PERICD
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STABILITY CONOETION WAS NOT MET. DYMULT. IS NOT CALCULATED.

144



APPENDIX D

ADDITIONAL EXPERIMENTS WITH REAL MONEY

SUPPLY EQUATION
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Additional experiments with Equation (8) were conducted in this

study. The results are summarized here.

First Experiment: Regress RR as a

Dependent Variable

Equation Z was obtained by the OSL method as follows:

Z = 13.8334 + 0.0101524Y - 4.572759RR

(0.003) (1.725) R = 0.9771

s = 22.2339

- 0.00924552Y_ - 1.791671RR_ d= 1.1700
(0.003) (1.306)

Solve for RR:
RR = 3.025176 + 0.0022201Y - 0.2186863Z =~ O.OOZO218Y_l
- 0.391814RR_l
This RR equation then joined the remaining equations in the system
for simulation. The results indicated that RR took on negative ever-
increasing absolute values after the first period of simulation. By re-

gressing RR as a dependent variable, the system was not stable. Hence,

the experiment was not satisfactory.

Second Experiment: Regress Z as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>