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CI-Ll\..PTER I 

IN':::'RODUC'l'ION 

In the la.st two or t.hre:e decades, great progress has been made in 

the use of macroeconometric models as a means for analyzing the behavior 

of aggregate economic variables. The use of economet.:cic models by 

government economic p1anning agenc.J.es has also become p:i::evalent. Fol-

lowing the models of Tinbergen (cf. 52, p. 69) ana. Klein and Goldberger 

(cf. 62, p. 701), models have been developed for the Ur,.it.ed States, the 

United K.i.ngdom, Canada, Japan, t.he Netherlands, Sweden, and many other 

countries.~ Macroeconometric models h~':.ve been constructed to estimate 

the quantitative impact of alternative government. policies, investigate 

the nature of .short-run. rnacroeconornic fluctuations, and forecast such 

magnitudes as <J-ross national product (GNP) 1 national income, employment, 

In the tU«~d of 9overnment policy ma.king, J:wwev~;r, 

more 1. . 
( l.SGUSS.1.Gl1 has .bee-n focused. ,on economic measures for accomplishing 

the goals <ind less on forecao; ting ( 52, p. 9) • 

Only a. few model~:;; 

have bt:!en const::·uctP.d fer the Taiv:an economy. Morecver, these models 

A n,;.on;, complete and 

a very dense population" 

1 
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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 makc~rs ln Taiwan. 

Objectives 

This study is an attempt to construct a macroeconometric model of 

Taiwan for forecasting purposes. Additional objectives include examina-

tion for structural changes, and"--if structural chan<JBS have occurred--

determination of their effects on forecasting accuracy and comparison 

of the relative performance between the model and earlier models on 

. 1 
Taiwan. 

'rhe Area of Study 

The model is a non-linear block recursive syst:em containing thir-

teen equations. Eight are behavioral equations and five a.re identities. 

'rhe model is based on annual data on Taiwan covering t.he time period 

from 1952 to 1973. Major computer proqrams used in the study are the 

Econometric Analysis System {EAS) for estimation of the structural para-

meters and the M.acroeconometri..:: Simulation (W1.CROSIM) for simulation and 

1" . ' 2 . ( •. orecast:mq. The Dynamic Multipliers DYMULT) is also adopted fo~ 

analysis of stability and derivat"ion of dynamic multipliers in Liu' s 

3 
model. 

This r;;tudy differs from previous mod.els o.f Taiwan in several ways. "l 
It is non-· linear and employs t.l1e simulation ap":?roach to evalu&te per-

forma~nce. Si11cf: ',_ .1. l.~ contains more equations, it. describes the economy / 

in greater detail. In pax:t.icula.r, it includes equations for wage in-

corne, tJ1e price l.eve:L, and the monetary sector. 'l'he model a.lso co'.rei:s 
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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 is the writer's 
-------------·---·-"'"'---------------·------·------· 

belief that 1951 data may be.-~I1duly influenc~g by tne_J;.oxean .. War._g,nd 

~~~-=~~C:.~ ~ince --~uarte::ly_dgJ;:_a_t~ .. 9-Y.§::!,J.abl.e ... @JY .. i.~ .. 

the model is based on annual data. 

Organization of the Study 

Chapter II provides economic background information relevant to 

this study of •raiwan. A review of the J.itE~rature pertaining to the 

model is g'iven in Chapter III. ~rhe specification, identification and 

estimation of the model are discussed in Chapter IV. I:Q Chapter V, 

simulation is used to examine -; "" of the model. 

Sornfl implication.::;: of the dynamic multipliers and. policy simulations are 

also provided. Chapter VI conta.ins an evaluation of the performance of 

th.t~ rnodel b·asc·.1 u:.)" tion and ex post forecast. The tests 

for scmsi tivity and structural change are also included in this chapter. 

In ;=i.ddition, a co::rtparison of t:his writer's model with the Taiwan naive 

mod.el and Sea ks' mod.el is also made. The last chapter summarizes the 

study and also coni:ains a discussion of the study 1 s limitations ccnd 

su•:.;-ge~;tions for fu:cther studies. 



ENDNOTES 

1The 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. 

3 
The DYMULT program, developed by C. K. L1ew 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). 

4 



CHAP'rER II 

'rHE TAIWAN ECONOMY 

Taiwan is an isJ.an.d roughly 250 miles long and 60 to 90 miles wide 

with an area of approxirr,ately 14,000 square miles (the equivalent of 

36,000 square kilomets:rs). 1 Located about 100 miles off the coast of 

Fulden and separated from tlH~ :mainland China by the Taiwan Straits / 

Taiwan is slightly larger than Massachusetts and Connecticut combined 

and slightly srnall(:!r than the Nether lands. 

Geologically, it is a part of the island chain found around the 

western rim of the Pacific Ocean. Located astride the •rropic of Cancer, 

Ta.iwan 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 reg.ions 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 descendinq from the Central Mountain 

Range and running west. None of the rivers are commercial.ly naviqa.ble 

but the streams provide hydroi:~lectric power. 

'I'he climate is subtropical in northern and central paxts of Taiwan 

and tropical. in the south. Summers are long ar:.d humid with an a.vc~rage 

temperature of about 80°F. Wini:er in the north is confined to J'anua:r.y 

and February, the a.vera.ge tempe:ca.ture a mild 60"f'. Hainfall is a.bout 

101 inches a .:r"Oar, This makes the is.land V•-:ory well-suited to aqri~ 

culture; however, only a. quarter of the land 5.s presently :;ulti.vated 

5 
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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, ma.ny Chinese moved to •.raiwan 

from the prmrinces of Fukien and Canton. Later, the island was occupied 

by the Dutch (1624 to 1662), the Spanish (1626 to 1641), and the 

Japanese (1895 to 1945). During the Japanese occupation, the island 
\ \./' 

many Chinese relocated in Taiwan when the Chinese Corrununists took over 

th .. 1 -· 2 e ma1.rL ana.. 

[I_ Brief Historical Review of the Economy V 1 

From 1951 to 1975, the average <o<nnual increase in real Gross 

National Product \GNP} wa.s 8.15 percent (16, p. 139)" Gross National 

Product doubled from 1951 to 1961 (see Table I), then doubled once again 

by 1969. In the six years following, Gross National Product increased 

by 61 percent. 'l'hus, fur the pa.st 25 years, GNP doubled approximately 

every decade. 

Real GNP, wit.1:!.out adjust.m:O!nt for gain or loss due to changes in the 

terms of trade, qrew rapidly from 1951 ·Lo 19'7.S. For the period, the 

average growth rat.8 wa.s 8.15. Hcwever, the average conceals a wide 

range of experience. In some years (1952, 1964-1965, 1967, 1970-1973), 

real GI\;P increased Ett a rate in excess of 10 percent. In 1974 and 1975, 

rE:'al GNP ']Tew at less than three percent per year. 

Because of population increases, real per capita income did not 

increase a.s rapidly c.:.s GNP o.i:n:-ing the peri.od. '.rhe averD.<Je annual in-

crea.S(~ in per capita income wa.s 4. 42 percent. Duri.ng 1951 to 1961-, 



TABLE I 

REl~L GROSS NATIONAL PRODUCT, PER CAPITA INCO~..E, AND 
GENERAL PRICE LEVEL OF THE TAIWAN ECONOMY, 

1951-1975 

Year 

1951 
1952 
1953 
1%4 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Amount Incrc~se 

(N'r $Mi llion)d i 

52,121 
57 I 795 
62,582 
68,022 
73,270 
77 ,149 
82,461 
87,184 
93,27$ 
98,523 

104,973 
112,622 
122,241 
136,197 
150,367 
162,019 
178_,790 
194,648 
211, 341 
234,161 
261,436 
292,693 
327,523 
329 I ~)6\j 
338,805 

10.89 
8.28 
8.69 
7.72 
5.29 
6.89 
5.73 
6.99 
5.62 
6.55 
7.29 
8.54 

11.42 
10.40. 
7.75 

10. 35 
8.87 
8.58 

10.80 
11.65 
11.96 
11. 92 

0.60 
2.81 

Per Capita 
Incomcb 

/\mount 
(NT $) 

5,515 
5,842 
6,078 
6,200 
6,450 
6,526 
6,766 
6,841 
7,080 
7,236 
7,508 
7,697 
8,335 
9,290 
9,495 
9,9:!9 

] 0 I 692 
11,201 
11,697 
12,710 
13,863 
14, 927 
16,088 
15,612 
15,390 

Increase 
't 

5.93 
4.04 
2.01 
4. 03 
1.18 
3.68 
1.11 
3.49 
2.20 
3.76 
2.52 
8.29 

11.46 
2.21 
4.57 
7.68 
4.76 
4.43 
8.66 
9.07 
7.68 
7.78 

-2. 96 
-1.<12 

General Price 
LevelC 

Price-. -fucreasc 
Level % 

"3. G3 
29.84 
36. 73 
37.08 
41.06 
44.77 
48.86 
51.59 
55,69 
63.75 
66.96 
68.78 
71. 75 
75.42 
75.Q 
77.98 
81. 59 
87.81 
92.54 
96. 70 

100.00 
105.01 
ll.8. 62 
1S9.J.4 
164.92 

20.81 
18.76 
0.94 
9.69 
8.29 
8. 37 
5.29 
7.36 

12.64 
4.79 
2.65 
4.14 
4.87 
0.00 
3.28 
4.42 
7.08 
5 .. 11 
4.30 
3.30 
1. 77 

11. 47 
25. 46 
4.50 

-·----------··----
Sources: Di rec tor ate-General of Budget, l'~ccoun ting and Stat.i sti cs: 

F.r~public of China, Na ~~:!.1al _!!1cor,r~~ of_ ~1:L:: RC?~~.!~..£ of Chine:_ 
(1975), pp. 16, 25 and 130; and (1977), p. 123. 

a/it 1971 prices without adjustment for gain or loss due to changes 
l.n terms of t:rilde. 

b,\t 1971 prices with adjus.tment for gain or loss due to changes in 
term~ cf trade .. 

.:.:Implir..i_t price deflator for GNP. 

dNT $ s·::ands fo::: New Taiwc.n D0llar. The (Old) Taiw11n Dollar was 
the currency- used G.u.rin<J th<.;; period fol lowi~1g the withdrawal of Japanese 
fr.om Taiwan in 1945 and prior to the ard.va.1 of the Nationalist Chinese 
from mainland Chin,'; in 1949. However, sir.ce the (Old) Tai.wan Dollar 
suffered vc,ry badly from hyper-inflation i.n late 1948 and earl.y l.949, 
the 9cvernment in Taiwan reform.:;C the currency ir: .::rune~, 1949 by convert·­
ing thr..! (Old) Tai.\..;an Dollar into the New Taiwan Dollar {NT Do~_la:c) at a 
rate of 40,000 to 1. rrhe N'l' S has been circulated since then~ Multiple 
exchange rates p.rcvailecl in 'I'ai· .... ~a.n prior to 812r1 t~rnbcr, 1463. During the 
pt.::r .i.od bc1 t\..:ecn September / 1963 and February, l Y7 3 4 the c>:change rate cf 
NT Dollar to \J.S. Liollar was stabilized at 40 to 1~ Since ·February, 1973 
it h.:lE b(~en n.t 3H to l. 

7 
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there was a 36 percent increase in per capita income. For the periods 

from 1961 to 1969 a.nd from 1969 to 1975, the inc:ceases were 56 and 32 

percent, respectively. 

General p:::·ice level {GNP def la tor) had shown an upward trend during 

the past two arid one half decades ('rable I). For the period, the aver-

age increase was 7.60 percent. '.r'b.e rate of inflation, as measured by 

the pe::-cent chan~re in the general price .level, was les:=: than 10 percent 

for most ;.·ears d'u: ing the same period except 1953 (23 .. 09 percent) 1 1955 

{10.'73 percent), 1960 (14.47 perc<:!nt), 1973 (12.96 percent), and 1974 

(34 .1.G percent) {see Appendix A) • 
r ' 

Since 1953, the ';overnment in Taiwan has carried out a series of 

four-year economic plans fo.r economic development. 'l'he first and 

second four-·yea:r: pla.ns (1953--1960) aimed 8.t establishing a number of 

irnport--substitution industrie13, Dur:inq the third and fourth four-year 

:plan periods (1961~1968), economic developrrKmt 0.ccele:cated. This was 

the result of a. rapid expansion of exports. Agriculture, industi::y 1 

transportation and com:.nunic:-;i.tions showed progress; the international 

payn~ents [:dtuaticn also showed trern.endous improvement. During the fifth 

foux-yea:c plan period (1969-1972), industry continued to boom and expert 

trade e~q:Y:>.nded vi(jOrously. 'i'he avera.ge annual gro',-1t::-1 rate of the~ 

'The sixth four-,yc:;ar plan (1973-1977) 

fo,::;used on conti.nuE::d econcmic qrowth as its ~JoaL 

SE~ve:ral factcl.CS cont1::ibute to tl-iis ra11ic1 econor:n.c gro~-vt11 .. 
\ 

First.~ 

the political situation has been very stable during thJ .. s period. 'l'h:is 

3.l.1owed P.~uch effmc-t to be devoted to economic ck~velopment and g:'.:owth. 

Second, :J. ,s" c:cono:mic and military a.id contribub:d 9:ceatly to t.he 
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form of grants, credits, and other assistance. Even though U.S. 

military aid phased out in 196.5, continued economic aid has helped to 

cover tl1e 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. Third, the increase in both 

qua.ntity 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. 'I'he 

quality of labor has also improved substantially, due to the extension 

of compulsory education from six years to nine years in the 1960's.J 

ii 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 serio11sly affected by both inflation and reces­

sion (8, p. 179). During this period the oil·-import:Lng countries took 

measures to discourage import!.? and encourage eYports in order to over·-

come t."1-ieir unfavorable balance of payments. These measures led to 

sharper competition in the world market. Sub:,t<:t.iitiat :i.ncreases in 

domestic prices and wages in early 1974 further cornpounded the problem 

in Taiwan. Hence, 'I'aiv:an' s exports encoun:tere'J ;noro difficulty than 

ever before (8, p. 181) . 4 "P.s a resu:!.t, the rece~J~>i.on. persisted 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 

increase 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 

In 1975, agricultural products constituted 15.87, mining and manu­

facturing 36.49, co~.mercial 11.65, goverrill1ent service 13.10, transporta­

tion and corruuunication 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, cattle, 

poultry and milk), fishery products (deep-sea, inshore and coastal 

fisheries a.nd fL3h-·culture), and forestry (timber, industrial raw mate-

rial wood and fael wood). T1'.le principal industrial products .include 

mining (coal, crude oil, natural gas, electrolytic copper, sulphur, 

salt and gold), heavy and petrochemical products (paper and paper board, 

rubbRr tires, plastic shoes, caustic soda, PVC resin, bars and shapes, 

aluminum .ingots, sev..ring machi.nes, general machi.nc:cy, textile mz•.chinery, 
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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, automobiles, 

motorcycles, bicycles, ships and vessels, fluorescent lamps), light 

industry products (canned pineapples, canned asparagus, canned mush­

rooms, wheat flour, monosodiurn glutamate, rayon staple, rayon filament, 

polyester 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 1961, 18.49 and 33.78 percent in 1969, and 16.26 

and 36.32 percent in 1975, respectively (16, pp. 28-29). 

'I'his pattern indicates a gradual shift from agriculture to indus­

try. Agriculture appears to be growing at a much slower rate than 

manufacturing. 'l'his 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 

Cons1..L.'Uption constituted 54 .87 percE:::nt of gross national product in 

1975 (17, p. 81). 'There is a significant change in the cowposition of 

private consumption expenditure along with the change of income in 

•raiwan (Table II). Expenditures on food accounted for 55. 77 perc(mt 

of private consumption expenditure in 1951 and only 43.69 percent. in 

1975. While the percent of expenditure on food is declining, expendi-

tures on beverage, health, householu, and transport show ri,1.~.ng trends 

with the exception of recre;:;;t.ion. 



TABLE II 

THE COMPOSITION 01" THE PRIVATE CONSUMPTION OF 
THE TAIWAN ECONOMY, SELECTED YEARSa 

b 

12 

Year Food Beverage Health Householdc Recreation Transport 

1951 55.77 1.92 3.93 11.63 3.27 1.39 

1961 50.60 2.99 6.11 12.96 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, 
Republic of China. ~rational Income ?_~ ,:the Republic of China. 
Taipei, Taiwan: Executive Yuan, 1975, pp. 44-45. 

aAt current prices: unit = %; total private consumption 100. 

bHealth includes personal care and health expenses. 

cHousehold includes rent and water, furniture, furnishings and 
household equipment, and household operation. 

d_ 
·rransport includes transport and cow.munication. 

d 
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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 

conununication 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 comrrllnication, 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 •raiwan 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. To 

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 

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

encourage the growth of export industries through the exemption of 



TABLE III 

A COMPARISON OF 1951 AND 1974 GROSS DOMESTIC 
CAPITAL FORMATION OF THE TAIWAN ECONOMYa 

By Industry Use 

Manufacturing 

Electricity, gas and water 

•.rransport, storage and communication 

Housing except owner-occupied, corrunercial, and 
miscellaneous personal services 

Agriculture, hunting, forestry, and fishing 

Wholesale and retail trade 

Government services 

Mining, finance, insurance, construction, and 
other services 

Total 

By Type of Purchaser 

Private Enterprises 

Public corporation and government enterprises 

General government 

Total 

1951 

27.44 

5.15 

12.22 

8.87 

32.63 

3.25 

4.40 

6.04 

100.00 

45.21 

39.31 

15.48 

100.00 

14 

1974 

43.84 

14.06 

12. 75 

6.99 

6.02 

7.91 

2.40 

6.03 ---
100.00 

59.42 

30.86 

9. 72 

100.00 

Source: Directorate-General of Budget, Accounting and Statistics, 
Republic of China. National Income of the Repub!:ic 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 govern.,'llent 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 slightly (Table V). General administration and defense 

gradually decreased as shown in Tai-~le VI. On the other hand, expendi­

tures on education, health and welfare have drastically increased 

(Table VI). 

'I'he Structure of Imports and Exr1or~. 

'l'he exports and imports as a percentage of Gross National Product 

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

1975 ('I'able I and 'ra."t:Jle VII). These fiqures indicate that about 



--------·--,---

Property 
and 

Year Enterprise 
--~· -
1951 14.70 

1961 13.42 

1969 18.91 

1975 13.93 

TABLE IV 

THE COMPOSITION OF GOVERNMENT CURRENT REVENUES 
OF THE TAIWAN ECONOMY, SELECTED YEARSa 

Current 
Indirect Taxes Business Income 'l'ax Transfers 
and Revenues Profit from Private from Private 

from Monopolies Taxes Inst:itutions Institutions 
. -

43.13 6.70 3.01 6.33 

51. 92 4.70 4.71 4.52 

64.24 3.37 5.39 7.43 

60.93 8.05 8.72 8.25 

Current 
Transfers 

from Abroad 

26.13 

20.73 

0.66 

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. 

all. t current pr ices: unit = % ; total current revenue = 100. 

I-' .,... 



Year 

TABLE V 

THE COMPOSITION OF GOVERNMENT CURRENT EXPENDITURE 
AND SAVING OF THE TAIWAN ECONOMY, 

SELEC'I'ED YEARsa 

Current Expenditure 

Other Current 
Consumption Expenditureb 

----·------
1951 81.46 1.49 

1961 82.32 3.46 

1969 77.50 3.83 

1975 68.23 3.48 

17 

Saving 

17.05 

14.22 

18.67 

28.29 

Source: Directorate-General of Budget, Accounting and Statistics, 
Republic of China. ~ational Income of the ~epublic of China. 
Taipei, Taiwan: Executive Yuan, 1975, p. 33. 

aAt 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 world. 



Year 

1951 

1961 

1969 

1975 

TABLE VI 

THE COMPOSITION OF THE GOVERNMENT CONSUM~TION EXPENDITUPE 
OF THE TAIWAN ECONOMY, SELECTED YEARSa 

Genera.l Administra- Justice 
HE'ijJ 

Economic Transportation and 
tion and Defense and Police Development Communication 

69.03 4.57 8.08 1.96 2.15 

68.48 4.85 16.47 2.39 2.51 

55.12 4.40 19.00 4.40 1.99 

52.06 4.69 22.11 3.36 1.07 

Source: Directorate-General of Budget, Accounting and Statistics, Republic of China. 
National Income of the Republic of China. Taipei, Taiwan: Executive Yuan, 
1975, pp. 36-37. 

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

Others 

14.21 

5.30 

15.09 

16. 71 

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

I-' 
CD 



Yeo.r 
;':' 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Amount 

TABLE VII 

GROWTH OF EXPORTS AND IMPORTS OF 
THE TAIWAN ECONOMY, 1951-1975a 

Exports 

Increase Amount 

Imports 

(NT $ Million) (%) (NT $ Million) 

45.18 69.47 
49.93 10.51 92.56 
60.05 20.27 98.51 
45.11 -24.88 102.81 
55.63 23.32 87.01 
60.12 8.07 108.21 
68.09 13.26 113 .14 
82.88 21. 72 135.14 
86.80 4.73 138.49 
99.74 14.91 148.30 

113.95 14.25 164.57 
123.30 8.21 182.43 
163.79 32.84 187.97 
200.08 22.16 226.41 
250.16 25.03 286.80 
296.94 18. 70 298.96 
246.50 -16.99 377. 71 
436.21 76.96 493.05 
545.73 25.11 571.40 
687.15 25.91 697.85 
917.44 33.51 852.61 

1216.13 32.56 1009.14 
1505.78 23.82 1232.12 
1387. 02 -· 7. 89 1458.36 
1212.06 -12.61 1082.73 

19 

Increase 
(%) 

33.24 
6.43 
4.37 

-15.37 
24.37 
4.56 

19.44 
2.48 
7.08 

10.97 
10.85 
3.04 

20.45 
26.67 
4.24 

26.34 
30.54 
15.89 
22.13 
22.18 
18.36 
22.10 
18.36 

-25.76 

-------· 
it 

Source: Dlrectorate-General of Budget, Acco1.mt.ing and Statistics, 

a 

Republic of China. National Income of th":_ Republic ~£. S::him~.· 
Taipei, Taiwan: Executive Yuan, 197.5, pp. 61 and 128. 

At 1971 prices. 
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one-third of GNP in 'l'aiwan relies on foreign trade. Like other develop-

ing countries, foreign trade in 'Eaiwan has been under strict government 

5 
control. During 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 ('rable 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 1 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, pl.ywood, wood products and 

furniture, machinery and general metal products, basic metals, fishery 

products, sugar and sugar products, bananas, canned asparagus, petroleu.."!l 

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). Hajor import items 

in 1974 included machinery tools, electrical products and equipment, 

basic rnetals 7 chemicals, ~ransportation equipment, cotton and man-made 

fibGrs, soybeans, timber, wheat, crude oil 1 corn1 food, beverage and 

tobacco, pulp, paper ar1d paper products, raw materials for plastics, 

medicnl supplies 1 dyestuffs and pigments, and wool (8, p. 204). 

Banks in 'l'a.i.wa.n can be clasr:d~fied as central govermnent banks, 



Year 

1957 

1961 

1969 

1974 

Capital 
Equipment 

21 

2G 

~t c:; 

'-l r< _,,t. 

TABLE VIII 

THE COMPOSITION OF IMPORTS AND EXPORTS OF 
THE TAIWAN ECONOMY, SELECTED YEARSa 

Imports 

Agricultural 
and Industrial 

Raw Material 

72 

64 

61 

62 

Consumer 
Product 

7 

10 

4 

6 

Industrial 
Product 

13 

41 

74 

84 

Exports 

Processed 
Agricultural 

Product 

71 

44 

17 

11 

Agricultural 
Product 

16 

15 

9 

5 

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

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

N ..... 
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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, Farmers' 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 

economic research. The Bank of Communication is an industrial bank and 

responsible for industrial development. The Farmers' Bank of China 

specializes in agricultural financing. The Central Trust of China acts 

as a purchasing and marketing agent for the governu1ent as well as for 

puh1ic arid private enterprises. 

Local government banks include the Bank of 'I'aiwan, City Bank of 

'l'aipei, Land Bank of Taiwan and Cooperative Bank of 'l'aiwan. Established 

in 1946, the Bank of 'raiwan handled a number of central banking opera-

t.:Lo:ns during the period from 1949 to June, 1961. It acts as the ag~mt 

for the Central Bank of China in currency issuance and treasury; • +-1 ..... 

also acts as the fiscal agent for the provincial government. It is a 

cornrn(~rcial bank with emphasis on financing industries and fo:rei9n trade 

and exchange transactions. 'I'he City Bank of Taipei, owned by the Taipei 

M1_.;,nici.pal Government, acts as the fiscal agent of the 'l'a:i.pei Municipal 

Gcvernment and handles the f 1.ota ti on of city bor:ids. 'l'he Land Bank of 

Ta.iwan specializeG .in land and agricul tura.1 financin~J. 'l'rh'.:! 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 exchang·e departments as 

well as savings departments. 

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

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

'11ransportation and communications include railroad, highway, tele­

co:rru.1mnicati.ons, 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 undertook ten 

major construction projects. Six projects are related to transporta­

tion--'rhe Taiwan 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 

Airport Crmstruction. These projects are expected to be completed by 

1978. 

Surlli"nary 

Taiwan is not endowed with rich natural resources; however, the 

government in 'l'aiwan has carried out a series of four-year economic 

plans for economic development. During the past two and one·-half 
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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 subst.antia.l 

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. 



ENDNO'l'ES 

1strictly 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. 

2 
The 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. 

4 
Exports 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 ta.riffs, 
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 
licensed and asked to surrender their foreign exchange to the control 
authority. The importers' foreign exchange were rationed in accordance 
of 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 
promotion. 

25 



CHL"\PTER III 

A REVIEW OF El1.RLIER ECONOMETRIC MODELS 

OF THE TAIWAN ECONOMY 

In this chapter, three earlier macroeconometric models of Taiwan 

are discussed. The models are: (1) a small scale ma.croeconometric 

model of Taiwa.n constructed by T. C. Liu in 1965 (6, pp. 770-776); (2) 

the macroeconomet.ric model constructed by the United Nations Economic 

Cormnission for Asia and the Far East in 1967 (65, pp. 164--232); and (3) 

a r.iacroeconornetric study of 'l'ahqan by Sea_ks in 1972 (57). Summaries of 

these models are given in ;I'a_bl,::;s I.X, X and XI, respectively. 

Liu's model was originally constructed in regard to the fourth fou:i:-

year economic plan. The model consists of nirw equations. Seven are 

bE,haviora1 equations--the Gonstunption (C) r private investment (Ip), 

government inve::;tment (Ig), imports (M): inventory (V) r goverr1ment 

current revenues ('1') , c,;.nd deprec:i.ation and bL,s:i.ness saving functions 

(3b) • Two are definiti.ons, .namely, the disposable h1come (Yd} and the 

incoms identities (Y) (TaJ:,]_c) IX). 'I'he o:cdinary Lea.;:;t squares (OLS) 

method was used :for the es-::-.:Lmation of t:he bsha.vioral equ,'ltions. F'rom 

these ni.ne structun~,l L~q11aLions, it is possibJ e to derive the reduced 

f'ornt equa_tionfJ that express the endog<?:nouG vari?_blc:s for income, con-

s urnption, pr i va.te inve.stmen t, i::rovernmc'"nt investment, imports, and 



(1) c 

(2) Ip 

(3) Ig 

(4) M 

(5) v 

(6) T 

(7) Sb 

(8) Yd 

(9) y 

Y GNP 

TABLE IX 

THE LIU MODEL 

Behavioral Equations 

0.610Yd + 0.170C_i + 9.151 
( . 21 7 )a ( . 31 7 ) 

0.132Y - 0.125R + 0.320Ip-l - 4.010 
(.054)a (.079) (.262) 

O.Ol8Y + l.051Ag + 0.667Ig_l - 1.605 
{.018) (.184)a (.167)a 

O.llSY + 0.519M_l - 3.106 
(.046)a (.227) 

0.020Y 

0.144Y 

0.070Y 

Identities 

Y - Sb ~ 'r + •rr 

C + (Ip + Ig + V) + G + (X - M) 

Endogenous Variables 

C consumption 

Yd disposable income 

Ip private investment. 

Ig government fixed Investment 

M imports 

V inventory 

T g·overnment current revenues 

Sb depreciation and business sav'ing 

27 

R2 
( 

== 0.9888 

R2 0.9526 

2 
0.9816 R 

R2 0.9886 



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 

~agged Endogenous Variables 

c 
-1 

c lagged one period 

Ip 
-1 

Ip lagged one period 

T,.,, -· Ig lagged one period _,, 
-1 

M 
-1 

M lagged one period 

Source: Ko-Wie Chang, Economic Dev_elopment in Taiwan (Chinese ed}. 
'l'aipei, 'l'aiwan: Chun-Chung Book Company, 1970, pp. 770-776. 

28 

aindicates that the t ratio of the parameter estimate is signifi­
cant at the 5% level of significance. The numbers in parentheses be­
neath the parameter estimates are the corresponding standard errors. 
R2 is the coefficient of multiple determination. 



'rABLE X 

THE U.N. COMMISSION MODEL 

Behavioral Equations 

t-1 
(1) YD == 39,677.00 + 0.4978 I I. + ul 

i=O 
J. 

(O. 0045)a. 

(2) Cp 4,158.73 + 0.6 YD + u2 
(O. 0088)a 

(3) Cg 891.44 + 0.1970 YD + u3 
(0. 0608)a 

t 
( 4) I Ji 18,375.27 + 0.5310 YD + u4 

i=O (0.0033)a 

(5) log Et 3.5526 + 0.04593 t + us 
(O. 00255)a 

(6) M 

(7) F 

(8) y -

(9) Jt ·-

(10) YD 

5,930.28 + 0.2798 YD+ u6 
(O. 0137 )a 

45.81 + 1.063 (t - 1952) + u 7 
(1.166) 

Identities 

YD + F 

t t-1 

I Jt - l Jt 
i=l i=l 

Cp + Cg + I + ,J + E - M 

Endogenous Variables 

YD gross domestic product (GDP) 

Cp private c.:msumption e:;;:penditure 

Cg -·· general gover.rn.¥:mt expenditure 

29 

-2 
0.9900 R == 

d - 0.8700 
s == 1122.5000 

-2 
0.9769 R = 

d 1. 0100 
s ·- 1126.9400 

-2 
0.9042 R == 

d = 0.5200 
s = 775.9000 

-2 
R == 0.8100 

d 1. 37 00 
s = 420.6800 

-2 R- 0.7430 
d 1.0900 
s ·- 0.0889 

·-2 o. 7869 R -
d 0.7600 
s =: 1749.2900 

R2 0.3950 
d 1.2400 
s ·- 40.6200 
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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 constant term 
, _____________ ,.. ___ _ 

Source: U.N. Economic Commission for Asia and the Far East. Sectoral -------
Aspects of Long-Term Economic Proj ecti<?E~ !'.!J- th EJJ~cia~ Refe~-
ence to Asia and t~~ E:ar East. Bangkok: U.N. Economic Cormnis­
sion for Asia and the Far East, 1967, pp. 167-170. 

aindicates 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. 
R.2 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. 



TABLE XI 

THE SEAKS MODEL 

Summary of the Econometric Model 
(As Estimated by 2SLS) 

Behavioral Equations 

(1) C = .410lc_1 + .4916(P + W) + 2761 

(. 0938)a (. 0692)a 

(2) IP = .2333GDP .0982K + .6509IP_1 - 8955 , 
-.L 

(.0563)a (.0394)a (.1729)a 

(3) w = .2766NI + .2817NI_1 - 4248 

(.1027)a ( .113l)a 

(4) M = .9251M_1 + .2957I - 1459 

(.1542)a (1295)a 

. 

(5) X • 3582IWT + . 5888WPI - .1485PTE + 1. 702IG_1 - 71050 

(.0615)a (.1916)a (.0399)a (.39l)a 

(6) D .0112GDP + .9472D_1 - 225.9 

(.0123) (.1917)a 

Identities 

(7) I IP + IG 

(8) NI GDP -· D - T 

(9) P - NI - W - Z 

(10) GDP C + I + G + X - M 

(11) K = K_ 1 + I - D 

C consumption 

IP gross private investment 

W pri7ate wage bill 

31 

R2 = .999 
d = 2.013 
s = 708.900 

R2 = .986 
d 2.095 
s = 1078.400 

2 
.998 R 

d .831 
s = 784.300 

R2 = .988 
d 2.142 
s = 1670.600 

2 
.994 R 

d 2.517 
s == 1396.100 

R2 .998 
d l.582 
s - 144.700 
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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 

Z = government income from property and entrepreneurship 



(12) 

(13) 

'l'A.BLE XI (Continued) 

The Birth Rate Model 

BR= -4.225FP+2.314CMR_1 +l.265DR_2 +11.46 

BR 

FP 

(.669)a (1.268) (.443)a 

birth rate per one thousand population 

government real per capita expenditure on family 
planning in constant 1964 new '1'aiwan dollars 

crude marriage rate per thousand population 
lagged one period 

crude death rate per thousand lagged two years 

2 
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• 960 
1.611 

-l.471 1rnm + .0936CMR_l - l.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. 
R2 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 :Ls 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 incomer employment, and 

balance of payment, etc. 

Liu 1 s model is unsatisfactory in several respects. For one thing, 

it is based 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 (:!:10C) an official--and possibly more reliable--a.gency 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). 

'l'he U. N. Commission's model was constructed. to estimate the final 

demand for goods and services. 'l'hese estimates were then used in the 

construction of an input-output table for long·-term sectoral proj ec--

tions .. The model consists of seven behavioral equations-~the gross 

domestic product (YD), private consumption (Cp), government consumpt.icn 

(Cg), inventory stock (J), export (E), import (M}, and net income from 

abroad (I'"} functions and three definitions or ident.ities--·the GNP (Y), 

GDP (YD),. c,u:..c1 inventory investment (J) identities (see 'l'able X for the 

varic:Lbles a.nd equa.tion forms). Tbe structure of the model was estimated 

by thio~ i.terative least squares method (65, p. 171). tTnfortunatC!ly, the 
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model is poorly specified. Seven equations are estimated over eleven 

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

+- • equa .... ion. 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 ---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), imports (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)). 'I'wo separate equations are given to 

describe the birth rate and population (Table XI). ~ehe model was esti-

mated by two-stage least squares (2SLS) and a variant of three-stage 

least squares (57, p. 127). Although Seaks' model 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_.1) instead of disposable income (Yd) and 

consumption .lag.Jed one pe:riod (C_1). The adopt.ion 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 equations 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. 1 Al-

though several other empirical studies with a focus on the demand or 

expenditure side of the economy for short.run 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. 'I'hird, Seaks' model is found to be unstable 

(see Appendix C for the results of 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 predictive fl "~ 
ability of Seaks 1 model is compared with the writer's model in Chapter 

VI. 

'l'he earlier models implicitly assurne no structural. change in the 

Taiwan economy. Since the writer suspects that the rapid transition 

from an as;ricultu.re-oriented to industrialized economy may result in 

structural change, it is necessary to examine this possibility. If 

structural change has occurred, a forecasting model based 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 ec.:onomy. 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 the 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 economy into consideration. 

Thus, economic theory is of assistance in model construction; however, 

empirical results must be considered and discretion must be used in 

constructing a model. 

'l'he size of a model depends on its purpose. For short-term fore­

casting, a model might contain only four equations (26, p. 230). Ac­

cordin<J to Ko(Ji.ku (41, pp. 186-197), Kuh (42, p. 5) and Muench (48, 

pp. 127-175), more than two-hundred equations may be necessary to des­

cribe the economy of a well-developed country in detail. 

In a developinrJ economy such as Taiwan, data are often limited. 

Because of data limitations and limited resources available to the 

author, a system of 13 equations is specified in this study. 'l'here are 

13 endog8nous varia.bles in the system. 'I'he eight behavioral equations 

37 
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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 ('l'able XII) • 

Specification 

Co_nm~tion (C). Friedman's permanent income hypothesis purports 

to explain consu..rnption behavio:r 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-

ticns. Over longer periods of U.1ner these short-run fa.ctors smooth out 

and reveal underlying relationships of a more permanent nature (.53 1 p. 

66). Specifically, the hypothesis states that permanent expenditures 

of a spending unit equals the product of permanent income (y1,) multi-
.I;; 

plied by the fra.:;tion of y 0 commmed (k), where k is a. function of the 
" 

interest rate the spending unit would earn or pay when it lends or 

borrows (i), the ratio of non-·human wealth to permanent income (w), and 

a. num-'Je.t:' of factors such as spending unit's tastes, age, family cornposi-

ti.on; (:itc. (U). 'I'he hypothesis can be written as: 

c 
p k (i' w, U)y 

p 



TABLE XII 

SUMMARY OF 'l'HE SPECIFICATION OF THE MODEL 

c blO + bllYd + bl2C-l + u 
l 

Ip b20 + b2ly + b22RR + b23Ip_l + u2 

T = b30 + b3ly + u 
3 

D b40 + b41K-l + u4 

M b50 + bSly + b 52 lltIP + us 

w b60 + b6ly + u6 

Py b70 + b 71Ms + b 72 Pm + u7 

R = b80 + b8ly + b82 (Ms/Py) + u 
8 

I Ip + Ig 

INFL lOC(Py - Py_1 )/Py_1 

lOOz2 - 100, 

K_1 + I - D 

where z2 Py/Py_l 

K 

Yd =: y - D - T + Tr 

y :: c -+· I + G + x - M 

Endogenous Variables 

c -- real priva.b::! con.:;tunption 

Ip real qross private investment 

'I' real direct and indirect taxes 

D = real depreciation 

M real impc:cts 

W reaJ. waqe :Lnccm1(~ 

a 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

{8) 

(9) 

{10) 

(10.1) 

(11) 

(12) 

(13) 



Py 

R 

I 

INFL 

K 

Yd 

y 

RR 

RMP 

TABLE XII (Continued) 

price level (implicit price deflator for Taiwan's 
GNP, 1971 = 100) 

nominal rate of interest (in terms of percent) 

real gross investment 

actual rate of inflation (in terms of percent) 

real capital stock 

real disposable income 

real gross domestic product (GDP) 

R - INFL 

100 (Py/Pm) 

Predetermined Variablesa 

Exogenous Variables 

Ms 

Pm 

Ig 

'I'r 

G 

"-

nominal money supply (in N.T. millions dollars) 

implicit price deflater for Taiwan's imports, 1971 100 

real governmental investment in capital goods 

real transfer payments to households and private institutions 

real government expenditure excluding governmental capital 
investment 

X = real exports 

c 
~-1 

real consumption lagged one period 

real private investment lagged one period 

real capital stock lagged one period 

Py = price def lator for GNP lagged one period 
-1 

40 

nAll real variables are in real terms in millions of N.~l'. dollars 
at 1971 prices l.1n1ess otiH.~xv1ise state~:1. 
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Assuming this relation can be applied to every cornrnon unit in an econ·· 

omy, tbe aggregate con~:umption function can be given as: 

C K(i, w, U)Y 
p p 

where K may be interpreted as a function of the mean values of i, w, and 

U (.53, pp. 66-69j. 

In his empirical study with time series data, Fried1nan approximates 

Cp by real consumption (C) and Yp by the wc:Lghted average of past and 

present income with exponentially declining weights. Thus, the aggre-

gate consumption takes the form: 

C == r + K (Y ) 
t - pt 

where r = O, and K = 0.88. 'I'his K value corresponds closely with the 

value of the obse:cved average propensity to consume (APC :::: 0. 877) over 

the sample period (53, pp. 74-75). 

In contrast to Friedman's hypothesis, most Keynesian formulations 

a.sr:iert t.h.at real consumption is a function of real disposable income 

with an -cmvanishing· constant term. For example, Ch.r.i.":;t o>p2cifies real 

consumption as a linear function of disposable income c1nd rec.l consump~ 

tion lag~fed one period (12, p. 582). 'I'hi.s formulation i.s a compromise 

between the absolute a.nd permanent incGme concepts. ;J:be consumption 

lagg·ed one per:i_od in Christ 1 s formulation ic:; equivalent to Friedman 1 s 

tormu1::,tion by making consumption dependent on a set. of a.ll past values 

of 1.1.isposable in.ccnne W'i tl1 ge0:i.uE~t.:r:ica.1ly rl<?c1.iniD.g \Veigb.ts. This is 

analogous to Fric~dcnan' s or_Lginal scheme i.n ':Jhich ccrn.n1mptio.:1 depends 

on present and pa.st income vii th a seventeen-year scheme to capture 

perLx1 5_mpJies a t~:'i:?e 01: Koyck t:ransforma.tion of a distributed 12-:.g 
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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 t...hrough time at constant geometric 

1 rates. 

Liu and Seaks also contend that the real consumption function is 

a linear function of real disposable income and real consumption lagged 

. d 2 one perio· • Their formulations have a very good explanatory power as 

indicated by the very high coefficients of determination (R2) in their 

studies. Thus, this writer specifies the consumption function as 

follows: 

(1) 

where C, Yd and c_1 denote real consumption, real disposable income and 

real consumption lagged one period, respectively. The b10 is a constant 

term. The b 11 is the marginal propensity to consume (MPC) out of the 

disposable income and u1 is the disturbance term. The signs and magni-

tudes of b 10 and b12 are expected to be positive and 0 < b11 < 1. 

The data for C and Yd are, respectively, consumption expenditures 

and disposable income in real terms (1971 prices). Since the original 

data for Yd are not consistent with other data, Yd is derived from the 

following identity: 

Yd = Y - D - T + Tr 

whex·e Yd, Y, D, •r and Tr are, re spec ti vely, disposable income, gross 

domestic product, depreciat.i .. on, taxes, and transfer payments in real 

terms (1971 prices) (see detailed discussion on nata in Appendix A) • 

are import.:rnt. For this rea,>on, investment is divided into two cornpo-

nents: private investment (Ip) anci. governrnent :Lm:estment (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 (36, 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 to 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. 'I'he actual rate of inflation (INFL) is defined as: 

INFL ::: 100 (P - P , ) /P l 
y y-1. y-

1-:her.e Py is the .implicit price deflator for Taiwan 1 s GNP (1971 100). 



Thus, the private investment is specified as: 

Ip= b20 + b2ly + b22RR + b23Ip_l + u2 

where Ip, Y, RR and u2 are designated for real private investment, 

real GDP, real interest rate, and the disturbance term, respectively. 

The signs of b 21 and b 23 are expected to be positive and b 22 to be 

negative. 
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(2) 

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 deflater 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 deflater for the fixed 

capital formation. In 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. 
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Tax Equati?E._ {T). Theoretically, the aggregate tax function is of 

the form T f(Y). This can be approximated by a linear function of 

either T t 0 + t 1Y or T = t 1Y. In Liu's model, taxes are assumed pro-

portional to income. In Seaks' model, taxes are assumed exogenous. 

Neither formulation is convincing. It appears that both the income tax 

(a direct ta.x) a:i.d 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 

is postulated. 'I'lrns, the tax equation is specified as: 

where T and Y are real taxes and real GDP, respectively. The terms 

u~ rep.resent a 
..) 

constant term, the marginal rate of taxa-

tion and the disturbance term, respectively. The sign of b is expect-
31 -

ed to be positive. 

Regarding 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 ailaila.ble. Y is real gross domestic product (1971 prices). 

DE_:preciatio!:::_~l._. In his survey, study of investment behavior, 

Jorgenson contends that capital replacement is proportional to actual 

capital stock (37, p. 1112). Similarly, Christ a.rgues that depreciation 

is a linear function of the existing capital stock (.12, p. 583). Thus, 

it: is assumed that the current year's depreciation depends upon previous 

end-of·-year capital stock. In a paxticular linear functional form, a. 

constant term can be a.d.decl. The equation fo:c depreciation can be 
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expressed as follows: 

D (4) 

where D is the real depreciation and K_1 is the previous end-of-year 

real capital stock. The terms b 40 , h 41 , and u 4 denote a constant, the 

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

The sign of b is expected to be positive. 
41 

Concerning the data for the depreciation, D is the real deprecia-

tion, defi1'.ed as provision for fixed capital consunption in real terms. 

Assuming that. K_1 is the real net private domestic ca.pita.1 stock on 

December 31 of the precedin9 year (defined a.s cumulated net investment 

beginninq with 1951, Le., K1950 = O), the data for K (capital stock) 

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

'·) 
.Assu..m.ing that consumers allocate their income among .~ 

cor1s1..rrflalJle C<)rrnu.odi:ties in. order to achieve n1axi1nu.rrt sa tis fact.ion, thr.~ 

theory of demand suggests that the quantity of imports purch3.sed by any 

ccnsume:r: depends on his income, the price of imports, and the price of 

other consumable commodities (43 1 pp. 9-10). 'I'his demand relations for 

ind:i:v.idua1 .::;onsrnrcers can be aggregated over individuals and over cornmod·-

1.ti;_,)s .by ~=~1eo:::2m::; on a.gqrega.ted (43, pp. 42-48) • 'l'his thc.,ory further 

of ?..--e2.l ..Lr1c~01ne anci re1.ati:vs p:r,i.c(~S c•E doruestic co:nr~tlHtJble cornrnoc1ities 

In addi t:i .. on to the consc:i.mer 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. In 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 pa.st influ-

ences of income and investment in Liu's and Seaks' formulations, respec-

tively. While Liu's formulation is traditional, Sea.ks' represents a 

departure from conventional economic theory in order to encompass a 

particular aspect of the Taiwan economy--the governn1ent'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_1 in the formulation yielded very poor results 

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. 'l'hus, a linear import equation is specified as follows: 

(5) 

where M is real imports, b50 the constant term, b 51 the marginal pro-

pensity to import and b 52 the coefficient of RMP. The term Y is real 

GDP, RMP is the relative price of Py to Pm in terms of percent, and u5 

is the disturbance term. The signs of b 51 and b 52 are expected to be 
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positive. The data for M and Y are .real imports and real GDP, respec-

t..ivel.y. The data for RMP is the relative price in tenns of percent. 

Seaks defines c:;xport as an endogenous variable; however, the 

explanatory variables in his model (index of world trade (IWT), world 

price index (WPI) ( i::irice of Taiwan exports (PTE) and governmental 

investment lagged one period (IG_1 )) are exogenous. In contrast, Liu 

considers exports to be exogenous. Exports are determined primarily 

by other countries; hence, it is assumed to be exogenous in the present 

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

~~~ Income (W). Many econometric models assrnne that the wage 

income in real terms is a function of current and lagged output (57, 

p. 24). In describing the U.S. economy, Klein has shown that profit 

max.imiza.tion subjected to a log-linear production function ca.n lead to 

an equation in the following fo:i:.J:U: 

where W is the wage income in real terms and Y is some measure of output 

(38, pp. 14-21). 

According to Seaks (57, p. 24), there is evidence to support such 

a formulation. To support hi::> argument, he cites the study of Chu, 

et al., which demonstrates that a. Cobb-DoU.i.Jlas function fits the data 

for 'I'aiwan well ·._:p to 1968. Although Seaks formulates this equation 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 

· i y d y b. - t "lso hetW'-'81' lP" and NI T:!"FrthRrrr1.ore, the co-.oe. :ween an _ 1 ff '-'· ,.., '-· - • ~.1. · _ 1 · · -· -

efficients estimated fo.r Y_ 1 and NI_1 are both negative. This 
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contradicts the theoretical expectation. The inclusion of Y_1 in the 

present study fails to improve the explanatory power. This lack of 

improvement is indicated by a negligible increase of coefficient of 

determination (R2 ). 'rhus, the writer regresses wage income (W) in real 

terms on real GDP (Y) in the formulation of wage income equation. 'rhis 

appears logical since wage income theoretically is part of national 

income which is in turn a part of gross domestic product. Thus, the 

writer specifies the real wage income equation as follows: 

(6) 

where W is defined as the real wage income, Y is the real GDP and b 60 is 

the constant term. The sign of b61 is expected to be positive. With 

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 deflater 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 earlier reveals that 

none deal with the price level. According to Yu, the causes of price 

changes in Taiwaa can be formulated as follows (70, pp. 8-11): 

L\P = f (D.Ms, L\w _ 1, L\Pm) 

where AP is the chansre in price, l1Ms is the change in money supply, L\.Pm 

is the change in import price, and l1w_1 is the change in money wage rate 

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 (7) 

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

the import price, u7 is the disturbance term, and the signs of b 71 and 

b 72 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. 

~nterest 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 contends 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 • .1.1--14) ~ 

p -· f(y, w;: ,,. 
~- ' m 

Md 

.M~c1 
where P:._ dern)t.er-; the demand for real money, y denotes real income, w 

denotes the fraction of wealth in nonhuman form (the fraction of 

inco:me derived from property), r denotes the expected nominal rate of 
m 

return on money, r, denotes the expected nominal rate of return on . D 

fixed-value securix.ie~> (including the expected changes in tht::ir prices) , 



r denotes the expected nominal rate of return on equities (including 
e 

th t d h ' th . . ) l dP . th t d f e expec e c anges in eir prices , P dt is e expec e rate o 

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 
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economy as a whole. The amount of money demanded depends on the distri-

but.ion 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 -

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): 

.Md _.,_ = 
p 

1 dP 
Since the nominal rates of return rm, rb, re and P (dt-) move together, 

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. '!'hen the demand function for real money can be 

further simplified as (53, p. 178): 

Md 
-= 
p 
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Md 
where P denotes the demand for real money, R denotes the nominal rate 

of interest and ~ denotes real {permanent) . 4 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 

5 occurs when: 

Md Ms 
(Y, R) = -

Py Py 

Ms In this equation, the real money supply (-. -) can be considered as 
Py' 

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: 

aY + bR + c 
Ms -+ u* Py 

where a, b, and c are constants, and u* is the disturbance term. Solv-

ing for R, the equation becomes: 

c a 1 Ms 1 
R = - (-) - (-) Y + (-) - + - u* 

b b b Py b 

or 

where 

c a 1 l 
-· b' b81 ~-= - b' b82 = b' and u8 = b u* 

where R is the nominal rate of interest, Y is the real GDP and Ms is 
Py 

the real money supply. The b80 is a constant term and u8 is the dis-

turbance term. 

negative. 

T.1:1e sign of b81 is expected to be positive and b 82 

With rege;1rd to the data for the interest rate (R} , the end-of-

period call loan rate is used except for 1952. The discount rate is 

(8) 
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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 invest.TUent (I), the rate of inflation (INFL), the real capital 

stock (K), real disposable income (Yd) and rea.l income identity (Y). 

Real gross investment is the sum of the real private and government 

investment: 

I = Ip + Ig (9) 

Real government investment is confined to governmental capital expendi-

tures only. 

Theoretically, the general level of prices is best measured by the 

GNP deflater. If Py is the price level at time t, and Py_1 denotes the 

price level at time t_1 , the rate of inflation is defined as the per-

centage change in the price level: 

where 

INFL -· 100 (Py - Py _ 1 ) /Py _ 1 

lOOZ2 - 100 

Py z == --
2 PY-1 

_!Y_ _ 
100 100 

Py_l 

(.10) 

Since Py and Py_ 1 a.re index nu .. Tflbers to express the result in percentage 

termsr the expression is multiplied by 100. 
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The real capital stock (K) is the sum of previous end-of-period 

real capital stock (K_1 ) and the real net investment (I-D) during this 

current period. Hence, 

K = K + I - D 
-1 

where I and D denote real gross investment and real depreciation, 

respectively. 

Real disposable income (Yd) is defined as: 

Yd ~ Y - D - T + Tr 

(11) 

(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 government and from the rest of the world. Since 

the defla.tor 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. 
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The necessary, or order, condition for the structural equation of 

a linear system to be identified requires that: 

K** ~ Gt:, - 1 

where K** is the number of predetermined variables excluded from the 

equation and Gt:, 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 lir:.ea.r one.. An examination of the system in the present study 

indicates that once Py is estimated from Equation (7), the remaining 

subsystem becomes linear. Hence, a check of the identification of the 

subsystem is in order. For simplification, Table XIII summarizes the 

identificcltion o:E 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 equa-

tion and the remaining five identities are identified. 

Estimation 

Thore are 13 endogenous variables and 13 equations making the 

system complete. The model as a whole implies a non-linear system of a 

re,-::ursive block nature. By a block recursive system, it means a group 

''····· 
of equations \vhich can be broken up into blocks of equations in such a 

way that e.quations within each block are simultaneous, but groups of 

equations ac.ross blocks are recursive. Thus, the knowledge of the 

endogenous variabJ_es in the first block permits the determination of 

the endogt::nous V3.riables in the second block (54, p. 270). 

Eauation (7) forms a single block with only one equation in t11e 

bloc:k. Since the disturbance term of this f;quation is assumed to be 
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TABLE XIII 

IDENTIFICATION OF THE EQUATIONS IN 
THE SUBSYSTEM OF THE MODEL 

Endogenous 
A d V;:iriable c Ip ·r D M w R I INFL K Yd y K** G -1 Identifiability 

-----···· ··-----

c la 0 0 0 0 0 0 0 0 0 1 0 9 1 Over-idcntif ied 

Ip 0 l 0 0 0 0 l 0 1 0 0 1 9 3 Over-identified 

T 0 0 1 0 0 0 0 0 0 0 0 1 10 1 Over-identified 

D 0 0 0 1 0 0 0 0 0 0 0 0 Identifiedb 

M 0 0 0 0 1 0 0 0 0 0 0 1 8 1 Over-identified 

w 0 0 0 0 0 1 0 0 0 0 0 1 10 1 Over-identified 

R. 0 0 0 0 0 0 1 0 0 0 0 1 8 1 Over-identified 

I 0 i 0 0 0 0 0 1 0 0 0 0 Identifiedc 

INFL 0 0 0 0 0 0 0 0 1 0 0 0 Identifiedc 

K 0 0 0 1 0 0 0 1 0 1 0 0 Identifiedc 

Yd 0 0 1 1 0 0 0 0 0 0 l l Identifiedc 

y 1 0 0 0 l 0 0 1 0 0 0 1 Identifiedc 

-------
a figures 1 and 0 in the matrix of endogenous variables indicate the The square 

presence or absence, respectively, of the particular variable in the equation (41, 
pp. 18-25 and 58}. 

bsince this equation is a minimal self-contained subsystem, no examination of 
ident.ifiabili ty is necessary. 

csince these equations are identities, no examination of identifia.bili ty is 
necessary ... 

dThe order c.;ondition of identification for the remaining equations is as 
follows: 

K** > G6·-l, = 

where K** is the number of predetermined variables excl;.ided, and G!J. is the number of 
endogenous variables included. 
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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 deterrnina-

-2 
tion corrected for the degree of freedom (R ); {2) a priori sign of 

coefficient; (3) the Durbin-Watson statistic; and {4) the standard 

errors of the parameter estimates (sbi). 

The coefficient of multiple determination corrected for the degree 

-2 
of freedom (R ) 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 sample--in this 

study. The value of R.2 ranges from 0 to 1 wit.'1 higher value indicating 

a great.er explanatory power. A priori sign of coefficient is used to 

check any sign contradictory to that expected from theory. 1'he Durbin-

Watson statistic (d) is used to detect the first order auto-correlation 

in the disturbance term. The value of d rang·es roughly from 0 to 4. 

When d value is very small (but larger than O), a positive auto-correla-

tion is indicated. Otherwise, a very large d value (but smaller than 4j 

indicates a negative auto-correlation. Jl. midrange value of 2 shows no 

first-order auto-correlation in the disturbance term. 'rhe test was 

desiqned for a sma.11 sample under the assurnptj_on of a single equation 



E.1ua-
ti on Dependent 

Nwnho;}r Variables 

(7 .1) Py 

(7. 2) Py 

(7. 3) ?y 

{7. 4) Py 

(7. 5) Py 

(7. 6) Py 

TABLE XIV 

ALTER.~ATIVE ESTI~~~TES OF THE EQUATION (7) AS ESTIMATED BY THE 
ORDINARY LEAST SQUARES FOR THE PERIOD 1952 TO 1973 

Coefficient (and Standard Error) 
of Explanatory Variablesa 

Constant Ms Pm Py_l Pm_l Ms_l 
-2a 
R 

13.42288 0.00035 0.64734 0.9482 
(0.00010)* (0.07375) * 

6.80179 0.00017 0.12092 0.77137 0.9940 
(0.00004)* (0.04491)" (0.05432)* 

17.13769. -0.00141 0.52698 0.00262 0.9818 
(0.00025)* (0.04850) * (0.00036) * 

22.91761 0.00064 -0.39548 0.91982 0.9872 
(0.00006),.. (0.11986)" (0.10107)* 

8.30853 -0.00012 0.16978 0.66909 0.00047 0.9941 
(0.00023) (0.05820)* (0.09677)* (0.00037) 

21.62970 -0.00041 -o. 11229 0.61443 0.00142 0.9945 
(0.00019)* (0.09138) (0.08430)* (0.00030)* 

Number 
of 

Wrong 
.a Signs a 

0. 7079 0 

2.0827 0 

1.5455 1 

1.6652 l 

2.1667 l 

2.2130 2 

aThe * indicates the t ratio is significant at the 5 percent level of significance; R.2 is t.'1e coefficient of Mul­
tiple Determination corrected for the degree of freedom; and the symbol d is the Durbin-Watson statistic for testing 
first order auto-correlation in the disturbance terms. 

f.J1 
OJ 
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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 
r---

./- n . 
rl- ~T n v 1 , 

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

v(b1 ) is the estimate of sampling variance of b1 (the coefficient of 

Py_1 ) in the simple least-square regression. The value of r can be 

approximated by: 

The standard errors of the parameter estimates (sbi) are the 

numbers g·iven 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 infer 

t.h.at under a. two-tailed test the parameter estimate is significantly 

different from 0 al: the five percent level of significance. Equivalent-

ly, this can be converted into the t ratio. If the t ratio exceeds 

2.101 in an abso::l.ute \·alue for two-tailed test, the null hypothesis t.ha.t 

the true parameter is 0 wi.1.1. };2 rejected at the five percent level of 

significarwt=. In Table XIV / the symbol * indicates a significant t 

ratio of parameter e£;ti.rnated a.t the five percent level for the two-

tailed test. 
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-2 
By the criterion of R 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 

A 

can be used only as a rough guide. With an r value of -.04 and a v(b1 ) 

value of .0029511, the calculated h value for equation (7.2) is -.19. 

Since this calculated value of h is smaller than 1.645 for the one-tailed 

test at the .OS level, the hypothesis of no positive auto-correlation 

is not rejected. 

Summarizing the above, Equation (7.2) is the best since it gives a 

-2 
very high value of R (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 H.'I'. 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 one unit of t.'1.e index number in import price (Pm). The price level 

will increase by • 77137 with an increase of one unit of the index nurnl:•e:c 

in the previous year's price level (Py_1 ). 
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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 Equations 

The equations estimated are those equations from (1) to (6) and 

(8). The results of estimation by 2SLS is given in 'rable 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 originally designed for small samples with a 

single equation where all explanatory variables are strictly exogenous. 

However, since this study involves simultaneous equations with lagged 

dependent variables, the Durbin-Watson test is not applicable. Neither 

is the Durbin test (h)--designed for large samples with lagged dependent 

variable--·since this study involves a relatively small sample. At this 

stage, it appears 1.:hat no test is available to handle a system with a 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

TABLE XV 

ESTIMATE OF THE SECOND BLOCK EQUATIONS AS ESTIMATED BY 
TWO STAGE LEAST SQUARES FOR THE PERIOD 1952 TO 1973 

c 2554.185 + 0.395026Yd + 0.460133C-l 
-2 
R 

(0.0815)a (0.1333)a d 

-? 
Ip -6128. 921 + 0 .123866Y - 18. 23567RR + 0. 370361Ip ..:.l R-

(0.0331)'1 (109.8802) (0.1978)a d 

T = -3152.600 + 0.179732Y -2 R 
(832 .1396)a (0.0050)a d 

D = 1894.030 + 0.0537986K-l 
-2 
R 

(0.0006)a d 

-42441.43 + 0.413878Y + 181. 7376RMP 
-2 

M = R 
(0.0187)a (150.4654) d = 

w = -5657.661 + 0.440653Y -2 
R 

(O. 0030)a d 

R = 24.53202 - O.OOOllY + 0.03679 (Ms/Py) 
-2 
R 

(0. 0003 )a (O. 0125)a d 

The seven alternatives are: 
b 

(8 .1) R= 11. 90991 - 0. 00006574Y + 0. 0244132Z + 0. 530312IL1 
-2 
R 

(O. 00003)a (0.0116)a (0.1911) d 

(8. 2) R = 27. 40220 - 0. 000185987Y + 0. 00539389Z + 0. 0835433Z_l -2 
R 

d 

(8. 3) R= 24. 74099 -0. 000008293Y + 0. 0341019Z -0. 000109656Y_l -2 R 
(0.0002) (O. 0139)a (0.0003) d = 

(8. 4) R = 29.43320 + 0.000223786Y - 0.0192675Z + 0. ll 7670z_1 
(0.002) (0.0190) (0.0344)a 

- 0.000470145Y-l 
-? R-

(0.0002)a d 

(8. 5) R = 14.50521 - 0.000142048Y - 0.00852384Z + 0.545766R_ 1 
(O. 00003)a {0.0144) (0 .1599)a · 

+ 0.08649622_1 
-2 
R 

(0.0278)a d 
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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....1 
(0.0002) (0.0125) (0.1883)a 

- o.00099395s8Y_1 
-2 
R 0.7665 

(O. 0002) d -- 2.1440 

(8.7) R 16.60888 + 0.000259370Y 0.0325844Z + 0. 541020R._1 
(0.0001) (0.0143) (0.127557) 

+ 0.119933Z_l - 0.000460998Y_l 
-2 
R 0.8857 

(0.0252)a (0.0002)a 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.2 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. 

bBy the criteria R2 , 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) c:rnd (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. Considering 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 exa.mined and no correction 

for serial correlation is made here. 

Equations (1) to (6) are from previous specifications. The estima-

-2 
tion results indicate that R , ranged from .9563 to .9989, are very high 

in these six equations. All the explanatory variables except for RR, 

I 1 , and RMP are all significant at the five percent level of signifi­
p-

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 R.2 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). 'I'he results indicate that Equation (8. 4) is the best one 

and is, therefore, 
6 

included in the system. 

First, let us discuss Equation (l}. Both_ Yd and c _1 are signifi­

cant at the.five percent level of significance. The R:2 of 0.999, the 

" -,c. 
highest along with the R of wage income (0.999), indicates that the 

estimated relationship t~xplains 99. 9 percent. of the variation in 
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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_1 (1 + 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. In Seaks' study the short run MPC (out of the sum of profit 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, 

8 
assuming that C grows at an eight percent average annual rate. 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_1 • Al-

though only Y explanatory variable is significant at the five percent 

level, the writer believes that real rate of interest, RR, should be 

included as a determinant of priYate investment. Although RR i:> not 

even significant at the 50 percent level, it does not necessarily indi-

cate a lack of real relationship between RR ::tnd Ip. There are theoret-

ical grounds for bslieving that Ip is negatively related to RR. This 

argument is substantiated by the negative coefficient between Ip and RR 

as shown in Table XV. So long as the t ration remains negatiw:, 
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does not contradict our belief. In addition, RR provides a link with 

the money market. -2 'I'he estimated equation has a very high R of .976. 

Ip_1 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.'I'. 

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_1 will 

cause an increase of Ip by .37036 million N.T. dollars. 

-2 The tax Equation (3) yields a very high R 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 T,vhich 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. 'rhe explanatory 

variable, K_1 , in the equation is significant at the five percent level. 

. -2 The equation 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. 

-2 The R of the equa.tion is . 956 which is very high. The Equation (5) 

implies that imports will increase by . 413878 million N. ·r. 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-

nifican:t at the five percent level. 
-2 

The R of .999 is the highest one 

along with that of consumption. 9 The equation indicates that the wage 

income will increa_se by • 440653 million N 0 'I'. 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-1 , is 

involved in the equation. Since Py is only part of variable (i.e., 

Z =Ms ) estimated from Equation (7.2) in the first block, Py in this 
Py 

remaining block is considered as exogenous, and hence, predetermined. 

The equation subsequently becomes a linear one. As shown on Table XV, 

both Y and Ms in this equation are not significant at the five percent 
Py 

level, but their lagged variables are significant. -2 The R of .7998, 

the lowest one among all equations, is still fairly high. Although the 

Ms 
coefficients of Y and Z (= --) are not significant in Equation (8.4), 

Py 

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 _1 , 

respectively. (Lagged Z has a larger positive effects on R 0 ) As Y 
-1 

increases by one million N.T. dollars in real terms, R will decrease 

by .000470145 percent (~lmost trivial}. (Lagged variable of Y again 

has a larger negative effect on R.) 

/ 



68 

-2 
In sununary, 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 

equation. 



ENDNOTES 

1while the original work of Koyck was done in the context of 
investment demand analysis in 1.954, 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. In 
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: Yt-li Yt-2 1 • • • Consider the consumption 
function: 

00 

(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: 

00 

ct = a + b I 1i 
yt-1 + ut 0 ~ A. < 1 (2) ,, 

i=O 

where b. = b A.i, b is some constant. 
J.. 

If O<A.<l, the weights given to the incomes of previous period decline 
in proportion to A.i. If A. is O, the lag scheme collapses immediately. 
The restriction that A. is between 0 and 1 ensures the convergence of the 
bi's to 0. By expanding (2), for the time period t, 

(2) ' 

+ 

For the time period t-1, 

2 

ct-1 = a + bYt-1 + A. bYt-2 + A. bYt-3 + • · • + ut-1 (3) 

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

69 
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or 

(4) 

where 

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 bi 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). 

2 
In 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-1 
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 economy of Taiwan (64, pp. 83-85). 

5since the period covered in this study is too 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 
a:r:e summarized in the Appendix D. 

7 2 . 
Since Yd includes C, the high F. may be spurious. 

8 The 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). 

j 9As 
/come (W) 
\domestic 

-2 
with consumption, this high R may be spurious since wage in-
is a part of national income and hence, a part of gross 
product {Y). 



CHAPTER V 

DYNAIHC SIMULATION 1 DYNAMIC MULTIPI,IERS 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. 'rhe time paths of the exogenous variables and the distur­

bances determine the time paths of endogenous variables. 

In. this chapter, the dynamic pri)perties of the model are analyzed. 

Two aspects are involved: (1) the stability of the system {:L. e. 1 

dynamic stability); and (2) the effects on the values of the endogenous 

variables of a unit change in the values of the exogenous variables 

(i.e., dynamic multipliers). 

Dynamic Simulation 

Tl1e analytical approach may be used to examine the stability of a 

linea.r sy~-;~em (see 54, pp. 344-345; and 56). But no simple analytical 

method appears available for a non-linear system. We must resort to 

the simi..;.1ation approa.ch, which can solve a simultaneous sot of differ-

ence <~quat.ions mathc.mati.cally (54, p. 310)" Given the pararneter esti­

mates an:'!. identities in the system, the initial values a:r-e specified 

for exogenous and predetermined variabhO!s. If a dyna.mic system r.uns 



unconstrained simulation for some time periods (e.g., 50 time periods 

for MACROSIM) with all lagged endogenous variables being appropriately 

updatedp the simultaneous solution of the system provides the time 

paths for each of the endogenous 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). 'rhe results of the 

simulation runs are sununarized in Table 1.'VI. Since the simulation 

value:::; of the endogenous variables approach equilibrium values over 

time, tJ.1e model is stable. 

Dynamic Multipliers 

A co:mmon practice in calculating the dynamic multipliers is to 

fi:i::st run a bench mark simulation. A bench mark simulation is a simula-

tion without any constraint, which can ha used as a bas(':! for comparison. 

After the bench mark simulation values are obtain2d, one unit change in 

one of the exogenous variables (such as G, Ms, and Ig, etc.) or para-

meter estiraa.tes (::mch as t 0 or t 1 , etc.) is assumed to determine the 

impact on the endogenous variables. There are three~ kinds of multipliers 

ir.. terms of time dimension---impact multipliers, interim multipliers and 

long run (or total) multip1ien~. 'I'he impact multipliers indicate the 

inuned.i.ate effect of each exogenous variable on each endogenous variable. 

The interim multipJ.ie:cs show the effects on 0ach endoc;enous variable in 

a g-iven time period, The long run fftUltip1iers indicate the total effect 



TABLE XVI 

SUM..''1ARY OF DYNAMI~ SIMULATIONS,a TAIWAN FORECASTING MODEL 

Exogenous Endogenous 
-

Vari- Initial Values 
Equilibrium Vari- Equilibrium 

able First Run Second Run Third Run Fourth Run Fifth Run Value able Value 

CNST l.000 --- --- --- --- 1.000 ·C 39849.914 

MS 1654.000 --- --- --- --- 1654.000 Ip 1647.501 

PM 32.110 --- --- --- --- 32 .110 T 7720.207 

MS/P 45.031 --- --- --- --- 45.031 D 5080.707 

HMP 114.390 --- --- --- --- 114.390 M 9753.984 

IG 3433.200 ---· --- --- --- 3433.200 w 20999.469 

TR 301. 87 0 --- --- --- --- 301.870 Py 47.984 

G 19312.000 --- --- --- --- 19312.000 R 17.931 

x 6006.000 --- --- --- --- 6006.000 I 5080.691 

CLl 36276.000 39931. 078 39852.070 39849.969 39849.914 39849.914 INFL 0.000 

IPLl 3120.300 1662.021 1647.885 1647.511 1647.501 1647.501 K 59233.477 

KLl 8002.000 58398.934 59211.199 59232.848 59233.461 59233. 477 Yd 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 

2 For details of dynamic simulation runs see Appendix D. Notice that: {a) the title "TAIWAN FORECAST­
E~G MODEL" is used hereafter for simplification; (b) the original printouts give prints of each endogenous 
variable in one 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. -...J 

w 
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on each endogenous variable. These dynamic multipliers provide infor-

mation concerning the pattern of variable interact.ion over time, thereby 

offering a valuable q~ide to policy formation and execution. Alterna-

tive pol.icy simulations can be conducted to assess the comt>ined effects 

on endogenous variables when a certain policy mix is chose.n. 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 U. 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 government expenditure in a given year brings 

an increase of 1. 031 and 1. 328 million N · T · dolla.rs in gross domestic 

product .in the sa..rne year and in the long run, n:;spectively. Similarly, 

an increase of 0.336, 0.125 and 0.187 million N.T. dollars in the same 

year and an increase of 0. 598, 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 income; 0.121 and 0.273 increase in gross investment; 

0 .. 133 and 4.813 increase in capital stock; 0.840 anrJ. 0.828 increase in 

In the same year the impact on depreciation, price 

levc~l, interest rate, and rate of inflation are all trivial (0.000). 



TABLE XVII 

SUl".MA.RY OF DYNAMIC MULTIPLIERS ,a TAIWAN FORECASTING MODEL 

--------·-------·~· 

!·~ul ti plier 
6G = l.O !IIG = 1.0 li'i'R = l. 0 lit1 = 0.1 tit0 = i.o liMS = 1. 0 

·----
for Impact Total Impact Total Impact Total Impact Total Impact Total Impact Total 

-
y L031 1.328 1.031 0.391 0.406 0.973 -2,367.015 -5,370.371 -0.405 -0.973 -0.078 -0.582 

c 0 '• 336 0.598 0.332 -0.535 0.527 1.172 -3,063.180 -6,497.781 -C.529 -1.182 -0.027 -0.238 

Ip 0.1:25 0.272 0.125 0.083 0.047 0.195 - 283.537 -1,095.307 -0.048 -0.197 0.003 -0.177 

T 0 ., 0.., 
.,.J.v/ 

r, .... ..,. 11 u ~ ..C,..)Lj; O.l87 0.070 0.074 0.172 5,387.308 4,547.191 0.927 0.825 -0.008 -0.105 

D 0.000 0.258 0.000 1.035 0.000 0.184 0.000 -1,042.532 o.ooo -0.190 0.000 -0.172 

M 0 .. 429 0 .. 551 0.425 0.160 0.168 0.393 - 979.660 -2,222.687 -0.168 -0.404 0.058 0.172 

w 0.453 G.5<'36 0.453 0.172 0.180 0.422 -1,043.031 -2,366.477 -0.179 -0.429 -0.035 -0.262 

Py 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

R 0.000 0.000 0.000 0.000 0.000 0.000 -· 0.529 1. 324 0.000 0.000 0.000 0.002 

C.121 0.273 1.121 1 .. 082 0.047 0.199 - 283.535 -l,095.302 -0.048 -0.197 0.000 -0.176 

INI<'L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

K 0.133 'L8:L3 l.133 19 .. 305 0.059 3.430 - 283.535 -l,9'13.122 -0.047-3.532 0.020 -3.195 

Yd. 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 

"'oyn:;mic multipliers include impact, interim, and long-ru:;. (total) multipliers. Only the impact and total 
;:m:iltiplie;:s arE: su.-r::-.arizec here. The unit for G, IG, TR, and t 0 are in millions cf N.T. Dollars in real terms ·at 
197 l pric<:s. The change i:1 t 1 is from O .18 to 0. 28. The unit of MS is in millions of N. T. Dollars. 

-..J 
!JI 
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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 expenditure 

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 governmental investment 

produces both impact and total multipliers similar to the government 

expenditure multipliers. The impact and total multipliers for Y {= GDP) 

are l. 031 and 0. 391, respectively. •rhese 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 product in the same 

year and in the long run, respectively. It also brings 0.027 and 0.238 

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, respectively. 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 some positive and some negative net interi...~ 

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 tha.n one million 

. 1 
N. T. dollars. However, 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 multipliers 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. 'r. dollars. In gen-

eral, these tax ir"creases have a contractive effect on the economy. 

Consistent with the writer's earlier 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 equation 
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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 quite insensitive to these exogenous changes. The interest 

rate is also insensitive to these exogenous changes except for the tax 

rate increase. 

Policy 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 XVIII. In this study, only the combination of two 

instruments are arbitrarily selected as examples of policy simulation. 

In fact, the revised Ml~CROSIM 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 

endogenous variable, due to 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, among these, 

policy mix (6) (an increase in govermnent expenditure by one million 

N. T. dollars accompanied by a simultaneous decrease in the marginal 

rate of taxation by 0.1) is the most effective measure in stimulating 

the •raiwan economy. 'l'his policy mix produces a stimulating impact of 

2569. 055 million N. •r. dollars and a stimulating total effect of 

652tL684 million N. T. dollars on the Taiwan economy& Nevf,rtheJ.ess, 

this policy mix will also bring a decrease of tax revenues by 51344.597 



TABLE XVIII 

SUMMARY OF THE POLICY SIMULATIONS,a TAIWAN FORECASTING MODEL 

(l} (2) (3) (4) (5) (6) 

Effects 
t.G"'l I L\Ms=l LG=l, L\Ms=-1 t.Ig=l, L'.Ms=l L'.Ig=l, llMs=-1 l1G=l, t.t1=.l .6.G=l, t.t1= -.1 

on Impact Total :tmpact Total Impact Total Impact Total Impact Total Impact Total 

c 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 0.123 0.265 - 283.420 -1095.062 307.746 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 0.000 1,273.973 

M 0.492 o. 723 0.367 0.363 0.492 0.336 0.367 -0.020 - 979.250 -2222.187 1,063.293 2,700.480 

w 0.430 0.332 0.504 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 0.000 0.000 -0.001 0.000 0.000 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 0.136 0.113 0.129 0.465 1.136 0.922 1.129 1. 270 - 283.418 -1095.055 307.746 1,330.895 

INFL o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 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 10, 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 

00 
0 



Effects 
on 

c 

Ip 

(7) 

t.G=l, t.t 0=10 

Impact Total 

- 4.949 -11.211 

- 0.353 -1.700 

TABLE XVIII {Continued) 

(8) 

.t.G=l, lit0"'-10 

Impact Total 

(9) 

liig=l, litl= .1 

Impact Total 

5.590 12.359 -3,062.898 -6,498.340 

0.623 2.275 - 283.416 -1,095.228 

(10) 

liig=l, litl= -.1 

Impact Total 

(ll) 

LIIg=l, !.lt 0=10 

Impact •.rotal 

3,323.621 7,892.141 -4.953-12.340 

307.746 1,330.680 -0.357 -1.896 

(12) 

lirg=l, lit0= -10 

Impac·c Total 

5.586 11.219 

0.619 2.078 

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 

0 0.000 -l.633 0.000 2.156 0.000 -1,041.501 0.000 1,274.738 0.000 -0.859 0.000 2.934 

M - l.254 -3.484 2.117 4.582 979.250 -2,222.539 1,063.293 2,700.055 -1.254 -3.867 2.117 4.191 

w - l.332 -3.703 2.254 4.879 -1,042.597 -2,366.312 1,132.07_8 2,874.727 -1.332 -4.117 2.254 4.465 

Py o.ooo 0.000 0.000 0.000 o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

R 0.000 0.002 0.001 -0.002 0.529 l.324 0.575 - l.608 0.000 0.003 0.001 -0.002 

I - 0. 356 -1.699 0.621 2.277 282.418 -1,094.225 308.745 1,331.684 0.644 -0.891 1.621 3.082 

INFL 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

K - 0.351 -30.441 0.625 40.219 282.418 -19,412.016 308.743 23,751.523 0.649 -1.6.004 1. 625 54. 664 

Yd -12.476 -15.246 14.203 16.941 -7,753.637 -8,875.812 8,413.723 10,778.375 -12.480 -16.789 14.199 15.395 

y - 3.015 -8.395 5.129 11.094 -2,366.027 -5,370.008 2,569.055 6,523.684 -3.015 -9.328 5.129 10.145 

aOnly the impact and total multipliers are sumrr~rized. The units for G, Ig and t 0 are in millions of N.T. Dollars in 
in real terms at 1971 prices. When t 1 is positive, the magnitude of change in t is from 0.18 to 0.28. When ti is nega­
tive, the rnag~itude of change in t1 is from 0.18 to 0.08. The unit of Ms is in millions of N.T. Dollars. 

00 
~ 
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million N. T. dollars in the same year and by a total 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 .1) 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 tool 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. 



ENDNO'l'ES 

1 
Because 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 other multipliers. Therefore, the multiplier 
for the marginal tax rate should not be compared to the other multipli­
ers. 
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CEAP'rER VI 

THE EVALUATION OF THE PERF'ORMANCE 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. 

'fhe S .imula ti on Fit 

The simulation fit refers to the "fit" of the variables in a simu­

lation context. Some quantitative measures are desirable to examine how 

closely each endogenous variable tracks its corresponding historical 

data se:r:ies (54, p. 316). Deviation in actual or observed value is 

usually designated by the di:f:f erence between the florecasted (or simulat­

ed) value and the corresponding actual value. The differences for all 

variables are then sunnued up to obtain the total deviation. These 

differences are positive and negative; hence, they sum to zero. 'I'o 

avoid the cancelling effect, the sum of abF;olute deviations o.r. the 
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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-

vations to yield an average deviation. 'l'he mean absolute error (1:11C\E) 

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 (l~ISE). If these 

squared deviations are expressed in terms of percent, the measure be~ 

comes the root-mean square percent error (Rl'!lSPE). Deviation can also 

be measured in terms of change, such as the Theil's Inequality Coeffi-

cient (TIC). 'I'hese measures are discussed below. 

The Root-M_e~n Sg:uaEe __ Simulation Error (RMSE). The Rt'vlSE 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. 'Eo make a meaningful comparison, the size of 

the error must be co::npared with the average size (i.e., mean) of the 

variable in question. Otherwise, comparison should be made with the 

same measure for the same variable of comparable models. The R!vlSE can 

be expressed as: 

RNSE s " 2 (Y ~- y'"·) 
t t (1) 

where '.>'. 8 renresents the simulated value of Y,__, Yat the actual value, and 
t - ~ 

T the number of periods 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: 

RMS PE (2) 

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: 

1 ~ I s al = - l y - y 
T t=l t t 

(3) 

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

the absolute value of percent deviation of the simulated value from 

actual value. The MAPE can be expressed as: 

HA.PE 
1 T 

I 
T t==l 

x 100 (4) 

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

TIC (5) 
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s s 
where Pi represents the predicted change ( = Yt - Yt-l), Ai the actual 

a a 
change ( = Yt - Yt_1 ), and n = T - 1 the nwuber the change observed 

( == sample size - 1). TIC ranges from 0 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 errors 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 values. The 

RMSE and the RM.SPE 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 

series correspond with the turning points in the actual data. A close 

correspondence indicates a better model performance. 

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 period ur:;ed for simulation if it approximates 

reality. Neither the simulation nor the forecast.in9 performance should 
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bi:; affected drastically in the case of a minor change in one of the 

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

Evaluation of Model Performance 

In an attempt. to evaluate the performance of the model, the ex post 

simula.tion and the ex post forecasting are conducted. The ex post simu-

la.tion refers to the simulation within the sample estimation period. By 

simulating the model over the period for which the actual series is 

available, a comparison can be made for each endogenous variable between 

the simulated series and the actual series. 'I'hus, the ex post simula-

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

the ex post simulation can 2,lso be employed in policy simulations. We 

can compa:n~ its effects by changing the parameter values or the time 

paths for exogenous va.riabJ.es as a. result of alternative policies. The 

ex post forecasting refers to forecastin~1 beyond the sample estimation 

period up to the present time. The revised Ml',CROSIM is used in the •:?.x 

po::•t simulation a.~1 well as in the ex post forecasting in this. chapter. 

Mcidel Performa.nr~:e in Terms of the 

Si;1;1_1la.t:Lon Fit 

'ri1e detctiled results of simulation fit of the model within the 

sample estimation t:Jeriod a.re given in Append:Lx F. From this appendix, 

the Mean ,.\bE10lute Percent Errors for these 13 endogenous variables are 

summarized in Table XIX. The simulated value of gross domestic product 

is off 8.09 percent from the actual (or historical) value. The value 

of the pric•s level deviates from actual series by 2. 05 percent. 'I'he 

p:c:Lva.te :i.nvestmentr intsY.est rate, a.nd rate of inflatir.rn., h<:.:.<.V(';!VE~x·, are 



TABLE XIX 

THE ACCURACY OF EX POST SIMULATION, 
TAIWAN FORECASTING MODEL 

Endogenous Mean Absolute 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 
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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 i.n these specifications. 

Since gross invesbnent contains both private and governmental investment, 

large deviations produced by private investment is also reflected in 

gross investment. When the price changes, the rate of inflation fluctu­

ates v..cr;ord:i.ngly. 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 (lippendix 

G). This result is cor:lpared with the ex post simulation for 1953-1973. 

Comparison results are shown.in 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

ciat:i.on, interest rate, and rate of inflation; and the 'rIC associated 

with taxes, ii:iterest rate, and gross investment. However, the error of 

the overall forecast for the gross domestic product (the most important 

vad.ablE,) increases slightly less than six percent in terms of N ... 7\PE and 

.1.ncrcases 0. 02 in terms of TIC. Since the rate of inflation is very 

sensitive to the change in price level, the big difff!rence between the 

measures 1.n the sa:;:nple and beyond the sample period as measured by the 

rtiAPE is not surprisin9. A few equations (such as private investment, 

intere::>t z:ate, rate of inflation, and gross investment) do not perform 

as well. as expected. On the whole, the model performs falrly 1qell be-

yond the "''stimation pe:r:.iod; h.ence, t..1-ie model can be use;d fo:c ez ante 



'.£'ABLE XX 

COMPARISON OF THE ACCURACY OF EX POST SIMULATION AND FORECASTING, 
'l'AIWAN FORECASTING MODEL 

·---·· 
Si::iula.tion 

':t·?e Ex Post Simulation Ex Post Forecasting 

Period 1953-1973 1974-1976 Difference 
-· ·-

Cri tc.t'.ia MAE ~~ti':\.PE R/1SE R'ISPE TIC MAE MAPE R.'1SE RMS PE TIC MAE .ti.APE RMSE RMS PE TIC 

c 7048.43 8.90 1744.44 2.15 0 .. 2S 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 15176.0l 6.75 9974.61 16.32 0.23 

T 1182.59 5.53 356.42 l.56 0.33 6092.04 9.88 5433.21 8.84 0.79 4909.45 4.35 5076. 79 7.28 0.46 

D 529.70 8.15 137.34 2.09 0.19 6744.13 27.82 3961. 61 16.13 0.10 6214.43 19.67 3824.27 14.04 0.09 

H 2214.58 l0.39 607.43 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 l. 34 2.05 0.36 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 2.89 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 

!NFL 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 

K 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 

Yd 9961.05 9.29 2493.10 2.24 0.23 36984.96 13.89 21977.06 a. 20 0.19 27023.91 4.60 19483. 96. 5.96 -0.04 

y 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 

l.O , ..... 
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The prints and plots of the results of ex post simulation are given 

in Append.ix E'. B<:.t.h the obscr'red and the forocasted series for 1953·-

1973 {i.e., "1" is 1953) are included. To see how well turning points 

in the forecasted series correspond with turning points in the actual 

data for a given endo~1enous v;;,.riable, we need to compare two consecutive 

ob;::,erved values (i.e., observed. chan9e) in the observed series first. 

Then, denote U1e change by a "+" for an increase, a "-" for a decrease, 

and no change by "O" 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 sa.me year. A 

sign opposite from that of Uie observed change indicates a "missed 

turning }?\)int." 'I'he total nw:nber of turning points missed can then be 

caJ.culated. for a given endogenour; variable with a smaller number indi-

co.ting a. better performance of a. mod~;l. 'l'he results of the performance 

of the model i.n terms of turninr; points missed a.re discussed below. 

No turning points are missed for consumption, depreciation, wage 

income, price leve:L, capital stock, disposab1G income, or gross domestic 

l prcduct. 'I.'his gen1';ra1 pat'..:ern .is in agreement with the qe!1eral upward 

treo1C. as shown in the plots. Fe):'.' each of these variabl<:Ho, the forecast-

ed ser.i.e;c; track the observed series very clo::o:ely. One tur:i.ing point is 

n1i~~sec1 fo::: eacJ:i of tJ1e fo11owin~r va.riubles ~ ta:KE::S, irnports, an(l gross 

i.nvest.ment. Fo:r: :::.axc';s, the obset"lC:d cha.nge bAt.ween 1963 and 1964 was 

dec:r:ea.sins !,-} while tl:H,~ forecasted chan9e we.~'; :i.ncreasi.ng (+). For 

imports, the obsr::orved change betwee.n 1954 and 1955 was dec:ce:;;f.;:L1g while 

tl1e fo.t·cr.:.:asted chanqf:! v1as . ' incre::t::.;1.ng. For gro~3s 



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 (one-fifth of the total turning 
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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 rate. Finally, eight turning points (two­

fifths of all turning points) are missed regarding rate of inflation. 

The observed changes between 1954 and 1955, between 1959 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 decreas.ed while all the corres­

ponding forecasted changes increased. Although eight turning points are 



missed for the rate of inflation, the plots indicate a fairly close 

track between t11e fluctuation trend of the forecasted series and the 

fluctuation trend of the observed series. 
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In SlL.'llITlary, of the 13 endogenous variables, seven have no turning 

point missed, three miss one turning point, two miss four turning points, 

and 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 Performance in Terms of Sensitivity 

In order to see whether the writer's rriodel is sensitive to any 

change in the initial period used in simulation, the writer uses the 

revised MACROSil-1 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. 'I'hese results are further 

summarized in Table XXII. Note that only three measures (the MAPE, 

RMSPE and TIC) are selected for comparison since these relative measnres 

are more relevant. It appears thi'it the model, as measured by several 

simulation error measures, is 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. 

'1,his finding seems to further substantiate a priori notion 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 p.rice level. Furthermore, the 



TABLE XXI 

SIMULATION RUNS FOR SENSITIVITY STUDY, 'l'AIWAN FORECASTING MODEL 

Program PCSNSTVl (= PCFOR7) PCSNSTV2 

Period 1953-.1973 (21-Period) 1960-1973 (14-Period) 
-· 

Criteria MAE MAPE RMSE RMS PE TIC MAE MAPE RMSE RMS PE 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 31.25 867.45 9.00 0.53 3551.66 14.45 1133.56 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 2.09 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 8.22 1098.02 2.03 0.24 2768.92 6.54 1439.44 1.94 0.18 

Py L34 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 0.83 7.79 0.63 -1.93 31.85 0.68 10.91 0.56 

K 9868.73 10.31 2554.80 2.84 0.13 11497 .37 4.92 3964.51 1.49 0.08 

Yd 9961.05 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 "° U1 



T.A.BLE XXI (Continued) 

Program PCSNSTV3 PCSNSTV4 
---

Period 1967-1973 (7-Period) 1953-1976 (24-Period) 

Criteria Iv"il~E MAPE RMSE RMS PE TIC MAE MAPE RMSE RMS PE TIC 

c 6650.91 5.15 2677.96 2.08 0.17 9572.77 9.60 2541.65 2.16 0.26 

Ip 4135.67 11.98 1699.05 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 6652.89 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 1.16 13.81 0.65 

K 11076.00 3.72 4549.88 1.53 0.06 .9950. 82 9.24 2436.04 2.49 0.12 

Yd 10428.22 5.72 4403.84 2.41 0.17 13808. 31 10.04 3704.95 2.26 0.23 

y 11941. 92 5.11 4870.59 2.09 0.13 16248.14 8.98 4664.30 2.03 0.19 

\.0 
Ci'I 



Programs 
··--

Criteriaa 

c 
Ip 

T 

[J 

M 

w 
Py 

R 

I 

INFL 

K 

Yd 

y 

TABLE XXII 

SENSITIVITY TO THE INITIAL SIMULATION PERIOD, 
TAIWAN FORECASTING MODEL 

PCSNSTV2 - PCSNSTVl PCSNSTV3 - PCSNSTV2 PCSNS'IV3 - PCSNS'IVl 

MAPE RlV\SPE '!'IC MAPE FMSPE TIC MAPE FMSPE TIC 

- 2.18 -0.05 -0.02 -1.57 -0.02 -0.06 - 3.75 -0.07 -0.08 

-16 .. 80 -4.71 -0.15 -2.47 0.'71 0.05 -19.27 -4.00 -0.10 

- 0.65 0.08 -0.06 -0.12 0.54 -o.os - 0.77 0.62 -0.11 

- 4.40 -·O. 85 -0.06 -1.04 0.21 -0.01 - 5.44 -0.64 -0.07 

4.62 -1.31 -0.13 -1.94 0.05 -0.03 - 6.56 -1.26 -0.16 

- 1.68 -0.09 -0.06 -1.38 0.12 -0.04 - 3.06 0.03 -0.10 

0.00 0.08 -0.06 -0.03 0.33 -0.03 - 0.03 0.41 -0.09 

1.52 1.91 -0.02 5.43 4.06 0.12 6.95 5.97 0.10 

.. 7. 50 -1.63 -0.11 -1.66 0.38 0.03 - 9.16 -1.25 -0.08 

4.17 3.12 -0.07 -6.14 1.65 -0.08 - 1. 97 4.77 -0.15 

.. 5. 39 -1.35 -0.05 -1.20 0.04 -0.02 - 6.59 -1.31 -0.07 

- 2.33 -0.03 -0.01 -1.24 0.20 -0.05 - 3.57 0.17 -0.06 

- 1.95 -0.03 -0.02 -1.03 0.19 -0.04 - 2.98 0.16 -0.06 

PCSNS'IV4 - PCSNSTVl 

MAPE RMS PE TIC 

0.70 0.01 0.01 

0.92 -0.46 0.04 

0.69 0.22 0.05 

2.27 0.56 0.07 

-0.16 -0.31 0.01 

0.80 0.06 0.00 

0.72 0.26 0.08 

1.17 -0.05 0.15 

0.14 -0.29 0.03 

14.89 6.02 0.02 

-1.07 -0.35 -0.01 

0.75 0.02 0.00 

0.89 0.10 0.00 

a 
MAPE: Mean-Absolute-Percent-Error; HMSPE: Root-Mean-Square-Percent Error; TIC: Theil's 

Inequality Coefficient. 

l.O 
-..J 



model as evaluated by the simulation measure TIC seems to be rather 

insensitive to changes in the initial period. 
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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 a.t 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. 

'l'he 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 1 model via the revised 

MACROSIM program. The Taiwan naive model assumes the functional form of 

Y = f(Y_ 1 ) in the construction of the behavioral equations. The endog­

enous and exogenous variables in the naive model are defined sL"'llilarly 

to the ~l:'aiwan forecasting model. Estimated equations by ordinary 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. 'I'wo points are arbitrarily assigned to the one 

with a smaller error indicating a better performance. Otherwise, one 

point is asslgned.. 'I'h·:.m the average points are obtained for each 



TABLE XXIII 

SUMMARY OF TAIWAN NAIVE MODEL 

Behavioral Equations 

(1) c = -1935.735 + 1.105317 c_1 
(0.0107)* . 

{2) Ip = 486.4411 + 1.112293 Ip -l 
(0.0472)* 

(3) -892.935 + 1.153155 T_1 T 
(0.0252)* 

(4) -80.8184 + 1.139877 D 1 D = 
(0.0156)* - ... 

(5) -1718.498 + 1. 237353 M _1 M = 
(0.0160)* 

(6) w = -1100.263 + 1.133818 w_1 
(0.0100)* 

(7) 1.808126 + 1.036052 Py_1 Py = 
(0.0266)* . 

(8) R = 2.067835 + 0.851149 R_1 
(0 .1048) * 

Identities 

(9) I Ip+ Ig 

(10) INFL = 100. (Py~· Py_1 )/Py_1 

(10.1) 

(11) 

where Z = Py/Py 
2 -1 

K = K + I - D 
-1 

(12) Yd Y - D - T - Tr 

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

-2 R. 

-2 
R 

-2 
R 

-2 
R 

-2 
R 

-2 
R 

-2 
R 

-2 
R 

lOO.z2 - 100 

99 

= 0.9979 d = 2.01 

= 0.9617 d = 2.47 

0.9896 d 2.10 

0.9959 d = 1.39 

0.9963 d = 2.70 

0.9983 d -- 2.07 

0.9856 d - 1.43 

0.7458 d = 2.27 
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D 
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?y 
Points 

R 
Poin':s 

r 
?oints 

:).TL 
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r.: 
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Yd 
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y 
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TABLE XXIV 

COMPARISON OF ·rrrn SIMULATION ACCURACY OF THE 
TAIWAN NAIVE AND FORECAS'l'ING MODELS 

MAE 

Taiwan Naive Mod.cl 
1953-1973 

!'.APE R'!SE RMSPE TIC 

2984.52 3.74 738.~4 0.92 0.16 
2 2 2 2 2 

7055.48 52.11 1822.41 13.42 0.48 
1 1 1 l 2 

3643.90 15.18 978.29 3.53 0.38 
1 1 l 1 l 

l48G.21 17.10 395.,3 4.00 0.20 
l l l l l 

14739.16 31.BS 4829.32 7.89 0.26 
1 1 l 1 2 

2905.43 
2 

5.20 751.18 1.27 0.19 
2 2 2 2 

:J.85 
1 

5.76 0.94 l.40 0.27 
1 1 1 l 

1-59 10.00 0.41 2.52 0.82 
2 2 2 2 1 

7139.57 29.24 1825.58 7.00 0.52 
l l 1 1 1 

3.22 38.00 1.01 11.45 0.95 
1 l 1 . . 

~ . 
40627.55 25.45 11517.71 6.08 0.16 

l l 1 l 1 

10421.05 7.00 3288.72 l.80 0.22 
1 2 l 2 2 

Taiwan Forecasting Model 
1953-1973 

MAE MAPE RMSE R}1SPE TIC 

7048.43 6.90 1714.44 2.15 0.25 
2 2 2 2 

3452.22 31.25 867.45 9.00 0.53 
2 2 2 2 l. 

1182.59 5.53 356.42 1.56 0.33 
2 2 2 2 

529.70 8.15 137.54 2.09 0.19 
2 2 2 2 2 

221~.58 10.39 607.43 3.32 0.33 
2 2 2 2 l 

4415.35 
l 

1. 34 
2 

8.22 1098.02 2.03 0.24 
l l l l 

2.05 0.36 0.58 0.23 
2 2 2 2 

2.89 19.86 0.74 5.32 0.66 
1 l 1 l 2 

3452.34 16.53 867.48 4.36 0.33 
2 2 2 2 2 

2. SS 27. 68 0.83 7.79 0.63 
2 2 2 2 2 

9868.73 10.31 2554.80 2.84 0.13 
2 2 2 2 2 

9961.05 9.29 2493.10 2.24 0.23 
2 l 2 1 l 

11297.35 5.(,4 3778.17 1.56 0.16 10856.51 8.09 2673.26 1.93 0.19 
1 2 1 2 2 2 l 2 1 1 

Taiwan N~ive Taiwan Forecast-
Model ing Model 

Average Average 

2.0 1.0 

1.2 1.8 

1.0 2.0 

l.O 2.0 

1.2 l.8 

2.0 1.0 

1.0 2.0 

l.8 1.2 

1.0 2.0 

1.0 2.0 

1.0 2.0 

1.6 1.4 

1.6 1.4 

Grand Aver,.ga :i..338 l.662 I-' 
0 
0 
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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 basic 

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 .ll.ppendix H. Since only eight variables are com­

parable (see Table XXV), the comparisons are made in terms of these 

variables only. In calculating 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 error. 

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 ve:r.sion. This comparison indicates that the writer's Taiwan 

forecasting model is considerably better than both versions of Seaks' 

model in t8rms 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 



Model 
Period 

Criteria 

c 
Points 

Ip 
Points 

D 
Points 

M 

Points 

w 
Points 

I 
Points 

K 
Points 

Y {= GDP) 
Points 

TABLE XXV 

COMPARISON OF THE SI.MULA'I'ION ACCURACY OF 'I'HE 
SEAKS AND TAIWAN FORECASTING MODELS 

The Seaks Model (2SLS) The Seaks Model (Efficient Estimates) 
1953-1970 1953-1970 

MA~., MAPE Rtv!SE RMS PE TIC MAE MAPE RMSE RMS PE TIC 

26528.25 38.42 9570.75 11. 74 0.74 17224.38 24.93 5563.35 7.25 0.64 
1 1 l 1 1 2 2 2 2 2 

16735.93 130 .17 5528.74 37 .18 0.96 15326.95 114.11 5055.80 3?..03 0.92 
1 1 1 1 1 2 2 2 2 2 

5290.67 86.49 1514.14 21.19 0.96 757.66 14.90 217.56 4.21 0.37 
1 1 1 1 1 2 2 2 2 2 

8813 .89 42.20 2763.76 11.90 0.67 9413.84 40.14 3218.79 11.24 0.81 
2 1 2 1 2 1 2 1 2 1 

19050.30 45.99 6810. 70 13.55 0.72 12339.79 29.77 4019.04 8.51 0.63 
1 1 1 1 1 2 2 2 2 2 

16792.48 81.06 5529.12 22.53 0.77 15382.50 70.89 5056.30 19.36 0.83 
1 1 1 1 1 2 2 2 2 1 

32330.43 45.47 9743.15 14.24 0.40 25859.24 28.52 8271.49 7.98 0.43 
1 1 1 1 2 2 2 2 2 1 

39619.30 35.12 14263.10 10.41 0.67 25221.80 23.17 8040.22 6.58 0.58 
1 1 1 1 1 2 2 2 2 2 i-' 

0 
t-.l 



TABLE XXV (Continued) 

'I'he Taiwan Forecasting- Model The Seaks Model The Seaks Model •rhe Taiwan Fore-
1953-·1973 (2SLS) (Efficient Est.) casting Model 

Average Average Average 
Y'".AE MAPE RMSE R.MSPE TIC Points Points Points 

704B.43 8. 9CJ 1744.44 2.15 0.25 1.0 2.0 3.0 
") 
..J 3 3 3 3 

3452.22 31.25 867.45 9.00 0.53 
1.0 2.0 3.0 

3 3 3 3 3 

529.70 8.15 137 .34 2.09 0.19 
l.O 2.0 3.0 

3 3 3 ., 3 _, 

2214.58 10.39 607.43 3.32 0.33 
1.6 1.4 3.0 

3 3 3 3 3 

4415.35 8.22 1098.02 2.03 0.24 
1.0 2.0 3.0 

3 3 3 3 3 

3452.34 16.53 867.48 4.36 0.38 
1.2 1.8 3.0 

3 3 3 3 3 

9868.73 10.31 2554.80 2.84 0.13 
1.2 1.8 3.0 

3 3 3 3 3 

10856.51 8.09 2673.26 1. 93 0.19 
1.0 2.0 3.0 ., 

3 3 3 3 .) 

Grand Average 1.125 1.875 3.000 ..... 
0 
w 
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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 

2 
a Chi-square test of the discrepancy for structural change. 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. Hence, 21 time periods yield 21 observed randomly 

distributed values. For convenience, however, the time series may be 

rearranged in an ascending (or descending) order of time. Similarly, 

the predicted series can also conceivably be obtained in a similar 

fashion. 

'.rhe procedure involved in calculating the Chi-square value is: 

(a) Choose one maximum and one minimum value from the A. (actual) 
l 

and the P. (predicted) series so that the range is large enough to cover 
l 

the differences of maximum and minimum values from both series. 

(b) The ranqe of the difference is divided by 3 (assu.'lle that three 

classes of intervals are involved--large, medium and small). 

(c) Based on these intervals, count the frequencies of A. falling 
d . l 

in O. and frequencies of P. falling in E. (where 0. is the observed fre-
1 l l 1. 

quency and E. is the expected frequency. 
1 

(d) Based on these 0. and E. distributions, calculate the Chi-
l l 

square according to the following formula: 



2 x 
(0. - E.) 2 

l l 

E. 
l 

(e) Compare this Chi-square value calculated with the expected 
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Chi-square 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 larger. 

Since all the Chi-square values calculated are smaller than the 

Chi-square value, the null hypothesis of no structural change is not 

rejected. Hence, the model specification seems to be reasonable (for 

details of the Chi-square test, see Table XXVI). 



Equation 

Consumption 
(C) 

Private 
Investm2nt 

(Ip) 

Taxes 
(T) 

Depreciation 
(D) 

Imports 
(M) 

Wage Income 
(W) 

Price Level 
(Py) 

Interest 
Rate 

(R) 

TABLE XXVI 

A CHI-SQUARE TEST FOR THE STRUCTURAL CHANGE, 
TAIWAN FORECASTING MODEL 

Computed x2, 
Class Interval O· 1. E· 1. x2 .95 

39,311.00- 83,496.00 11 12 
83,497.00-127,681.00 6 5 0.028 5.99 

127,682.00-171,866.00 4 4 

2,807.00- 18,726.00 12 13 
18,727.00- 34,645.00 5 5 0.410 5.99 
34,646.00- 50,564.00 4 3 

7,968.00- 24,543.00 14 13 
24,544.00- 41,118.00 4 5 0.280 5.99 
41,119.00- 57,693.00 3 3 

2,324.00- 9,307.00 14 14 
9,308.00- 16,290.00 4 4 5.99 

16, 291. 00- 23,273.00 3 3 

4,253.00- 44,313.00 15 14 
44,314.00- 84,373.00 3 5 1. 370 5.99 
84,374.00-124,433.00 3 2 

21,619.00- 60,660.67 13 12 
60,660.68- 99,702.34 5 6 0.250 5.99 
99,702.35-138,744.00 3 3 

33. 00- 61. 67 7 8 
61. 68- 90. 34 9 8 0.250 5.99 
90.35-119.00 5 5 

9.90- 13.80 6 7 
13.81- 17.70 8 8 0.310 5.99 
17.71- 21.60 7 6 

• 
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Decision 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 

No 
structural 
change 



ENDNOTES 

1 Actually, 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 

SUMMlillY 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. 

In addition, 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 containing 13 

equa ti.ans. 'l'ho equations for consumption, private investment, tax, de­

preciation, imports, wage income, price 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 equa.tion forms the first block v the rc:maining . 

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 sped.fi-

cation for the interest rate (R) yielded two wrong signs and poor simula.-

tion results .in the estination of the second block equations. Several 

alternativ,':.s in:::luding the lagged variables of interest rate, gross 

108 
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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 equilibrilm1 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. 'I'. dollars accompanied by a simultaneous decrease 

in the marginal ra.te 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.. Of 12 selected policy mixes, a com~ 

bination of an increase in governmental investment of one million N. T. 

dollars and an increase in the tax rab:: of 0.1 was the most effective 



measure in contracting the economy. However, this policy mix also 

brought an increase in tax revenues. 

llO 

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 values. Large devia­

tions were produced by gross investment {off 16.53 percent), interest 

rate (off 19.86 percent), rate of inflation (off 27.68 percent), and 

private investment (31.25 percent). With regard to 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 rater 

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. In 

general, the performance of the model can be considered quite good in 

terms of turning points. In tenns of model sensitivity, the overall per­

formance wit...11.in the estimation period appears to be rather stable, al­

though some variables associated with certain error measures are 

sensitive to the initial period used for simulation. 



111 

Compared with the Taiwan naive model, the writer's model is found 

superior to overall performance of ex post simulation. 'l'he 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 assrunption of no struct:ural 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 for Further Studies 

A major limitation of this study is that the model is unable to 

predict unemployment. This li.mitation 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 inconsistencies in the data. Finally: 

the model is a. small scale model because of budget limitations. It 

appea1~s tha.t no test of serial correlation is available involving a 

small sample with lagged endogenous variable and a simultaneous system 

at the same time. 

Construction of a quarterly model is recommended 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 monetary sector for the •raiwan economy is stro::1gly 

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. 



A SELECTED BIBLIOGRAPHY 

1. Bailey, Martin J. National ~~ and the Price ~: A Study_· in 
Macro-Ec~ic ~-heory. New York: McGraw-Hill Book Co., 1971. 

2. Baumol, W. J. Economic !2_ynamics_. 3rd Ed. Toronto: Collier­
MacMillan Canada, Ltd., 1970. 

3. Behrman, Jere R. "Econometric Modeling of National Income 
Determination in Latin An1erica, with Special Reference to 
the Chilian Experience." ~1als_ of_ Economic_ ~~d Socia:!:_ 
M~~ment, Vol. 4 (1975), pp. 461-484. 

4. Brown; T. M. "A Forecast Determination of National Product, 
Employment, and Price Level in Canada, From an Econometric 
Model." Studies in Inco0~ and Wealth,, Vol. 28 (1964), 
pp. 59-96. 

5. The Central Bank of China. The Central Bank of China Annual -- ---- --- - ---- -----
Report~. Taipei: 'rhe Central Bank of China, 1974. 

6. Chang, Ko-Wie. Economi<?_ Develorment ,;t.n 1'aiwa~ (Chinese Edition). 
Taipei, Taiwan: Chun-Chung Book Co., 1970. 

7. ChJ:~~~ Handbook ~-1970. Taipei, Taiwan: China Publishing Co., 
1971. 

8. China Yearbook 1975. Taipei, Taiwan: China Publishing Co., 1976. 

9. Chisholm, Roger K. and Gilbert R. Whitaker, Jr. E::ore~g_ 

Methods. Homewood, Illinois: Richard D. Irwin, Inc., 1971. 

10. Chow, Gregory C. "'rests of Equality between S13ts of Coefficients 
in Tv10 Linear Regressions." E_conorl'._etrica, Vol. 28 (3u1y, 
1960), pp. 591-605. 

11. Cooper, Ronald L. "An Econometric Forecasting 11.lodel of the 
Financial Sector of U. S. Households." App1J:ed _§.~mi~s, 
Vol. 5 (1973), pp. 101-117. 

12. Christ, Carl :F'. E~onornetrL<?.. ~ ~nd ~ods. New York: 
_v 

John 
Wiley & Sons, Inc., 1966. 

13. Del Rio, lL Beltran. "A Macroeconometric Forecasting Model for 
Mexico: Specification a.nd Simulation." {Unpublished Ph.D. 
d.isse.:r.tat.ion, Univ,"!rs:Lty of Pennsylvania, 1973.) 

113 



114 

14. Dernburg, Thomas F. and Judith D. Dernburg. Macroeconomic 
Analysis: An Introduction to Comparative Statics ~!1d Dynamics. 
New York: Addison-Wesley Publishing Co., Inc., 1969. 

15. 

16. 

17. 

Directorate-General of Budget, Accounting and Statistics, 
of China. National Income s:'..! the Republic of China. 
Taiwan: Executive Yuan, 1973. 

Directorate-General of Budget, Accounting and Statistics, 
of China. National Income of the Republic of Chi~. 
Taiwan: Executive Yuan, 1975. 

Directorate-General of Budget, Accounting and Statistics, 
of China. National Income of the Republic of China. 
Taiwan: Executive Yuan, 1977. 

Republic 
Taipei, 

Republic 
Taipei, 

Republic 
Taipei, 

18. Draper, Norman and Harry Smith. Applied Regression Analysis. 
New York: John Wiley & Sons, Inc., 1966. 

19. Dutta, M. Econ~metric Methods. Cincinnati, Ohio: South-Western '-i_ 
Publishing Co., 1975. 

20. Economic Research Department of the Central Bank of China. Taiwan 
Financial Statistics Monthly. Taipei, Taiwan: The Central 
Bank of China, 1975. 

21. Economic Research Department of the 
Financial Statistics Monthly. 
Bank of China, 1976. 

Central Bank of China. Taiwan 
Taipei, Taiwan: The Central 

22. Evans, Michael K. An Econom~tric Model of the ~rench Economy: A 
Short-Term Forecasting Model. Paris: O.E.C.D., 1969. 

23. Fair, Ray C. "An Evaluation of a Short-run Forecasting Model." 
International Economic_Review, Vol. 15 (June, 1974), pp. 285-
303. 

24. Friedman, Milton. ~Theory of the Consumption Function. Princeton, 
N.J.: Princeton, 1957. 

25. 

26. 

Friedman, Milton. A Theoretical 
NBER Occasional Paper 112. 
Economic Research, 1971. 

Framework For Monetary Analysi~. 
New York: National Bureau of 

Friend, Irwin 
Model." 
(Aug., 

a.nd Paul Taubman. "Forecasting with an 
'rhe Review of Economics and Statistics, 

1964), pp. 229-236. 

Econometric 
Vol. 46 

27. Goldberger, Arthur S. Econometric Theorv. New York: John Wiley 
& Sons, Inc., 1964. 

28. Granger, W. J. and P. Newbold. 
0f Econc)mic Forecasts. " 
pp. 35-47. 

"Some Corruuents on the Evaluation 
Applied Eco~!lic~, Vol. 5 (1973), 



115 

29. Heien, Dale M. "Structural Stability and the Estimation of 
International Import Price Elasticities." Kyklos, Vol. 21, 
fasc. 4, (1968), pp. 695-711. ----

30. Hester, Donald D. "A Macro-Simulation Program and Monte Carlo 
Sample Generator User's Manual." Mimeo. Wisconsin: Data 
and Computation Center, Social Systems Research Institute, 
the University of Wisconsin, 1969. 

31. Hooper, John W. and Arnold Zellner. "'I'he Error of Forecast for 
Multivariate Regression Models." Econometrica, Vol. 29 
(Oct., 1961), pp. 544-554. 

32. Howrey, Philip E., L. R. Klein and M. D. McCarthy. "Notes on 
Testing the Predictive Performance of Econometric Models." 
International Economic Review, Vol. 15 (June, 1974), pp. 366-
383. 

33. International Monetary Fund. International Financial Statistics. 
Washington D.C., 1952-1976. 

34. Johnston, J. Econometric Methods. 1st Ed. New York: McGraw------
Hill, Inc., 1963. 

35. Econometric Methods. 2nd Ed. New York: McGraw-
Hill, Inc., 1972. 

36. Jorgensonr Dale W. "The Theory of Investment Beha7icr." Robert 
Ferber (ed.) , Determinants of Iny_~~tment Beh~vior. New York: 
National Bureau of Economic Research {1967)t pp. 129-155. 

37. .Jorgenson, Dale W. "Econometric Studies of Investment Behv.vior: 
A Survey." Journ~'tl of Economic Literature, Vol. 9, No. 4 
(Dec., 1971), pp. 1111-1147. 

38. Klein, Lawrence R. ~c:;onomic _!"luctuations .in the United States 
.!_~21-1941. New York; John Wiley & Sons, Inc., 1950. 

39. Klein, L. R. and Y. Shinkai. "An Econometric Model of Japan, 1930-
59." .Internation:~!.. _§_conomic Rev.~-' Vol. 4 (Jan., 1963), 
pp. 1-28. 

' "/· .. / 40. YJitenta, Jan. E~ements ~~Econometrics. New York: The MacMillan y" 

Co., 1971. 

41. Kogiku, K. C. Ar~ IntEo~.uc~m t~ ~acro:::_con~ic Mode1:_~_. New York: 
McGraw-Hill, J.nc., 1968. 

42. Kuh, Edwin and lhchard L. Schmalensee. An _Inti::_c;?duction t<?._ ~:?E.lie~ 

Macr£_~~C?T:':?E:_ic~. Ne'11 York: American Elsevier Pliblishing Co., 
Inc., 1973. 

43. Leamer, Edward E. and Robert M. 
EconomJ.cs. Boston~ ,~~l.1yn 

Stern. 51u~!~:!:J.:.:tatiye In:~-~_:r::na ti£:?:~--!: .. 
and Bacon, Inc., 1970. 



116 

44. Liew, C. K. "Computer Algorithm: A Computer Program for Dynamic 
Multipliers." Eco:nometrica, Vol. 4 (Nov., 1973), p. 1207. 

45. Livesey, D. A. "Optimising Short-Term Economic Policy." Economic 
Journal, Vol. 81 (Sept., 1971), pp. 525-546. 

46. McCulloch, Huston J. Money and Inflation: A Monetarist AEJ?roach. 
New York: Academic Press, 1975. 

47. Moroney, J. R. and J. M. Mason. "The Dynamic Impacts of Autonomous 
Expenditures and the Monetary Base on Aggregate Income." 
Money, Credit, and Banking, Vol. 3 (Nov., 1971), pp. 793-811. 

4B. Muench, T., A. Rolnick, N. Wallace and W. Weiler. "Test for 
Structural Change and Prediction Intervals for the Reduced 
Forms of Two Structural Models of the U.S.: The FRB-MIT and 
Michigan Quarterly Models." Annals of_ Economic and Social_ 
Measurement, Vol. 3 (1974), pp. 491-519. 

49. Nerlove, Marc. "A Tabular Survey of Macro-Econometric Models." 
International Economic Review, Vol. 7 (May, 1966), pp. 127-
175. 

50. Norton, w. E. "Forecasting with a Macroeconomic Model: An 
Introduction." Economic J?:ec~, Vol. 48 (Mar., 1972), pp. 
116-122. 

51. Oklahoma State University Agricultural Experiment Station. A 
~ser' i;;_ Guide to the Econometric Analysis System (EAS). 

Research Report P-729. Stillwater, Oklahoma: Oklahoma State 
University, 1975. 

52. Organization for Economic Cooperation and Development (O.E.C.D.). 
!echniq_ues ?f Econom~c Forecasting. Paris: O.E.C.D., 1965. 

53. 

54. 

Ott, David J., Attiat F. Ott and Jang H. Yoo. M~~<;_conomic 

_:I'heory. New York: McGraw-Hill Book Company, 1975. tndyck, Robert S. and Daniel L. Rubinfeld. ~ono~et:dc. ~r::lE:.. .] 
and Econ'.:lmic Forecasts. New York: McGraw-Hill Book Company, 
1976. 

55. Rowan, D. C. and Thomas Mayer. Inter~diat~ ~oeconomics_: 

9_~ut_, ~Inflation, and Growth. New York: W. W. Norton &. 

Co., Inc., 1972. 

56. Scheid.ell, John M. and Georqe Tsoublekas. "A Hc..croeconometric 
Model of Greece: 1955-1970." A1nerican Statistical 

57. 

~:oso.~t._:?:.on, Proceedings of L"ie Business and Economic 
Statistics Section (l.974), pp. 561-567. 

S2aks, Terry Gilpin. "An Econometric Model of I'aiwa.n, 1952-1972." 
(Unpublished Ph.D. di.sse:ctat:i.on, Duke University, .197 2,) 



117 

58. Simon, Herbert A. "Causal Ordering and Identifiability." Studies 
in Econometric Method, Cowles Foundation Monograph 14 (1953), 
pp. 49-74. 

59. Steckler, Herman 0. Economic Forecasting. New York: Praeger 
Publishers, 1970. 

60. Suits, Daniel B. "Forecasting and Analysis with an Econometric 
Model." American Economic Re_yiew, Vol. 70 (Mar., 1962), 
pp. 104-132. 

61. Theil, H. Applied Economic Forecasting. Chicago: Rand McNally, 
1966. 

62. Principles of Econometrics. New York: Wiley, 1971. 

63. 'l'odaro, Michael P. Developmen_!- Planning: Models a.nc.!_ Methods. 
London: Oxford University Press, 1971. 

64. Tsour, I. Lang. "Estimates of a Dynamic Demand for Money Model 
with Distributed Lags and Autoregressive Erro!'.'s. 11 (Unpublish­
ed Ph.D. dissertation, Oklahoma State University, 1972.) 

65. U. N. Economic Conunission for Asia and the Far East. Sectoral 
~spects of Long-Term Economic _Proiectio~~ wit!!_ §12.£cial 
!'-eference to Asi~ and the Far East. Bangkok: U. N. Economic 
Commission for Asia and the Far East, 1967. 

66. U. s. Bureau of Census. Statistical Abstract of the United St.ates. --------" --... --- ---- ---
Washington: U. S. Goverrunent Printing Office, 1975. 

67. Valentine, Lloyd M. ~iness Cycles an~ Fo~<;:~tin~. Cinc.irrna.ti, 
Ohio: South-Western Publishing Co., 1974. 

,;,/ ~ 
68. Vartia, Pentti L. I. ~!.:. Ec:onome_tric Mode!_ fo:i:_ ~a~1zi~.1. an~ 

69. 

Forecasting. ~hort-Term Fluctuation~~:::. the F~nnisl:!:_ Econ0.1:1X_. 
Helsinki: ·rhe Research Institute of the Finnish Economy, 
1974. 

Wonnacott, Ronald J. and Thomas H. Wonnacott. 
'lork: John Wiley & Sons, Inc., 1969. 

Econometrics. New 

70. Yu, Tjong-Sh.i.an. "The Approaches to Study Taiwan's Current Price 
Problem." ~he Jo~_!lal of_ .rnternation~l:. Trade (Chinese 
Edition), Vol. 18 (Dec., 1973), pp. 8-11. 



APPENDIXES A 



119 

This appendix contains a detailed account of the data sources and 

methods used in deriving the time series for this study. 

Data Sources 

(A) Directorate-General of the Budget, Accounting and Statistics, 

Executive Yuan, Republic of China: National Income of the 

Republic of China, 1976. 

(B) Directorate-General of the Budget, l-iccounting and Statistics, 

Executive Yuan, Republic of China: National Income of the 

Republic of China, 1973. 

(C) Economic Research Department of the Central Bank of China, 

Republic of China: Taiwan Financial Statistics Monthly, 

February, 1976. 

(D) 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 increa.se 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 increas("! 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 (A), 

pages 120-123. 'rhe data for 1976 are derived from (A), page 119. The 

total gross domestic investment of 1976 is appropriated by the ratio of 
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the last three-year average of Ip to Ig. The data for T (taxes) for the 

period 1958-1975 are from (A), pages 110-111; and those for the period 

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 net 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 def.lator 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: K=K 
-1 

+ I - D, assuming that K_1 = real net private domestic capital stock on 

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

beginning with 1951, i.e., K1950 == O) (see Reference (12), p. 581). 
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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), Vol. 30(3), March, 1977, page 100. 

The data for R (the interest rate) are taken from (D): 

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

for 1953-1957, Vol. 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-period call 

loan rate is used for the interest rate. 'rhe data for INFL (rate of in-

flation) are derived by the definition: lOO(Py - Py_1 )/Py_1 • Note tha.t 

this is an actual rate. Theoretically, an anticipated rate should be 

used; however, such a rate is not available for this study. 'l'he 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, 

TB (trade balance, defined as X - M), and Y are plotted against Time; 

(b) Ip, Ig, and I are plotted against Time; (c) Y, D, T, Tr, and Yd are 

plotted against Time, and (d) JNFL 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, Oklahoma State University, 

Stillwater, Oklahoma. 
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79.0700JOO ~0.6?.'t762'1 

31,. 27lluOUO 79.45a;;a~2 

82.17()0'.JOO 83.7045150 
b4. 6'Hl0DOO ijl,.72014~) 

63.0900000 •)Q. 71, 90 45 6 
9 5.t,QUOUJO a 3 • j i 3d 11 3 
90.4300000 :J5 • .!32 1t450 
91.310:)000 u'J. 354<;1,47 
91.t.otsOD'.)JQ 'JS.71J/'i5B 
92. o'IOOJOO 99. d3Jl 7J2 
96.1100'.lOO 100. 613.l 7'>'1 

100.0000:JOO lUO.U'.lOuOJU 
11 o. 5400 000 94.9972061 
13 7 .1400000 !l6 .4955'.>lO 
l92.'o700000 ill.odl015;) 
178.8200000 92. 2260203 
183.lSO:lO:lJ 9'9.27fH15l4 

I NFL 

JNLJEF lt~cll 
23. GB812l 

o. 9520995 
10. 7335491 

9. 0355517 
9. nssat9 
5.5d73'l2o 
1. 9 1t 72 766 

14. :,7 2'1754 
5. 03S294l 
2. 1180406 
4.3ltill57 
5. tl49c26 

O.OOOOUOt:•OO . 
3. Yl4l2~l 
4. 62'i39L2 
7.62J4d33 
5.3d61.302 
4. 4'>53534 
3.4L26163 
5. OlOOOOO 

12. 9006 704 
34. l5'il:;ooq 
3. 63202.21 
4.7l74388 

RR 

UNOEFINEO 
-l .4d'lB l l3 
20. 6471005 
10 .861><,50'1 
6.96;1~423 

8.Bo'•41Sl 
8.8126074 

10.0521234 
3.5270246 

11.1647059 
13. O!l195'i4 

'1.6818843 
8.B850l 74 

14.0000000 
10.60">u749 

cl.!>7J5J7cl 
6.3765167 
7.9l33698 
a.OQ<,6466 
a.sa1JaJ7 
6.Z<;JLlOOO 
o. 33932'16 

-19.359500'i 
9.b6197/'i 
7.2<125612 
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l.00000 
o.o 
a.a 
-l.00000 
o.o 
o.o 
o.o 
0.0 
o.o 

-.6l0000 
t.ooaca 

a.o 
o.o 
o.c 
ll. c 
o.o 
o.c 
o.o 

THIS IS THE- W -~ATRIX--ENOOGENOUS COEFFICIENTS 

o.o 
o.o 

l.Oaoao 
-l.OJJOO 
o.o 
a.a 
o.o 
o.o 
\}.0 

o.o o.o 
-i.oaoao a.a 
-.132000 a.o 

l.00000 -t.oaoaa 
-.1B0000E-Ol 1.000aO 
-.ll5000 0.0 
-.200000E-Ol0.0 
-. l4<.000 o.o 
-. lOOOOaE-atO.O 

TrH S ! S THE W-INVERSE MATRIX 

o.o 
o.o 
o.o 

l.. ooaoa 
o.o 

i.ooaoa 
o.o 
a.a 
o.o 

o.o 
o.o 
o.a 
-i.aoaoo 
o.o 
a.a 
1.ooaaa 

a.a 
a.a 

a.a 
t.aoooa 

o .a 
o.a 
o.o 
0 .a 
a.o 

i.aoooo 
o.o 

o.o 
l.oaooo 

0 .o 
a.a 
o.o 
a.a 
a.o 
o.o 

1.00000 

2.02990 1.2ld24 l.02990 1.02990 1.02990 -l.02990 i.a2990 -1.23824 -l.23824 
1.68336 2.02990 l.63836 l.6BH36 l.68Ul6 -l.68Hl6 1.68836 -2.0299a -2.02990 

0.233542 0.112900 t.28354 o.2ti3542 a.283542 -.283542 a.2s1s42 -.l729oa -.112900 
2.14804 1.31031 Z.14804 2.14804 2.14804 -2.14804 2.14804 -l.31031 -l.31031 

0.3866;Bf-01C.235u55E-Ct0.3d6648E-OlO.l86648E-Ol l.03d66 -.3ab648E-Ol0.38664SE-Ol-.235855E-al-.235855E-01 
0.241025 o.1So6ss o.247025 o.z4102s 0.241025 o.752975 o.z41a2s -.150685 -.150685 
0.42S602E-OtD.26Z057E-Ol0.429602E-aL0.429602E-Ol0.429602E-Ol-.429602E-Ol l.04296 -.262057E-Ol-.262057E-OL 
0.309!18 o.1a3od4 0.309318 a.3ag31a o.309318 -.309318 o.309318 o.etl3l6 -.188684 
0.1503~3 0.917214E-Ota.150l63 O.l503cl C.150363 -.150363 0.150361 -.9172l4E-010.908219 

THIS IS THE- A -MATRIX--COEfflCIENTS OF E~OODENOUS VARIA6LES LAGGED ONE-PERICO 

0.170000 a.a a.a o.o c.o o.o o.a o.o o.o 
o.o o.o o.o o.o o.o o.o a.a a.a o.o 
o.o o.o o.12aooa o.o o.o o.o ().0 o .a o.a 
o.o o.o a.a o.o o.o o.o o.o a.o a.o 
o.a o.c o.o o.o 0.66700a a.o o.o o.o o.o 
o.a o.o o.o o.o a.a 0.519000 a.o o.o a.a 
o. 0 o.o o.o 0 .o o.o a.a a.a a.a o.o 
a.a c.c o.o a.a 0.0 a.a a.a o.o a.a 
o.o o.o o.o o.o o.o a.a a. 0 a.a a.o 

THIS IS THE A• MATRIX -- G-MATRIX • IW-MATRIX 4< :.11-MATRIXI 

O.Jt,50S3 o.o 0.3295<.8 o.o a.o36'1t,ft -.53't5lS o.o a.o o.o 
l).28702l o.c a.SZ.0276 o.o 1.12614 -.87b2i:.O o.o a .o a.a 
a.4d2021E-010.C 0.410713 c.o 0.1S9ll2 -. t47l~a a.o o.a o.a 
0.365161 o.c l).C.31174 a.a 1.43211, -l. ll463 o.o o.o o.a 
0.6573ClE-02C.C O. lll 12 7E-010. 0 o.1;n1a'.l - • .2001> lOE-Ota.a o.o o.o 
a.i,l'l942E-Jl0.0 o. 7<Jat,79E-010.o 0.16<.766 a. 390794 a. a a.a a.a 
O. D0322E-a20. C 0.137473E-alO.O 0.2Bt>S44E-Ol-.222963;-a10.o a.a o.o 
0.5258'olE-Ola.O O.$o98l6E-a1a.a O.lOC:.H:. -.lt:.0~:\36 a.o o.o o.o 
a.255bl7E-01J.a J.lt3llb2E-OlO.a O.l002<;z -. 760l84E-Ola.o o.o o.u 
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THlS IS THE- 6 -MATRIX--EXOGENOJS VARlABLES 

0.0 a.o a .u a.a o.o 
o.o o. 0 l.OOOCO a.a o.o 
-.125000 o.o o. () 0.0 o.o 
a.a a.a a.a l.aoooo l.Ooaao 
o.o l .05100 a.a o.o o.a 
a.a 0. c o.o o.o o.o 
o.o o.o o.o a.a a.a 
a.a o.c a.a a.a o.o 
o.o o.o o.o o.o a.a 

THlS IS THE e• MATRIX -- O-M&ta1x • IW-HATRlX • Wl-HATRIX) 

-.126738 L.08242 1.23624 L.02990 &.02990 
-.211a45 L.77447 2.02990 t.68836 t.6du36 
-.160~43 0.298002 a.!72960 0.28354Z 0.281542 
-.26S5C5 2.25759 l.3la3l 2.14B04 2.14804 
-.483Jl0c-02 1.09163 0.235555E-al0.38664SE-010.1U66~dE-01 
-.30S781E-al~.259623 0.150685 0.241025 a.247025 
-.5370o2E-02a.45i5llE-al0.2o2057E-at0.4296a2e-a10.429ca2e-01 
-.38cc48E-ala.32so93 o.1us604 o.309318 o.309318 
-.187954E-010.15803l a.917214E-ata.l50363 C.LSOlol 

THIS IS THE- C -MATRIX--COEfflCIENTS OF EXOGENOUS VARIABLES LACCEO ONE-PER100 

o.o o.o a.o o.o o.o 
a.a 0. (J a.a a.a o.o 
a.a o.c 0.1) a.o o.o 
o.a o.o a.o a.a a.a 
o.o o.o a.a a.a a.a 
o.o o. c o.o a.a o.o 
a.a o.o a.a a.o o.o 
o. 0 o.c a.a a.a a.o 
a.a o.c o.o a.o o.o 

TkIS IS THE C• MATRIX -- 0-HATRIX • (W-HATRlX • Wl-KATRlXI 

a.a a.a a.o a.a o.o 
o.o o.o o.o a.a a.a 
o.o o.c a.a o.o o.o 
a.a a.a o.o o.o a.a 
a.a o.o a.o o.o a.a 
o.o o.c a.o o.o a.a 
o.a o.o a.a a.a a.a 
a.a o.o a.a a.a a.a 
a.a o.c o. 0 o. {) a.a I-' 

w 
I-' 



xxx OINA~IC TOTAL MULTIPLIER xxx 

R AG TR 
c -o. 21003 4.63619 1.61452 
YD -o. H741 6.30026 2. 4669'-
IP -0.2 74% 1.55 7'H o. 36278 
v -0.1,67t,5 0.0257d i.a<..a<ld 
!G -0.02527 3.5B'l91 0.10102 

11 -0.111 n l.'HtiBt, 0.41,b82 
\J -O.OC<;.35 0.16051 o.o:nn 
T -O.Oo13L 1.15571 o. 2b912 
SB -0.03272 0.56180 O.l30d2 

c x 
1.46694 
l.991372 
0.1,9362 
2 .5429 l 
0.13145 
0.60797 
o .osouo 
0.36bl.S 
o.11soo 

1.46894 
1.99672 
0.49362 
2.54291 
0.13745 
0.60797 
0.05086 
O.lbblil 
0.17800 

I-' 
w 
t--.J 



INTERIM ~ULTlPLlERS FOR THE EFFECTS OF THE EXOGENOUS VARIABLE R 

c YD IP y IG 11 
TOTAL - .2 701J - .3b ,,. -.21'.i> - • 4614 -.2527E-Ol -.1 llil 
LAG 

• 0 -.l2t11 - .2110 -.1604 -.2665 -.4B33E-02 -. 30iHlE-Ol 
l -. 84l2E-Ol ··.I oz o -.6d41E-Ol -.tZ'H -.5560E-02 -.3095E-OL 

2 -. 3rlEJ 7E-Ol -.4'.lluE-01 -. 2tl&dE-Ol -. 5l2'•E-OL -.t.6JlE-02 -.2l'J&E-Ol 
3 - • 143 l E -0 l -.U62E-Ol -.113:-lf.-ill -.L&O<>E-Ol - • 33 13E- 02 -.132 1.E-Ol 
4 -. J'l02E-02 -. 24 lOi:-02 -. 4020E-02 -.306DE-02 -.230JE-02 -.7226E-02 
5 -.)')ltBE-03 0. 440'•E-03 -.l212E-02 O. 51.0JE-03 -. L~JUE-02 -.3bat>E-02 
b O. JdJt.E-03 0.13d•JE-03 - • 26 3'1 E-03 0.9400E-O 3 -. lOOJE-02 -.!605E-02 ., O. 3~0'1E-03 O. H92E-03 -. t40'·E-01- 0.5333E-03 -.b5'l6E-03 -.875lE-03 
s O.l209E-03 J. LU8dE-03 O. l3 71E-O't O. l31J4E-Ol -.43 gE-03 -. 'd a:, E-Ol 
9 -.19'HE-04 -.ca34E-Ot. -.6733E-05 -.84'.UE-Ot,. -.2933E-Ol -.2372E-03 

10 -.i!37lE-04 -.131UE-Ol -. 242dE-04 -.167{;E-Ol -. L9d<•E-O:J. -.142'-oE-03 
11 -.972~2-0'. -.136.lE-03 -.3062E-04 -. l 731E-03 -.1356E-03 -.9382E-04 
12 -.ll6&C.E-Ot,. -.11 501:-03 -.2'1llE-04 -.l463E-03 -.9 309 E--04 -.b55l E-04 
13 -.od'de-04 - .dd02E-04 -. 2410E-04 -.1120E-03 -.&'tlCE-o:. -.4(•80 E-04 
!'. -.5053[-04 - .63 77 E-04 -. l842E-04 -. 81 l JE-04 -.4422E-04 -.J366E-04 
15 -. 35iJ9E-04 -.(,.;. 76E-O; -.1341 E-04 -.5b94E-04 -.3052E-04 -.2402E-04 
lo -.zt.93E-J4 - • 3v5 7E-·04 -. 9'• 76E-05 -. 392 7E-Ot,. -. 2l06E-04 -.l&'ldE-04 
17 -.11!2E-Q!, -.21 l lE-04 -.65 7d E-05 '- .2ba&E-04 -. l:.53E-04 -. ll 9J E·-04 
18 -.11701:-'lt,. -.144CE-04 -.452'>£-05 -.ld32E-0'• -.1002 E-04 -.<128.-,E-OS 
19 -. 798<,E-05 -.932UE-05 -.309dE-o5 -. ll~OE-04 -.69luE-05 -. 5 lldE-05 
20 -.54'.i6E-05 -.6ll9C:-OS - • 2 l 2'JC-05 -.U541E-05 -.4763E-05 -. Ylt..LE-O 5 
21 -. 3 /Jt,E-05 -.4C.C4E-O, -. l4'>2E-05 -. 5d5!JE-05 -.32d2E-05 -.2 7 29 E-0 5 
22 -.2 564E-JS -.HctE-05 -. <19'l'·E-Ob -.!,022E-OS -. 226lE-05 -. lB 79E-05 
23 -.lfo?E-05 -.2li4E-05 -. 6!J36 E-C& -.2766E-05 -.l55aE-05 -.1293£-05 
2'~ -.l213E-O'l - • l',CJIE-05 -. 'oJOlE-Ob -. l•Jo·,E-05 -.lOJ;t;-o:; -.B'i02 E-Ot. 
.25 -.8351E-06 -. lO J lE-00. -. 3216E-06 -.l3l2E-05 -.73'1UE-06 -.012·ii:-06 
26 -. 5 7 54E-06 -.7l06E-Ob -.222'-IE-Oo - • 9'140 E-0 6 -. 50'17E-06 -.42.!l E-Ob 
21 -.396<.>E-06 - .'<d9 7E-06 -.153oE-Ob -.62HE-06 -. 3H2E-Ob -.290/E-06 
28 -.273.lE-06 -.33 7~E-06 -.105oE-06 -.429<,E-06 -.242VE-06 -.2003E-Ob 
29 -.1884E-06 - .2l26E-OI. -.12<JJE-07 -.2960E-06 -.l667E-Ob -. l3o J E-0 c. 
30 -.12'13 E-Ob -.l:..03E-Oo -.5026E-07 -.2040E-06 -. l!4'1E-Ob -.950&E-07 
3i -. ll'Jt,l,E-07 -. llu5E-06 -. 346t,. E-07 -.1406E-06 -.79l5E-07 -.655JE-O 1 
32 -.6lc.5E-07 -.lblJE·-07 -. 238 lE- 07 -. 91.!Jl,E-O 1 -. 545<,E-07 -.4513 E-07 
.B -.4248E-07 -.524bf-07 -. la45E-07 - • .1.674E-O1 -. 3758t:-07 -. 3llOE-07 
34 -. 292JE-07 -. 3<.l'>E-07 -. ll33E-07 -. 459'1E-07 -.2S!l9E-07 -.2l43E-07 
3~· -.2017£-07 -. 24')uE-o 7 -. 780'JE-08 -.316%-07 -. l784E-07 -.l471E-07 
3b -. l 390E-O l -.1716E-07 -.53dlE-08 -.2ltl1E-07 -.1229£-07 -. lOLTE-07 
31 - • 9 5 75E-06 -.ll32E-07 -. 370/E-Ou -.1504E-07 -. tl4 70 E-Od -. 7010 E-08 
38 -.6597£-0d -.;;l.41E-06 -.2555C:-06 -. t036E-07 -. salt.E-oa -.r.ll30E-08 
39 -. <. 5t,.6E-Od -.Sc>lH-08 -.1760E-Otl -.7141E-O!l -.4021 E-oa -.332t1E-Otl 
40 -.ll32E-06 -.l.i63E-06 -. l213E-0d -.4n1e-oa -.l771E-Oll -.22•n e-oa 

v T 
-.9 34~ E--02 -.6731E-Ol 

-.5370E-02 -.3866E-Ot 
-.25Yl>E-02 -. l869t:-Ol 
-.l0.25E-02 -.7379E-02 
-.32l2E-03 -.2313£-02 
-.bl32E-Or. -.r.'.15E-03 
O.ll21E-04 0.6068£-0t,. 
O. l 8<JOE-Ot,. O. l354E-03 
O.l0&7E-Ot,. 0.1& 1'JE-04 
0.2168E-05 O.l99JE-04 
-.l68SE-05 -.12l5E-04 
-.3353E-05 -.24l'•E-04 
-.3463(-05 -.2493E-Ot, 
-.292SE-05 -. 2106E-04 
-.2240 E-05 -.lbl3E-Ot,. 
-.l62"JE-05 -.ll65E-04 
-.l 139E-05 -. 8200E-05 
-.1055 E-0& -.505'.>E-05 
-.5372E-06 -. 3368E-05 
- • 31>1>5 E-06 -. 2639E- 05 
-.2501£-06 -.1801E-05 
-.lHOE-Ob -.1231E-05 
-.1112E-O<. -.8435E-06 
-. 804'• E-07 -. 5792E-0f> 
-. 5532E-07 -.39tl)E-06 
-.JOOoE-07 -.2142E-06 
-.2b2'·E-07 -. lOS<;E-06 
- • l 8 OB E-01 -. l302E-Oo 
-.l2'•6 E-07 - • 89 72 E-07 
-.OS<l'IE-08 -. 616'·E-07 
-.5919 E-Od -. r.262 E-07 
-.407'JE-06 -.2931£-07 
-.28llE-08 -.2024E-07 
-. l 93 7 E-Od -.Ll95E-07 
-.l33SE-O!l -.nu e-oa 
-.9l97E-09 -. 6622E-08 
-.6337 E-09 -.4563E-Oo 
-.4366E-09 -.314r.E-08 
- • 3008 E-09 -.2l6bE-Od 
-.2073E-09 -. l'.9 3 e-oa 
-. l42i!E-O'il -.l026E-06 
-.9a1rt e-10 -. 708<.E-09 

SB 
-.3272E-Ol 

-.llldOE-01 
-.90J&E-02 
-.3587£-02 
-.ll24E-02 
-. 2L46E-03 
O. 3922E-04 
0.65aOE-04 
o. 373.lE-04 
0.968 7E-05 
-.590dE-05 
-.ll HE-04 
-.l212E-04 
-. L024E-Ot,. 
- • 7B39E-05 
-.5679E-05 
-. 3986C:-05 
-.214'1E-OS 
-.1ad1lE-OS 
-. 1283E-05 
-.8753E-06 
-. 59d4E-OI. 
-.l,lOUE-06 
-.2tll5E-Ob 
-. 193 6E-06 
-.1333E-Ob 
-.9lil3E-07 
-. 632SE-07 
- • r. 36 2E-O 7 
-.JOOoE-07 
-.2072E-07 
-.l42oE-07 
- • 9ll3 9E-08 
-.b7i!OE-08 
-,4672E-08 
-.321%-08 
-.22lllE-Od 
-. 152 a;;-os 
-. lOS3E-08 
-. 7255E-09 
-.4999£-09 
- • l4"4E- 09 

1--' 
w 
w 



INTERlM liULTlPLlfRS FOR THE EFFECTS OF THE EXOGENOUS VARlA8LE AG 

c Yu IP y IG M 
TOTAL 4. 63b b.3J8 l. s.s ti B.OZb 3.590 l .V 19 
lAG 

() 1. OdZ 1. 714 0.298') 2 • .!5d 1.()92 0. 2 5% 
l 1. oa 1 1. 4 74 0.342d 1. 8 75 0.7bl9 0.3503 
2 0.8221:1 1. <)t, 1 0.2ll55 l. 332 0.5321 o. 3350 
3 0.51:45 C.6~61 o.2oa1 O.U851 o. 310'i 0.2151 
... 0.31Uil 0 ~ :..5.J6 0.1423 o. 5 733 o. 25 71 o. 2 090 
5 0.2402 o .. zt;;).y 0.9431E-Ol 0.3694 0. 1785 0.1510 
6 0.1559 O. lbd6 0.6LB6E-Ol o. 2'>00 0.12l'· 0.1060 
7 0.1023 0.1241 O.'<Ot.lE-01 o. l 5b 1 o.astsE-01 0. 7318t:-Ol 
8 a. bill Oc-OL O. <lH2E-Ol 0.269/E-Ol 0.1057 o .58 70E-OL 0.50l4E-Ol 
9 0. 4 S'l l E- 0 l 0.5629E-Ol o. lilOtiE-01 O. H61E-Ol 0.40',4E-01 o.H26E-01 

LO O. 3L27E-Ol 0.3o.,,7E-Ol O. l225E-Ol 0.4iVi5E-Ol 0.2786£-01 0.2JltlE-Ol 
ll 0.2l45E-Ol. 0'.2&45E-Ol o.a3&2E-02 0.33&SE-Ol O.l'll'iE-Ol 0.1602E-Ol 
12 1).ltd6E-Ol o.1a2~E-01 0. 5740E-02 0.232lE-Ol 0.132 lE-01 O.lO'ldE-Ol 
13 0.102CE-Ol O.lZ&OE-01 O.l·JSJE-02 O. l603E-Ol 0.9103E-02 o. 754.-.E-02 
14 O. 7042E-02 C.d703E-02 O. 2 726E-02 0. I. L07E-O 1 O.t.21lE-02 0.5ld9E-02 
l:; 0 .'t863E-02 0.6CllOE-02 0.1862E-02 o. 76'.l,E-02 o. 'd20E- OZ Q.3572E-Ol 
16 0.3l57E-02 J.4l43E-02 O. t29<JE-02 0.52HE-02 0.2917E-02 0.24&lE-02 
17 0.2316E-02 O. 2il6 !E-Ol O. 896CE-03 O. l640E-02 0.2051E-02 O.l6%E-02 
lil O.l59/E-J2 O.i9DE-02 O.otaOE-03 0.251JE-02 0.14l3E-02 o. l l<.9E-02 
19 C.llUlE-02 0.1360E-02 0.426LE-03 O.l 1lOE-02 O.'l/31E-03 0.8055E-03 
20 0.75d6E-03 o.~lo-JE-03 0.29HE-Ol 0.1192E-02 O.b109E-03 0.5551E-03 
21 o. 522"/E-J) 0.6455E-Ol 0.2024E-03 O.S213E-U3 0.4623E-03 O. 3BL',E-OJ 
22 0. 36u2E-03 o. 444E-03 O. l395E-03 0. Si,j<JE-0 3 0.3la5E-03 0.26J6E-03 
21' 0.24olE-Ol .-;. 30o4E··J3 O.\liiC'IE-04 0.3J'ViE-03 0. 2 l 'l 5 E - O 3 O.lall>E-01 
24 C.l710E-03 O.ll t lE-OJ O.o62'lE-O<, 0.21.>81'..E-03 O.l~llE-03 O. l252E-03 
25 0.1178E-03 O. 1'.5 ~E- 03 0.4561E-04 o. L t15lE-03 O.l042E-03 O.d6Z4 E-04 
26 0.8ll6E-04 O. l.)OZE-03 O.Jl43E-04 0.1275E-03 o. 7L 79£-Qt, o. 5942 E-04 
n ·o.s5<J2E-o4 0.6905E-04 0.2l65E-04 o. 8 786t-04 0.4'141E-04 0.409H-04 
28 0.3d53E-04 J.475d~-04 O. l'.92 E- 04 0.6053E-04 o. 31,ouE-04 0.2Bll E-04 
29 0.265SE-04 0.32TdE-04 O. lOBE-04 0.41 HE-04 Q.2H9E-04 0.194'·E-04 
30 O.ld29E-04 O. 22 S'IE-04 0.70b3E-05 0.2d 74E-04 O.Ll.18(-04 O. l3NE-04 
31 0.12&0E-04 0. bScE-04 O. 4<l8GE-05 O. l 9BOE-04 O. 11 L ~E-04 0.922BE-05 
32 o. aca4E-o5 0.10 72E-04 O.l361E-OS O. l364E-04 o. 7662E-05 O. 63)'/E-O~ 
33 o. 5ga4::-os o. 73i>'IE-O'.> O. 2:H 7 E-05 0.9401E-05 0.5~93E-05 0.438LE-05 
31, 0.4l23E-05 0. 5.J9lE-05 0.1S96E-05 0.6478E-05 O. 36i,7E-05 O. 30L'IE-05 
35 0.2841E-05 0.350dE-05 0. ll 00 E-05 0.4463E-05 O. 25 L 3E-O'.;i 0.20dOE-05 
36 O. l'.i57E-05 0.241 7E-05 O. 7579E-Ob 0.3u7:>E-05 O. l 7 H E-05 0.14ll E-05 
H O.l34'1E-O:i O.lo65F.-05 0.52.22f-06 O. 2ll9E-05 Q. U93E-O~ o. 9u 75E-·06 
33 0.92'.l3E-06 O.ll4SE-05 0.35'ldE-O& O.t460E-05 o.a221e-oo O.b804E-06 
39 O.b403E-06 0. 7907E-06 O. 21, 7'JE- Ob a. ioovE-05 O. 5<>61,E-06 O.'<l.il&E-06 
40 0.4H2E-06 Q.541,UE-06 O.l708E-06 0.693lE-06 0.3V03E-06 0.3ZlOE-06 

v r 
0.1605 1- l 56 

0.451 SE-01 0.3251 
0.3149E-Ol 0. 2700 
0.261,4E-Ol 0.1918 
0. LI 7 l E-0 l 0.1275 
O .114 7 E-0 l O. 8255E-Ol 
O. BtlilE-02 O. 5 3 20E-01 
O.'oSOOE-02 o. 3456£-0i 
o. 316 3£-02 0.2217E-Ol 
0.2ll5E-02 O. l523E- Ol 
0.1432 E-02 0.103LE-Ol 
0.9 79·JE-03 0.7049E-02 
0.673 lE-03 o. 494<.E-02 
0.'<642 E-03 0. J1''2E-02 
0.320&E-03 O. 230dE-02 
0 .2214 E-0 l 0.15'J4E-02 
0.152'1 E-03 O.llOlE-02 
0.1055E-03 O. 759'1E-Ol 
0.728UE-04 0.5241E-03 
0.5019(-04 0.3ot4E-Ol 
o. ).:,59E-04 O. 249 LE-03 
0.238" E-:Jl, O. l 116E-03 
O. l6'-3E-04 O.lloH-03 
0.1132E-04 O.BL4BE-04 
0.179/E-05 O. 561-YE-O'o 
0. 53 72E-05 O. 3866E-04 
0.3 IUiE-05 O. 26&5E- 04 
0.2550E-05 0.183&E-04 
0.1757E-05 0.1265E-04 
O.l21LE-OS 0.8717E-05 
O.dH2E-06 0.60U6E-O':i 
0.5748E-06 0.4138E-05 
O.l'l60 E-Ob 0.2851E-OS 
0.2 729E-06 0.1%5E-05 
O.lSdOE-06 O. l354E-05 
O.l29:;E-Ot. 0.932t1E-06 
0.6926E-07 O. 6427E-C6 
0.6151lE-07 O.i,i,2SE-06 
0.4238E-01 O. 3051 E-06 
0.2920E-07 O. 2102E- 06 
0.2012 E-07 O.l449E-Ob 
O. ll86E-07 0.991HE-OJ 

SB 
O.St>li:I 

o. 158 0 
0.13t2 
0.9324E-Ol 
O. 620UE-01 
0.401..IE-Ol 
O.ZSd&E-01 
0.!6BOE-Ol 
O.ll07E-Ol 
O. 7',02E-02 
0.50L3E-02 
0.3426E-02 
0.2356E-02 
O.l&25E-02 
0.1L22E-02 
O. 175 LE-03 
0. 535 ZE-0 3 
O. 3694E-Ol 
0.2548E-03 
0.1757E-03 
0.121 lE-03 
O. 6344E-04 
o. 5749E-04 
o. 3'lott:-o.:, 
0.2729E-04 
O.l880E-Ot, 
0.129SE-04 
O.d926E-05 
O. 61 SOE-05 
0.423 lE-05 
0.2920E-05 
O. 2012E-05 
O. l3S6E-05 
0.9551E-06 
O. 1>58 LE-06 
0.4534E-Ob 
O. 3124E-06 
O. 2153E- 06 
O.l483E-06 
0.1022E-06 
O. 70i,2E-07 
0.4852E-07 

f-' 
w ,.,,. 



[NTERIH MULTIPLIERS FOR JHE EFFECTS OF THE EXOGENOUS VARIABLE TR 

c YO IP y IG H 
TOTAL 1.815 2.469 o. 362tl 1.869 O. llllO 0.4468 
LAG 

0 l .BB 2.030 0.173.J 1. 310 O. 235<JE-Ol O.l507 
l 0.4200 0.)t,]t, o. 1130 0.436') 0.2JS9E-Ol o.12a4 
2 0.12~7 0.956lE-Ol O. 5222E- Ol o. l 216 O.l793E-Ol o.av65E-Ol 
l O.lllilE-01 O.l496E-Ol 0.1922E-Ol O.l904E-Ol 0.12 lOE-01 O. 4'.05E-Ol 
4 O. ZOOJE-02 -.5410E-02 o. 524 lE-02 -.6ilcBE-02 o .soo:JE-02 0.2207E-Ol 
5 -.H2TE-02 -.6d32E-02 o. 5301,e-01 -.ac:.ne-02 o. 52 33E-02 O. l04H-Ol 
0 -. 31 HE-02 -.40 79 E-02 -.5154E-03 -.5l9uE-02 0.3l97E-02 O. 482'1E-02 
7 -.l501E-02 -. l5USE-02 -.4311 E-Ol -. 2011E-02 O.Z230E-02 I). 2 214 E-0 2 
8 -.H40E-,:n -.1457E-03 -.1624E-Ol -. l!l54E-Ol 0.14il4E-02 O.ll511E-OZ 
9 0.22 75E-Ol 0.46dclE-Ol 0.26 71..E-0'• o. 5'll.5E-O l o.1oooe-02 O.b 701 E-03 

10 O. 4 l64E-03 0.61'11E-Ol O. l l25E-ul O. 7877E-03 O. 6ill 4 E-Ol O .4 30'. E-0 3 
lL 0.411,bE-03 0 .• 5i>36E-O.i 0.1307E-Ol O. 7l 70E-03 0.46 74E-Ol Q.JlOOE-03 
12 O. 3415E-03 o. t,..Y '>4E-Ol O. l l64E-03 0.565H-03 0 .3.U:>E-03 0.2259E-03 
13 0.2566E-03 o. 12s6;;-01 O. 9193E-Ot. 0.4142E-Ol o.2222e-01 O.l649E-03 
14 0.1 t134E-03 O.Z2'HE-ul 0.67tl9E-04 0.2•H5c-Ol O. t5JSE-03 O.ll91E-Ol 
15 O.l21"E-03 0.157aE-C3 O. 4d2l E-04 0.2')01E-Ol O.lObOE-03 0.1148.,E-04 
16 0 .ll 721lE-O't ll.1J7"E-03 o. 33,JE- C4 O. l36'JE-Ol o. 7ll4E-04 0.5980E-04 
17 0.5944E-04 0. 7312E-04 0.2300E-04 0.9303E-04 0.5046E-04 0.4l13E-04 
la 0.404~E-O~ O. 4<; 74E-04 0.15 7lE-04 O. 632•JE-04 O.l4tlOE-04 0.2894 E-04 
19 0.2757E-04 O.B•DE-04 0.1013E-04 0.431 IE-O't O. 23 'l'lE-04 0.199tlE-Ot, 
20 o. l aese-o,. 0.212lE-04 O. 7HOE-05 0.2953E-04 O. l65JE-04 0.1377E-04 
21 O. l2'i2E-04 0~1~92£-J4 O. 5020E-05 0. 202c.E-04 O. l l 39E-0't 0.947H-05 
22 O.ilBUE-05 u. lJ'l'·E-04 a. 34t.4E-05 O. l392:E-04 0. 784dE-OS O.o5lt1E-05 
23 O.blOjE-05 o. H BE-05 0.2367E-OS 0.95134E-05 0.540TE-05 O.i,4<J5E-05 
24 0.4203E-05 O.Sl<;OC:-05 0. l b2'JE- 05 C. 61.0lE-05 O.H25E-OS 0.30tllE-05 
25 0.289c.E-05 0.3577E-JS O.ll22E-05 0.4ss.ii:-os o. 25<> 1E-05 O. 2121.E-05 
26 0.19%E-OS 0.241>5E-05 O. 7131 E-06 0.313/E-05 0.1 T6UE-05 0.1464E-05 
27 0.137t.E-J5 O. l6'>9E-05 0.5l2BE-C6 0.216.!E-05 O. lll!lE-05 O.LOOdE-05 
28 O. 94d5e-Ob O. ll ll E-05 O. 36 72 E-U6 O.l49JE-05 O. tl39~E-Ob 0.6'l'.1E-06 
29 O. 65 HE--06 O.ll073E-C6 0.2531E-Ob O. lOVE-O:i 0.571JSE-06 0.47tll E-06 
30 0.4505E-C6 0.55t:dE-06 O. l H;E-06 O. 70 rnE-06 O. l'lill>E-06 O. 329BE-06 
H 0.3l04E-Ot. O.ldl4E-OC:. O.l20~E-Ot. 0.41177E-OI> O.Z746E-06 0.2213E-06 
32 I). 2 l 3'lE-Oc> O. 26.r...2E-Ob o. il28.!E- 0 7 0.31blE-Oo 0.11192 E-Ob O.l566E-06 
33 0.14 74E-OI. O.ld20E-Oo o.5701E-07 0.23l6E-06 0.1304E-06 O. l 0 BE-Ob 
34 O. l Olt.E-06 0.1254E-06 0.3932 E-07 O.l596E-Oo 0 .tllld4 E-07 0. 7 4 35E-01 
35 0.6'l'JdE-07 1l.01>41E-07 O. 2 llJE-07 O.l09'1E-06 0.6190E-07 o. 5 l23E-07 
31. 0.482 lE-07 0.5'154E-01 0.1il67E-07 0. 7575E-07 0.4265E-07 O. 3530E-07 
17 0. 3322E-07 0.4102E-O l o. l2doE-07 0.5219E-07 0.2939E-07 0.24l2E-07 
38 0.2289E-01 ll.2i327E-07 O. 886lE-08 O.l~'.lbE-07 0.2025F.-07 0.1671>E-07 
39 O. l 577E-07 0.1?48E-07 0.6107E-Oil o. 2't 1ae-o1 O. tl9'l>E-07 O.USSE-07 
40 o.1oa 1e-01 O. l342E-07 o. 420dE-08 o.1101e-01 0.9ollE-011 0.7951E-08 

v r 
0.3 736 E-01 0.2691 

d.262lE-Ol 0.1887 
0.6737E-02 O. 629lE-Ol 
0.24llE-02 O.l 752E-Ol 
O. H07E-Ol 0.27'.lE-02 
-.1371E-03 -.9'H2E-Ol 
-.1 HdE-Ol -.12s2e-02 
-.1038E-Ol -. H HE-Ol 
-.'903'.E-04 - • 2904E- 03 
-.370dE-05 -.2b70E-04 
0.1193E-04 0.8589E-O't 
0.1515E-04 O. l 134E-03 
0.1434E-04 O. lOHE-03 
O.llllE-04 0.014lE-04 
0 .s2a1, E-05 0. 5961, E-04 
o. 5il2<JE-05 0.419/E-04 
O.'o014E-05 o. za~oe-01, 
0.2137E-05 0.19 llE-04 
0.1861E-05 O. l HOE-04 
O.l26bE-05 0.9l13E-05 
0.8633E-C6 0.6216E-05 
O. 5901.E-06 O. 42 52E- CS 
O.t.-051E-v6 0 • .2917E-05 
0.2 /ll5E-06 0.1005E-05 
0.1917E-06 O. llllOE- 05 
O.ll20E-06 0.9501! E-Ob 
0.9101E-Ol o. 655 JE:-06 
0.6273E-01 0.4517E-Ob 
0.4324 E-07 O.lllJE-06 
0.2 'lll l E-07 0.2146E-Ob 
0.2054E-07 0.1479E-06 
0.14l<>E-07 0.10l9E-Ot. 
0.9 lSSE-06 o. 702 lE- 07 
O.b722E-06 0.4il40E-07 
0.463lE-08 O. 333H-07 
0.31'llE-06 0.229tlE-07 
0.2199 E-08 O.l583E-07 
o.1s1se-011 0.1091E-07 
O.lO't4E-08 0. 7516E- 08 
0.7l92E-09 0.511ilE-Od 
0.4956E-09 a. 3568E-08 
O.H~SE-09 o.z.r.s11e-oa 

SB 
0. llO a 

0.9l72E-Ol 
0.105 t!E-01 
O.BSlSE-02 
O.l33lE-02 
-. t,8 l Bc-03 
- .6084E-Ol 
-. 3633E-03 
-.1412E-03 
-.129t1E-04 
0.4175E-04 
0.5514E-Oit 
0.5019E-04 
o. 3957E-04 
0.209'.IE-O't 
0.2040E-O'e 
O. 1405E-04 
O.'lSdOE-05 
0.65l2E-05 
O. 4430E-05 
0.3022E-05 
O. 206 7E-05 
0.1416E-05 
0.9'47E-06 
O. 670'1E-06 
0.4622E-06 
O. lldSE-06 
O. 2l96E-06 
O. l514E-06 
O.l043E-06 
O. H~OE-07 
0.4955E-07 
O. l414E-07 
O.Z353E-07 
O.lt.HE-01 
O. lll 7E-07 
O. 1696E-08 
0.5302E-08 
O.lt.53E-08 
0.2517E-08 
O. l134E-08 
O.ll95E-08 

I-' 
w 
U1 



INiER!M MULTIPL(ERS FOR THE EFFECTS OF THE EXOGENOUS VARIABLE G 

c YO IP '( IG M 
TO f AL 1. '•b9 1.999 0.493b 2.543 o. t:H:> 0 .bOBO 
LAG 

a 1. 030 1- :.dd 0.2835 2. l t,l) 0 .-3d66E-Ol 0.2410 
l 0. :HJ4 o. 2.l';d 0.131l o • .1510 0.32llt:-Ol o. l 68& 
2 0.95o lE-Jl Q.l>iOO.E-Ol 0.54llE-OL 0.111:.dE-O l 0.22tilE-Ol 0. 9&42 E-01 
3 o.11,9oE-Ol -.2lLJE-C2 0.16'lbE-Ol -.2o95C:-OZ 0.15l7E-Ql 0.'197lE-Ol 
4 -.S410E-J2 - .130 1, S-0 I 0.3231JE-G2 -.165'lE-Ol 0.9dl'IE-02 0.2J90E-Ol 
5 -.68JZ~-02 -.%92E-02 -.5911.E-Jl -.12 HE-Ol O.t.327E-02 O.lO<JSIE-01 
6 -.4C79E-02 -.t,7tl4E-02 -. 9927E-O:> -.608(;<:-02 0.4ll LE-02 0.5003E-02 
1 -.lSoSE-02 -.1462E-02 -.563.!E-03 -. l 86QE-O.! 0.2708E-02 0.2383E-02 
8 -.l457E-03 0. 2 02 9E-::l3 -.l461E-03 0.25<llE-03 O.l8llE-02 O. l266E-02 
9 0.468dE-03 o. ao·nE-01 O. 8<Jl3E-04 o. l 02-;E-02 0.1221E-02 O. 77'>6E-03 

10 O.l>l'llE-ll3 o.ad'.JE-03 O.l"f7JE-03 O.ll25E-02 0.838JE-03 0.5319E-03 
ll 0. S636E-03 o_ 75DE-03 0.182&E-03 0.95S9E-Ol 0.576i,E-03 0.38&0E-03 
12 0.4 1,.'oi,E-ul o. 51,1:.I0-·03 O. l545E-03 O. 727uE-03 o. 3975E-03 0.2839E-03 
l3 o. 3256E-03 0.4u9•JE-J3 0.11B3E-03 O. 521SE-03 0.2145E-03 0.2073E-03 
14 0.2291E-03 O. 2dt,.JE-03 0. d56dE-0'• 0.)624E-Ol O.l!l'i&E-03 O.l493E-03 
15 0.157dE-03 0.1943£-Ql 0.60l3C-04 0.24 lJE-Ol o. l 30'JE-03 O.LOl.OE-03 
1 l. O. l 0 76E-03 0.132:.E-03 0.4lt,.7E-J4 O. loB'•E-03 0.9031E-04 0.7431[-04 
l7 o.ntze-oi. O.d'lB9:0-04 O. 283 7E-04 O.lllo'tE-Ol U.b2 34E-04 0. H 75 E-04 
ta 0.49 l4E-Oi, 0.6117E-04 O.l93::iE-04 O. 778ZE-04 0.42'ltlE-04 0.35BlE-Oi, 
19 O. >3'.i3E-Oi,, 0.4l76E-Ot, O. lJZOE-04 O.SJLJE-04 0 .2'l62 E-O; 0.246'H0-04 
2u 0.2 lZIE-04 0.2d6.)E-04 O. 90~3E-O:> O. 363JE-04 J.20'-l E-04 0. 1 7 00 E --0 it 
21 O. l5'JZE-Ot,. 0. l % JE-04 0.6i86E-05 a. 2'"lJE-04 O.l401E-04 O.lllOE-04 
22 O. IO'Y4E-0<. 0.135,)t-04 0. 424 7 E-0:> O. l HdE-04 0.969lE-05 O.t1046 E-05 
23 u.75HE-05 o.<;299E-05 o. 292 lE- o5 O.llBJE-0°' 0. 61> 77E-05 0.5536E-05 
24 O.St<;OE-05 O. c4 OdE-05 0.20llE-05 O.Bl53E-05 0.4600E-05 0.38llE-05 
25 0.357E-05 o.:.41 n-os 0.13~5E-OS O. 562'.lE-o:> O. 3L lUE-05 0.2&.!<,E-05 
2b 0.24&5E-05 0. 3cl'.5E-05 0.9~46E-Ob O. 3814E-05 o.21e 1.E-05 O. I il07 E-05 
27 O. lt.9SE-O'.> o.20-;9E-05 O.&Sb,JE-0& O. 2 b 70 E-0 5 0. l 505E-05 o.1245c-o5 
28 O.llllc-05 O. lt.4 7E-05 O. 4535E-C6 0.1341E-u5 O.l031E-05 0. 8 5 19 E -0 b 
29 o.aonE-01,, 0.99 70E-06 0. 3 l 2&c-O& O. l26d0:-US 0.7!43£-06 a. S'l llE-0& 
30 0.5563E-06 0.63 7'.lE-Ob 0.2l54E-06 O.dl.;tE-Ob 0 ·'•9 22 E-06 0.4073E-06 
31 0.383<,E-Jt. 0.4734E-06 o. lt,!lt,E- 06 0.602!E-06 o. 33\llE-06 0.2807E-06 
32 0.2642E-O& 0. 32c2E-06 O. l02lE-Oi> 0.4150E-06 0.2B7E-06 O. l934E-Oo 
33 0.1320E-06 O. 22 4JE-06 o. 704dE-07 0.2360E-Ob O.lblOE-06 0.13 33 E-06 
34 0.125:.E-06 0.1549E-o:. 0.4BS6E-07 O.l97JE-Ob O.llu'iE-06 O. 9182E-07 
35 0.864lE-07 O.l067E-Oo o. 134& E-07 O. lJ5c3E-06 O. 7644E-07 O.b327E-07 
36 a. 595<,E-OJ O. 7352E-O 1 0.23C5E-07 O. 935t,.E-O 1 0.52&7E-07 0.43 59 E-0 7 
37 0.4102£-07 o.su6<.E-o-1 O. l513'lE·-07 O. 6445E-O 1 O. 3u29E-07 O. 3004E-07 
:::a 0~2827E-07 O. 3'.90E-07 0. l 0'J5 E-07 0.4441 E-07 0 .2500 E-07 0.2070E-07 
39 O.i.94tiE-07 O.HO:.E-07 o. 754lE-08 O. 306JE-07 O.l 72iE-07 0.1421>E-O 7 
40 O.l342E-.:J7 0 .10S 7E-07 0.5196E-06 0.210i!E-07 o.11a 1e-01 Q.9825E-Oll 

v T 
0.50BbE-Ol o. 3bb2 

O. 4296E-Ol 0.3093 
O. 7020 E-02 O.S05t,E-Ol 
O.l553E-02 C.lll9E-Ol 
-.5390E-04 -. 3BB1E-03 
-.lll<IE-03 -.2Hl9E-02 
-.24obE-03 -.l770E-02 
-.1217E-Q3 -.8-lb4E-03 
-.3720E-04 -.26 lBE-03 
O.Slb3E-OS O. 3 ll. 7E- 04 
0 .20'>9 E-04 0.1482E-03 
0.2250E-04 O.l620E-Ol 
0 .l912E-0t,. O.llHE-03 
0.1454 E-Ot, O.lOt,JE-03 
O. l 043 E-04 0. 7509E-04 
0.12t,7E-05 O. 5218E-04 
0.495 7 E-05 o. 3569 E-04 
0.336iiE· OS O. 242 5E- 04 
0.22tl1E-05 0.1641E-04 
O. 1556 E-05 O.ll21E-OL, 
O. l0b2E-05 0.7650E-05 
0. 7276E-06 0.5239E-05 
0.49'J5E-06 a. JS91E-05 
0. 3 "36 £- 06 O. 2t, 74E- 05 
0.23t>6E-06 O.l704E-05 
0.1&31E-06 O.ll74E-C5 
a. ll 24 E-Oc. a. Cl09ZE-06 
0.714BE-Of O. 55 7d E-Oo 
0.534lE-07 0.3845E-06 
O.JbdlE-07 0.2650E-06 
0.2531E-07 0.182/E-Oo 
0.174BE-C7 O" l25'JE-O& 
0.1205 E-07 0.8673E-07 
0.8300E-Oa O. S'HbE-07 
0 .5 7l'l E-08 0.4l l6E-07 
0.39t, l E-Oa 0.2837E-07 
O. 2 715E-08 O. t955E-07 
o.1an E-0<1 0.1347E-07 
0.12 !l'lE-08 0.92tllE-08 
O.B68lE-09 O.o395E-Ca 
o.c.12oe-09 o.440oE-os 
0.4217E-09 0.303oE-Otl 

sa 
0.1780 

o. 1504 
0. 24 5 7E-O 1 
o. 543 7E-02 
-. liJBbE-03 
-.116 IE-02 
-. 86321:-03 
- • 4260E-03 
-.1302E-03 
0.1S07E-04 
O. 7206E-04 
0. 78 ?OE-Olt 
o. 66'llE-04 
0.5089E-Olt 
0.3b50E-04 
o. 253 IE-04 
O.l735E-04 
O. 11 79E-04 
0.8005E-05 
0. 544 aE-05 
O. 3 H 9E-05 
0.254 7E-05 
0.174.dE-05 
0. 1203E-05 
0.82<32£-0b 
O. 570 7E-06 
O. 3'13'.E-06 
0.2112E-06 
Q.1869E-Ob 
0. 128 aE-06 
o.aa19e-01 
O.bll'lE-07 
0 .42l6(-01 
0.290~E-07 

o. 2002E-07 
O.l379E-07 
0.9503E-08 
0.654SE-08 
0.45l2E-08 
0.3109E-08 
o.2142E-oa 
0.147bE-Otl 

I-' 
w 
O'I 



INTERIH MULTIPLIER$ FOR THE EFFECTS OF THE EXOGENOUS VAR[AfiLE x 

c YO IP y IC 1'I v r SB 
TOTAL l. 469 1.999 0.4936 2.543 o. 13 7 5 0.6080 0.50ilc> E-01 o. :,662 0. 1780 
LAG 

0 l. 030 1.bB8 0.2835 2. 11, e O. 3u6t.E-Ol o. 2 4 70 0.429/>E-Ol 0.3093 0. 150 4 
l 0.3434 0.275') 0.1371 0.3510 0.3211E-Ol Q.1636 0.7020E-02 0.5054E-Ol 0.2<.57E-OL 
2 0.95&1E-Ol O.bi05E-01 o.s.-.11::-01 o. n&aE-01 O.UlH E-01 0.9642 E-0 ! 0.15~3E-02 O.lll9E-Ol 0.5437E-02 
3 0.14%E-Ol -.21lUE-02 0. l69l.E-Ol -.26S5E-02 0.15 l 7E-Jl 0.4973E-Ol -.SJ'IOE-04 -.3881E-03 -. l68&E-03 
4 -.54!0E-02 -.13J 1.E-Ol O. 32 38 E-02 -.1659E-Ol O.\ldl9E-02 0.2390E-01 -. 33LJE-03 - • 2 389 E- 02 -.!lolE-02 
5 - • b 8 J 2E-U2 -.91.>'i2E-02 -. !>-1 lbE-03 -.12JlE-Ol o.;,32 7E-02 O. lO'lilE-01 -.2466 E-03 -.117&E-02 - • 81;3 2E-O 3 
b -.4079E-02 -.<. 7tl4E-02 -.')92fE-03 -.6080E-02 0.41 llE-02 o. 5003E-02 -.1217E-03 -. 8764E-03 -. 4260E-03 
7 -. l 585E-OZ -. l462E-02 - • 5t>32 E-Ol -.lB&OE-02 0.270oE-02 0.23d3E-02 -.31'20E-04 -.267UE-03 -. l302E-OJ 
ll -.t457E-03 0.202'>E-03 -.141.!E-03 O. 25lllE-O 3 O. liJllE-02 0.1266E-02 0.5l6H-05 0. 3 71 7 E-04 0.180 7E-04 
9 0.468tiE-03 0.~092E-03 0.8913E-04 0. ! 02'1E-02 0.1227E-02 o. 775t.E-03 0.2059E-04 O. l482E-03 O. 7206E-O'o 

10 0.6lglE-03 O.d.i43E-03 O.l770E-Ol 0.1125E-02 O.tHillE-03 0.53l'H-03 0.2250E-04 O. lo20E-03 0. 7816E-04 
l!. 0.5636E-03 O. 75 l 3E-03 0.132BE-03 O. 9559E-Ol 0. 57t.4E-OJ O. l<l&OE-03 0.19l2E-04 0.1377E-03 0.669LE-04 
12 Q.4t,4t,f-03 o.5714E-03 o. J.545E-03 0.7270E-03 0.39/SE-03 0.28 39E-03 o. i454E-04 0.1047E-03 o.soactE-o.:. 
ll O.J256E-Ol 0. ;J99E-03 O. ll83E-<H 0.5215E-03 0.2745E-01 0.2073E-03 O.L043 E-04 0. 7509 E-04 0.3650E-O't 
H 0.229lE-03 J.2d48E-03 o. B5&ilE-04 0.3624E-03 o. !891>E-OJ O. l493E-03 0.7247E-05 0.52ldE-04 0.2537E-O'o 
15 0. l 5 7 dE- 0 3 O. l'l4oE-03 O. lOUE-04 0. 2 4 7ti E-0 3 O.l309E-03 0.10&0 E-03 0.495 7E-05 O. 3569E- 04 O. l 735E-04 
16 O.lOlt.E-03 u. l.l24E-J3 O. 4l 4 IE- 04 O. loB'.E-03 o. 903 7E-04 0. 74l7E-J4 C:.l368 E-05 0.2425E-04 O.ll79E-04 
17 o. 7312i'-0'• o • .i<>a ,;;-o<. 0. 2tl 31 E-04 O. l 144E-03 0.&2 34E-04 O. 5 l 75E-04 0.228/E-05 O. lo4!E-04 0.80.0SE-05 
liJ 0.4'>HE-04 0.6!17E-04 O. l 'BS E-04 o. 77dlE-04 0.4298E-J'> 0.3581 E-04 0.!55i>E-05 0.112 lE-04 0. 544dE-05 
19 0.3393E-04 0 .41. HE-0<. O. IJ20E-04 O. 531JE-04 o. 29b2E-04 o. 2469E-04 O.l062E-05 O. 7o5U E-05 0.3119E-05 
20 0.232LE-04 0.2U60E-04 0.902~E-o-; 0.3638E-04 0.2041E-04 O. llOOE-04 O. 7 2 71.E-06 0.523'lE-05 O. 254 7E-05 
21 0. 1 5'l2E-04 O.l'io3E-04 0. &1 86E- O:> 0.2498E-04 O. l 407E-04 O. ll 70E-04 0.49'1~ E-Ji. 0 .359 lt-05 0.174UE-05 
22 0. l O'l'• E-O<o u.135JE-04 0.4247E-05 O.llldE-04 0.%9LE-05 O. !lO 4bE-05 0.3436E-06 0.24 74E-05 O.l203E-05 
23 O. 7533E-OS o. 929'JE-05 0.292lE-05 o.11aH-0 1, 0 .&b 77E-Q5 0.55l6E-05 o. 2 3&t.E-06 O. l 70'<E- 05 0.6262E-06 
2<t O.Sl'lOE-OS J.6t,J~E-05 0.2Ul!E-05 O.dl!dE-05 0.4&00E-05 0.3811 E-05 O.l63lE-06 0 .11 74 E- 05 0.5707E-06 
25 0.3577E-05 Q.<.t,L7E-05 O. 1 3 IVi E - 05 D.5b2JE-05 0.3!70t-05 0.2&2<,E-05 O.ll24E-06 O.JO<JZE:-06 O. Fd4E-06 
Zo O. 2 46 5E-05 0. 30.; :)E-05 O. 'l54&E-06 0.3314E-05 o .2l o4E-05 0.1801E-05 0. 7 74U E- 01 0.557bE-06 0.2712£-06 
27 O.l6'l9E-05 0.20'<9E-05 O. 6 5JJE- C6 0.2670E-05 0.150'..>E-05 O. l24SE-05 0.5341 E-07 0.3845E-O& 0.18&.JE-06 
2d O. ll 71 E-05 U. [4.:, lE·-05 0.4535E-O& O.ld4lE-05 O.l037E-05 0.857JE-06 0.36dlE-07 0.2650£-06 0. l238E-06 
29 0. 00 13E-06 0.1'17CE-C6 0.312oE-Ot. O.l2bdE-OS o. 714lE-06 0.591lE-06 0 .2537E-O1 O. l821E-06 O. 887<;E-07 
30 0.55<>3E-06 0.6:1 ?Ot-Oo 0. 215 1.E-06 O.d741E-06 O. "9l2E-06 0.4013E-06 O.l 748E-07 O. l259E-06 0.1>119E-07 
3l 0.3BJ4E-06 0.:. T34E-o;, O.l4l:lt,E-Ot. 0.602H-06 0.339l(-QC, 0.2807E-06 0.1205E-07 O.B673E-07 0.4216E-07 
32 0.2 642E-06 0.32<>2E-·06 O. !DZJE-06 0. 1tl50E-06 0.2Ll 7E-O& 0.193'.E-06 o.a Joo E-ua 0.597<.E-07 0.2'l05E-07 
33 O.l82uE-06 0 .a;JE-0£. 0.704tlE-Ol 0.2860E-Oo O.l&lOE-06 O. l333E-06 O. 5 719E-OO 0. 411eE-0 7 0. 200 2E-O 7 
34 0.1254E-Oo O.l54'1E-06 0.485oE-07 O.l'i70E-06 O.ll09E-06 0.9 l82E-O 7 0.3941E-Oll 0.2837E-C7 0.1379E-07 
35 0.8&41E-07 O.lJ1>lE-J6 O. 334oE- 07 0.135<lE-06 o. 7i..44E-07 0.6327E-07 o.z n s e-oa 0.1955E-07 O. 950 3E-O 8 
36 O. S954E-07 O. 7352E-Ol 0.2305E·-07 0.9)54E-07 O. 520 7£-07 C.4359E-07 O. lbHE-00 O. l347E-07 0.6548E-08 
37 0.4102E-07 O. 5066E-07 O. lSO'JE-07 0.6445E-07 0.3629E-07 0.300'- E-07 O.·l2a9E-OS 0.9281E-08 O. 4512E-08 
38 0.2827E-07 0. 3'.'IOE-07 O. l095E-07 0.4441E-07 o.2500E-01 0.2070E-07 o.aaa1e-o" O.t.>395E-08 O • .H09E-08 
39 O.l'l48E-07 0.2405E-07 0.7541E-OS 0.3060E-01 O.l723E-07 O. l426E-O 1 o.t.120E-09 O. 't406f- OS 0.2l't2E-08 
40 0.1342E-07 O.lc.57E-C7 O. 5190E-Od O. 2106E-07 O. lltllE-07 o.9825 e-os 0.4217E-09 o.Jo3c.e-oa o.t476E-oa 

I-' 
w 
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THIS IS THE- W -MArRlX--ENOOGENOUS COEFFICIENTS 

1.00000 a.a -.t,9t600 o.o o.o o.o o.o o.o -.'>91600 o.o 
o.o 1.00000 o.o o.o o.o o.o o.o o.o o.o -.233300 
o.o o.o 1.00000 o.o 0.0 o.o o.o -.276600 o.o o.o 

o. 0 o.o o.o 1.00000 o.o o.o -.295700 o.o o.o o.o 
o.o o.c o.o o.o 1.00000 o.o o.o o.o o.o o.o 
0.0 o.o () .o o.o o.o 1.00000 o.o o.o 0.0 -~112ocoe-01 

o. 0 -L.00000 o.o o.o o.o o.o l.00000 o.o o.o o.o 
o.o o.o o.o o.o o.o 1.00000 o.o 1.00000 o.o -1.ooooc 
o.o a.Cl l.OCIOCIO o.o o.o o.o o.o -1.00000 1.00000 o.o 
-1. 000<)0 o.o o.o 1.00000 -1.00000 o.o -1.00000 o.o o.o l.00000 
o .o o.o o.o o.o o.o l.00000 -1.00000 o.o o.o o.o 

THIS IS THE If-INVERSE l'AT RIX 

2.3'l046 Q.S792'l9 o.o -i.)9046 1.39046 -l.17515 o. "79299 l.11515 1.17515 l.39046 
0.661343 l.47001 o.o -.66734i.l 0.6673'.S -.328v&a 0.470013 0.32~0:.8 0.328068 0.66 73'>8 
O.I82344 0.551005 1.00000 -. 782.344 0.782344 -.661200 0.551005 0.61>1200 0.334&00 o. 782344 
0.197335 0.434odl o.o O.d02665 0.197335 -.970097E~Ol0.434683 0.970097E-Ol0.910097E-Ol0.197335 
o.o o.c o. o a. o l.00000 o.o o.o 0 .o o.o o.o 
0.320373E-Ol0.22563dE-OlO.O -.320J73E-Ol0.320J13E-Ol0.9d4250 0.22563BE-010.l57495E-010.157495E-Ol0.320373E-Ol 
0.6613'.S l.47001 o.o -.667348 0.66 7348 -.32806d l.47001 0.328068 0.328068 0..667346 

2.d2843 1.99207 a.a -2. 32 8t,3 2.82843 -2.39046 l.99207 2.39046 1.39046 2.82843 
2.04609 1.44106 -1.00QOO -2.04609 2.04609 -1. 72926 1.44104 1. 72926 2.00 586 2.04609 
2.660"1 2.01463 o.o -2.86047 2.860"7 -1.406H 2 .Ol't63 l.40621 1.40621 2.86047 

0.635310 1.44745 o.o -.635310 0.635310 -1.31232 l.44745 0.3l23U o.:un19 0.635310 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

1.00000 

o. 0 
o.o 
0 .o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.c 

1.00000 

I-' 
w 
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HUS IS THE- A -MATRIX--COEfflClENTS Of ENDOGENOUS VAR !ASL.ES UCGEO ONE-PfRIOD 

0.4l0100 0. c o.o o.o c.o a.o o.o 0 .o a.o 
0.0 0.650900 o.c o.o a.a o.o o.o a.o o.o 
o.o o.c o.o o.a o.o o.o o.o 0.261700 o.o 
o .. o o.o o.o o.nstoo a.a a.a o.o o.o o.a 
o.o a.a a.a o.o o.o o.a o.o a.a a.a 
a.a a.o o.o a.a o. 0 0.947200 a.a 0 .o o.o 
Q.() a.a a.a 0. Ci a.a a.a o.a a.a o.a 
c.o a. c a.a o.o o.o a.a o.a a.a o.a 
a.a a.a a.o a.a a.o a.a a.a a.a a.a 
o.o o.c a.a a.a a.a o.o a.a o.o a.a 
o.o o.c o.o o.o o.o o.a o.o o.o o.o 

THIS IS THE A• MATRIX -- 0-MATRIX ~ (W-MATRIX • Wl-HATRIXI 

0.980321> a .637"26 0 .() -1.23631 c. 0 -l. ilHa o.o o.a a.a 
0.27H79 a.S5bd31 Q.a -.61131,3 o.o -.3!074() o.o o.o o.o 
0.~2CilJ9 o. 35d6<,9 o.o -.723747 c.o -.62621:!9 a.a a.2s11ao o.o 
0.8v9269E-Ola.2i12935 o.o a.7425 ... 6 o.o -,')18U15E-Ot0.0 o.o o.a 
a.a o. c a.o o.o o.a o.o o.o o.a o.o 
O.l31365E-Ol0. ! 1.6doaE-OlQ.O -. 2%3 nE-a1 o. a a.<; 3Uil2 o.a o.o 0 .ll 
0.213079 0.954d3l o.o -.417343 o.o -.31a1"6 o.o o.a o.v 

l.159'H l.296o3 o.a -2.01c.sa a.a -2.2642'- o.b o.o o.o 
0.83910l 0.9H9o5 a.o -l.892d4 o. 0 -1. c3 ns a.a -.261700 o.o 
1.1ncs t .3U32 o.o -2.6 ... oH a.a -1. 3319<. o.o o.o o.o 

o.u.csu 0. "4214'9 o.o -. S6772i. o.o -l.2t,,30l o.o o.o o.o 

THIS IS THE- a -MATRlX--eXOGENOUS VARIAHLES 

o.a o.c l). 0 a.a o.o a.o o.o 
a.o o.o o.o o.a a.a o.a a.o 
o.o a.a a.a a.a o.o a.o o. 0 
•1. 0 o.c o.a o.o o.o o.a a.a 
0.35820a o. :ailaoo - • 1'r<l500 o.o .:i.o o.o a.a 
o.o o.a o.o 0.0 o .. o o.o o.o 
o.o a.c o.o l.Oaooo o.o o.o o.o 
a.a o.o o.o a.a -1.aoooa o.o o.o 
o.o o.c o.o o.o a.a -1.00000 o.o 
o.o a.c o.o o.o o.o o.o l.00000 
o.o o.o o.o o.o o. () o.o o.o 

o.o 
a.a 
o.o 
o.a 
o.o 
o.o 
a.a 
o. a 
o.o 
o.o 
o. 0 

c.o 
o.o 
a.a 
o.a 
o.o 
a.a 
a.a 
o. a 
o.o 
o.o 
o.o 

o.o 
-.9S20COE-Ol 
o.o 
a.a 
o.a 
o.a 
a.a 
a.a 
o.o 
o.o 

i.00000 

-.9bll>HE-01 
-.l,,4355 
-.5~i081E-01 
-.<,2b353E-Ol 
o.o 
-.VlS77E-OZ 
-.1""355 
-.195621 
-.1"1512 
-.L97olt. 
0.857S61 

f-' 
.i::. 
0 



1HIS IS THE 69 MATRIX -- 0-MATRIX ~ (W-M~TR!X • WI-MATRIX) 

0.49e062 0.818701 -.206483 0.979299 -1.17515 -l.175L5 1.39046 
0.239044 0.392934 -.9910llE-al0.470013 -.32SJ68 -.328068 0.667346 
0.280236 0.460644 -.116178 0.551005 -.661200 -.384oOa a.782344 
0.706852E-Ol0.ll6l9l -.293042E-010.4346d3 -.970097E-Ol-.970097E-010.197335 
o.3sa200 o.5~oaoo -.14osoo o.o c.o a.o a.a 
O.ll4757E-aLO.l6ti635E-al-.47575lE-020.22563SE-al-.l57495E-Ol-.157495E-al0.320373E-Ol 
0.239044 0.!92934 -.99ta11E-Ol 1.47001 -.328068 -.326068 0.667346 

l.01314 t.66538 -.420022 1.~92a7 -2.39046 -1.39046 2.82843 
C.732909 1.20474 -.303844 l.44106 -l.7~926 -2.0a586 2.04609 

l.02462 l.68424 -.424760 2.0t463 -1.40621 -1.40621 2.86047 
0.2215•8 0.374071 -.943435E-01 l.44745 -.312318 -.312319 0.635310 

THl£ 15 THE- C -MATRIX--COEFFIClENTS OF EXOGENOUS VARIABLES i.ACGEO ONE-PEA.lOO 

o.a a.c 0.0 a.a o.o o.o a.o 
o.o a.a a.a 0.0 a.a a.a o.o 
o.o a.c a.a a.a c.o 0.0 o.o 
0.0 o.o a.o a.o o.o a.a o.o 
o.a o.c o.a 1.70200 a.a o.o o.o 
o.o a.a o.a a.a o.o v.o a.a 
a.a a.a o.o o.o o.o o.o o. 0 
a.a o.c o.o o.o o.o o.o o.o 
o.o o.o o.o o.o c.o 0.0 o.o 
o.o o.o a.o o.o o.o o.a a.a 
a.a o.c o.o o.o o.a a.a o.o 

THIS IS THE C• MATRIX -- 0-HATRlX • CW-MATRIX• WI-MATRIX) 

o.a a.a o.o 2.36656 c.a a.a a.a 
o.o o.c a.o 1.13583 o.o o.o a.o 
o.a a.c o.o l.3Jl5S a.o o.a a.a 
a.o a.a a.a a.B'.>d6l o.o o.o a.a 
a.a a.a o.o 1- 70200 a.o o.o o. 0 
o.a o.c o.a C. 54:i2 HE-Ol C. a o.o o.o 
a.a o.o o.a l. 13563 c. 0 a.a a.o 
a.a o.c o.o 4.lltl•J9 o.o o.o o.o 
o.o o.o a.a 3. 41>244 a.a o.o o.o 
0 .o o.o o.o 4.81>8)2 o.o o.o o.o 
c.o o.o o.o i.oauo o.o I) .o o.o 

STA6lLITV CONOITlON WAS NOT ~er. OVMULT. rs NOT CALCULATED. 

,..... 
iJ:>. ,..... 



HllS IS THE- W -HATRIX--ENDOGENOUS COEPFlC!ENTS 

1.00000 o.c -.487500 a.o 0.0 o.o a.o o.o -.4117500 o.o 
o.o 1.00000 o.o o.o a.a o.o o.o 0.0 o.o -.lb})QQ 

o.o o.o 1.00000 o.o o.o a.o o.o -.361HOO o.o o.o 
o. a u.O u.O l. 00000 o.o o.o ··.391200 0 .o o.o o.o 
o.o o.o a.a o.o 1.00000 o.a o.o o.o o.o a.a 
o.o o.c o.o o.o o.o l.00000 o.o o.o I). 0 -. l28000E-Ol. 
o.o - 1 .ooo.:io o.o o.o o.o o.o 1.00000 o.o o.o o.a 
o.o o.c o.o o.o o.o l. 00000 o.a 1-00000 o.o -1.00000 
o.o o.o 1.00000 o • .:i o.o o.o o.o -1.00000 1.00000 o.o 
-1.00000 a.a o.o l.00000 -1.00000 o.o -1.00000 o.o o.o 1.00000 
o. a a.a o.o o.o o.o l.00000 -1.00000 o.o o.o o.o 

T HlS 15 Ttte w-INVERSE MATRIX 

2.34264 O. H 73<;9' o.o -1.34264 1.34264 -l. l4204 0.8l. 7399 1.14204 1.14204 1. 34264 
O. 7H5i>5 l.4't720 o.o -.73451.5 a. 7345<.. 5 -.358101 0.447203 0.358101 0.35Bl0l o. 734505 

1.01330 O.bl 1l'i9 1.00000 -l.Ol380 l.Ol3d0 -.ilb2325 o. bl 1199 0.362325 0.49.r.225 l.01360 
0.2d7362 o. 5661"6 o.o 0.7l2&3d 0 • .2d73t..2 -.1400<19 0.5601.:.c. 0.140069 0.140089 0.287362 
o.u o.o o.o o.o 1.00000 o.o o.o a .o o.o o.o 
0.357100E-Ol0.2L7402E-Ol0.0 -.357lOOE-Ol0.357lOOE-010.~d2591 0.2l7402E-OlO.i74036E-Ol0.1740~6E-Ol0.357lOOE-Ol 
a.73'.565 l .44/20 o.o -. 7Jlr5<>5 O. 7H!ib5 -.35dl01 1.44720 0.356101 0.356101 0. 73'.505 

2. 754 n l .6 7b 7 2 o.o -2. 75t,13 2.75413 -2.3<.2£.4 1.671>72 2.3421>4 1.3421>4 2.754ll 
1.74034 1. 05952 -1.oooao -1. 7'.034 1.14034 -L.4oOH 1.05952 l. 4<iOH l.648:.l 1. 7403t,. 
2.78984 t.e9S46 o.o -2. 78'id4 2. 71l964 -L .. 31.JOS l.698.C,6 l.3oOOS l.36005 2. 76964 

0.693655 1.'r2Slw6 o.o -.6981;155 0.6 .. Sd55 -1. 34069 l.425lw6 0.3'.0692 0.34069Z 0.69d855 

TttlS lS THE- A -MATRIX--CCEFflClENTS OF ENDOGENOUS VAR.1A8LES LAGGED ONE-PERIOD 

D. 4l600D. 0.0 o.a a.a 0.0 o.o o.o 0.0 o.o o.o 
D.O o. 171100 o.o o.o o.o a.a o.o o.o o.o o.o 
o.o o.o J • .') o.o o. 0 D.O o.o 0 .l8l700 o.o o.o 
o.o o.o a.a 0.<101900 0.() o.o o.o o.a o.o a.a 
0.0 o.c o. 0 o.o o.o o.o o.o o.o o.o o.o 
o.o u.o o.o o.o o. 0 o. 'H9l00 o.o o.o o.o o.o 
D.O o.o D.O o.o o.o a.a o.o o.o a.a o.o 
o.o o.c c. 0 o.o o.u o.o o.o 0 .o o.o o.o 
o.o o.o o.o o.o o.o o. 0 o.o o.o o.o o.o 
o.o o.o o.o 0 .I) o.o o.o o.o o.o o.o o.o 
o.o ll. D o.o o.o o. 0 o.a o.o o.o o.o o.o 

o.o 
o.o 
o.c 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

l.CCOOO 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

1.00000 

o.o 
- • ll~200 
D.O 
o.o 
o.o 
a.o 
o.o 
a.o 
o.o 
o.a 

1.00000 

I-' 
.:::,. 
t'-' 



THIS IS THE A• HATRIX -- 0-MATRlX • CW-MATRIX • ~I-MATRIX) 

O.'i145~d o. 00 fo6 a.a -1.a1666 a.a -1.a491i7 a.a o.o 
a.3055 /9 l.ll6ol a.a -.5a90.:.a o.o -.329.20.2 a.a a.a 
0.421739 a.476292 o.a -.ll 12963 o.o -. 792736 c.o o.1a11ao 
0.1195U a. 1,36095 o.o 0.571464 o.o -.1287d4 o.o o.a 
o.o a.o o.a o.o a.o o.o o.o o.o 
0.14855JE-010.l67769E-010.0 - • .286358E-Ol0.0 Q.9032,96 o.o o.o 
0.305579 1.116$1 o.o -. 58'JJ46 o.o -.329202 o.o o.o 

l.l4572 l .2"1392 o.o -2.2a854 a.a -2. 15 159 o.o o.o 
o. 7239!10 0.1:1 7620 o.o -1.39556 o.o -1.36085 o.o -.161700 
l.l6a57 1.31070 o.o -.2.23717 o.o -l.25a29 o.o o.o 

0.29a7Zto i.10001 .:i.o -.560412 o.o -1. 232SO o.o o.o 

THIS IS THE- 8 -MATRIX--EXOCENOUS VARIABLES 

o.o 0. ll o.o a.a a.a o.a o.o 
0.0 o.o J.J o.o o.o o.o o.o 
o.o o.c o.o o.o o.o o.o o.o 
0.0 o.o a.a o.a o.o o.a a.o 
o. 3tll60a· 0.469000 -.1751ao a.o o.o o.o o.o 
0.0 a.a v.O a.a a.a o.a 0.0 
o.o o.c 0 .a i.oaaoo a.o a.o o.o 
a.a o.c o.o a.o -1.00000 o.a a.o 
o.o iJ. 0 o.o a.o 0.0 -1.oooaa o.o 
a.a o.o o.o o.a o.o o.o l. aoooo 
a.a o.c o. 0 a.a a.o o.a o.o 

THIS IS THE d* MATRIX -- 0-MATRIX • CW-MATRIX * "'l-MATRIXI 

0.515036 a.62'1C.'18 -.235'l02 0.817399 -l.1'·204 -1. l42a4 1. 342:64 
a.281779 0.344511 -.12'1063 a.447203 -.35dl01 -.356101 0.734565 
O.ld88'l2 0.41S4/a -.17Ul24 0.617199 -.862325 -.494225 l.01380 
O. ll0232 a. lH71l -.50't895E-010.56bl46 -.t400d9 -.140089 0.287362 
0.3d360C a.4a'lOOa -.17570a 0.0 a.a a.o a.a 
a .136•)8 l E-010. 16 74ilOE-O L- .1;2 742 4E-020. 2 17 402E-Ol-.114086E-01-. l Haai:.e-01a.3 5 7100E-01 
a.281779 a.344511 -.129063 l.l,472a -.J5ijlQ1 -.3sa1a1 0.734565 

1.05648 l • .2'1169 ~.4d39at l.67672 -2.34264 -l.342b4 2.75413 
Q.667593 o.a1c.21a -.305777 1-05952 -l.480H -1.64d41 1. HOH 

1.07018 l.3ad44 -.490175 l.69d46 -1.36005 -l.36005 2.78984 
0.268081 0.327163 -.1227119 1.42546 -.31.0692 -.:Hat.92 0.6981155 

a.a a.o 
a.a o.o 
o.o a.o 
o.o 0. a 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 
o.o o.o 

-.109695 
-.194215 
- .62 92 SCE-01 
-. 759 l6 7E-Ol 
o. 0 
-.29175.;E-02 
-.194215 
-.225015 
-.142187 
-.227933 
O.SOS703 

f-' 
ii::. 
w 



o.o o.c 
o.o a.a 
o.o o.c 
a.a o.o 
a.o o.c 
o.a a. c 
u.o o.o 
0.0 o.o 
o.o o.c 
o.o o.o 
o.o o.o 

o.o o. c 
o.o o.c 
o.o o.c 
o.o a.c 
o.o o.o 
o.o o.o 
o.o o.o 
o.a o.o 
o.o o.c 
o.o o.o 
o.o o.o 

HUS IS THE- C -HATRIX--COEfflCIENTS Of EXOGENOUS VARIABLES LACCEO ONE-PERIOD 

o.o o.o o.a o.a o.o 
o.o a.o a.o a.a o.a 
a.a o.a o.o a.a o.o 
o.o o.o o.o (). () o.o 
o.o 1-69300 o.o a.a o.a 
o.o o.o o.o o.o o.o 
a.o a.a o.o o.o o.o 
o.o () .o o.o o.o o.o 
o.o o.o o.o a.a o.o 
o.a a.o o.o o.o o.o 
o.o o.o o.o o.o o.o 

THIS IS THE C• MATRIX -- a-MATRIX• (W-MATRIX * Wl-HATRIXI 

o.o 2. 27309 o.o o.o o.o 
o.o 1.2'.362 o.o 0.0 o.o 
o.o 1. 71636 o.o o.o o.o 
o.a 0.48650'. o.o o.o o.o 
o.o l.t.93\lO o.o o.o a.a 
o.o 0.60457ae-a10.a o.o o.o 
o.o l. 24 362 o.o o.o o.o 
o.o 4.66275 o.o o.a o.a 
o.o .Z.94639 o.o o.o o.o 
o.o 4.7.132a o.o o.a o.o 
o.o l.183lb o.o o.o o.o 

STABILITY CONDITION ~AS NOT MET. OVHULT. IS NOT CALCULATED • 

.. , 

I-' 
~ 
~ 



APPENDIX D 

ADDITIONAL EXPERIMENTS WITH REAL MONEY 

SUPPLY EQUATION 

145 
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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) 

- 0.00924552Y_1 - l.791671RR_1 
(0.003) (l.306) 

Solve for RR: 

R.2 = 0. 9771 
s 
d 

22.2339 
1.1700 

RR= 3.025176 + 0.0022201Y - 0.2186863Z - 0.0020218Y_1 

- 0.391814RR_1 

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 a Dependent 

Variable Along With R as One of the 

Independent Variables 

Equation z was obtained: 

Z = 100.9989 + 0.0060933Y - 6.754465R 
(0.001) (2.604) 

+ 5.205114R_1 - 0.0082225Y_1 
(2.095) (0.002) 

+ l.920915z_1 
(0.277) 

-2 
R 0.9925 

s = 12.4083 
d 2.0800 
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This Z equation along with the remaining equations in the system 

was simulated. With this Z equation included, the system was not stable. 

Furthermore, the ex post simulation error for z was tremendously large 

(e.g., the absolute percentage error was 59.76% at the first period and 

was 62041.33% at the fifteenth period. Again, this alternative was not 

satisfactory. 

Third Experiment: Drop R_1 , Y_1 , z_1 , Y_r and 

Lagged Variables One Term at a Time 

From the Complete Formulation in 

the Second Experiment Above 

The following were estimated equations designated as (Al), (A2), 

(A3), (A4), (AS), (A6), and (A7) for dropping R_1 , Y_1 , z 01 , Y_1 and R_1 , 

z_1 and R_1 , z_1 and Y_1 , and dropping all lagged variables, respectively. 

(Alj Z = 119.2633 + 0.00584541Y - 2.963355R 

(A2) Z 

(A3) Z 

(A4) Z 

(0.0018)* (2.4004) 

- 0.0077001Y_1 + l.759556z_1 
(0.0021) (0.3060) 

-41.11124 - 0. 000444063Y 
(0.007) 

l.903473R 
(3. 2667) 

+ 4.171499R_1 + l.566403Z_1 
(2.8837) (0.3666) 

-239.8716 + 0.00628916Y - 5.475944R 
(0.0028)* (3.4809) 

+ l.791365R_1 - 0.00443184Y_1 
(3.6967) (0.0033) 

-18.95841 - 0.000308148Y + 0.923478R 
(0.0007) (2.4750) 

+ 1. 453716z _1 
(0.3757) 

-2 
R 

s 
d 

0.9909 
14.1146 

2.1400 

-2 
R 0.9865 

s == 17.1877 
d 

-2 
R 

1. 3700 

0.9769 
s == 22.5235 
d 1. 0080 

-2 
R 0.9861 

s = 18.0237 
d 1.4800 



148 

(AS) z -222.790S + 0.00619288Y + 6.482SS6R 
-2 

(0.0029)* (2.8088)* R 0.9780 
s = 22.6490 

0.0043S7S4 d 1.0900 
(0.0033) 

(A6) z -286.S30 + 0.00241663Y + 7 .003996R 
-2 

(0.0001)* (3.4384)* R 0.9763 
s - 23.4994 

+ 1. SS3603R _1 d o. 9696 
{3.8S26) 

(A7) z -274.0994 + 0.00238497Y + 8.1S3309R 
-2 
R 0. 9778 

(0.0001)* {2. 6816) * s = 23.4369 
d 1. 0700 

The above seven equations were then added to the system one at a 

time for ex post simulation runs. The system produced very large mean-

absolute-percent errors by including options (Al) , (A2) or (A4) . It was 

924.448S, 1211.3027, and 1333.4473 for the system with options (Al), (A2), 

and (A4), respectively. Although the system yielded relatively small 

mean-absolute-percent errors by including options (A3), (A6), and (A7) 

(16.2169, 16.9012, lS.0863, and 16.S323, respectively), it had incorrect 

signs. It produced two wrong signs by including options (A3) or (A6) in 

the system, and one wrong sign by including options (AS) or (A7). Since 

the results on all seven alternatives were not satisfactory, they were 

eliminated for further consideration. 



APPENDIX E 

DYNAMIC SIMULATION--TAIWAN FORECASTING MODEL 

149 
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'I'he MACROSIM program is used for the dynamic simulation. Five types 

of cards are required for these simulation experiments: the program con­

trol card, the dynamic cards, the endogenous name cards,the structure 

cards, and the initial value cards. On the program control card, a 05 

type (pure dynamic) simulation is specified to allow a dynamic system to 

run unconstrained simulation for 50 time periods with all lagged endogen­

ous variables being appropriately updated. In addition, the control 

parameter 5 is specified as 99 for a nonlinear model. Next, on the dyna­

mic card six lagged endogenous variables are specified. 'I'hey are set to 

be equal to endogenous variables determined simultaneously from an imme­

diately preceding time period. These variables are updated in the same 

sequence as they appear on the dynamic cards. The third type of cards, 

the endogenous name cards, provides names for endogenous variables. The 

fourth type of cards, the structure cards, specifies the structure of 

the model and gives the value of the parameters in each equation. For 

convenience of preparation, a structure matrix is set up as shown in 

Table XXVII. The left-hand side includes 15 endogenous variables. Two 

of these (Z and z3 ) are dummy relations which are necessary in these 

simulations. The right-hand side are 16 exogenous variables including 

a constant, 6 lagged endogenous variables, and a dummy relation (Z2) 

which defines the variable in INFL definition. Besides, in the USER 

subroutine, three FORTRAN statements are added to specify the nonlinear 

or linear transformation relationships. These are: 



(l) (2} (3) (4) 

c ll' T ·n 

(l) c l.O 

(2) l!' 1.0 

(3) T 1.0 

(4) D l.O 

(S) x 

(6) y 

(7) P't' 

(8) a 

(9) I -1.0 . 
(10) I!\FL 

(ll) i::: l.O 

(12) YD l.O l.O 

(l::) 'i -l.O 

(14) z 

(15) Z3 

TABLE XXVII 

THE STRUCTURE MATRIX FOR SIMULATION, 
TAIWAN FORECASTING MODEL 

m (6) (7) (3) (9) (lO) (ll) 

·~ ~ l"! It I Ili'fL I 

18.23567 -18.23567 

l.O 

1.0 

1.0 

1.0 

l.O 

l.O 

-1.0 l.O 

l.O -1.0 

(12) (13) 

'[!) '{ 

-.39SC:?6 

.... 123866 

-.179732 

-.413878 

-.440653 

-.0002238 

1.0 -1.0 

1.0 

(ll) 

z 

l.O 

(n> 
Z3 

l.O 

I-' 
U1 
I-' 



TABLE XXVII (Continued) 

(l G) (17) (18) (lS) (20) (21) (22) (23) (24) (25) __ ... 
c:isr MS PH 'HS/? R!1? IG TR G x CLl 

--------
25'.>4.185 ./.60133 

-~123.921 

-3152.600 

1894.030 

-42441. l,3 181. 7376 

-5657.66 

6.801787 .00017269 .120918 

29.43320 -.0192675 

l.O 

-100 •. 0 

1.0 

1.0 1.0 
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RHS (4) RHS(2)/PRINT(II,7) {l) 

RHS(l6) PRINT(II, 7)/RHS (13) (2) 

RHS (5) 100.*PRINT(II,7)/RHS(3) (3) 

where 

Relation (1) defines z Ms/Py = Ms/P (1) I 

Relation (2) defines z2 Py/P l y-
(2) I 

Relation (3) defines z3 RMP = 100.*Py/Pm ( 3) I 

The fifth type of cards, the injtial value cards, specify the ini-

tial values of the exogenous variables. In this study the 1953's actual 

(historical) values are used for the initial values for the exogenous 

variables and the 1952's actual values are used for the lagged endogen-

ous variables. The results of the simulation runs are given in this 

appendix. 
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The revised MACROSIM is used in the ex post simulation for the 

Taiwan forecasting model. The 1953's actual exogenous values are pro­

vided as the initial values (for the lagged endogenous variables, 1952's 

actual values of endogenous values are provided). In addition, the 

actual series of the exogenous variable values are also provided to 

specify the time paths for the exogenous variables. After 1953, no re­

initialization of endogenous variable values is needed, since the system 

will up-date itself by including the dynamic cards in the program. Actu­

ally, the values for endogenous variables are determined by the simula­

tion solutions. Notice that to produce 21 period forecast values, the 

parameter on column 80 of the problem control card has to be changed to 

3 and the control parameter 4 must be specified as 70 (50 plus 20 new 

RHS cards). In addition, inunediately following the RHS cards, a control 

card with a format of I2 is added to specify the number of actual data 

to be included. Then, it is followed by a series of actual data for all 

endogenous variables with a format of (8Fl0.0). In addition, the MACRO­

SIM is revised to allow both actual and simulated series to be printed 

side by side with all five accuracy measures provided. Furthermore, the 

actual and simulated series are plotted. The results of the ex post 

simulation are given as follows. 
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AdSOLUfE 

OBSt::RVEO VALUE FOR EC AS TED VA LUE RE SIOU.\L PERCENTAGE ERROR 

1. 2bi!2.UCJ 232't .52u 357. 1.7'o 13.H 
2. 2156.0CJ 25<.7. 108 lail .292 6.d3 
3. 2nd .oc-l 2315.117 -27.171 o. <;7 

"· 2d5<3.0CO 3121.332 -263. 332 9.21 
5. 3l21. CCQ 3514.537 -3H.~37 12 .61 
6. 335l .OC1 3'l7.2 .255 -621. 255 ld. 54 
7. 3d';6.C.'.tl 455l .4P,8 -6:>:>.4Gd 16 .a2 
a. 4613.0C~ 5ld2.910 -5ol.9LO 12 .)5 
'l. 51:>3.0C·l 5d35.4J4 -632.484 13 .24 

lC. 5J7l. cm 650d.55'1 -u35.55~ l:> .52 
11. 6715.0CO 1231.66.l -516.6611 7 .6·1 
12. 753b.OCO 79i.'> .0•14 -393. 094 s.zz 
l ~. l'hJd. GCJ 81..57.2 lO -7t,.'l.230 9.1-1 
14. dbi;5.00() 9 .. 91.06!> -1306. 06b 9 .23 
15. Ull :n. OCO 101-55.UN -322.tu9 3. 18 
16. ll 533. oco llHl.437 -130 .:.3 7 l .56 
17. 13 ll4 .o co 131<15. 739 -11. 738 o.ss 
1 a. 15750. CCil l 49<J.2 • l l7 1s·1.se3 4.91 
19. 18273. ilCO 17119.176 1153.G2t,. 6 .31 
20. 21140.0CJ 1966.?.S?O l ~63. 4b:l o.92 
21. 22953.CCO 22033.367 H4.o33 1.37 

res T Cit IT ER IA ftJR EVALUAT l~C HULT I-EOUA.T ION s IMULA TION M.li>ELS. 

~EA~-ABSCLUTE-EkhGF 
Of 

s2o;.t.9ilZ 
IZ 1.1 

lSt:E P INDYCK C HUtlI:"IFtLO .119761 •"ECONOMETRIC MOOE LS AND ECDNOMIC FORECASTS"• PP llb-3111 

~EAN-AeSCL~TE-PEKCtNT EP~OR = 
OF 

8.1't84 
I 21. I 

llBIO., PP 316-3171 

ROCT-MEAN-SOUARE E~aoR • 
OF 

137.'3446 
121.1 

11810., PP 316-3171 

-------------------------------------------------------------------------------------
RCOY-HEAN-SOlARE PE~CE~T ERRJR • 

OF 

. . 

2.0915 
121.1 

11810., PP 316-3171 

-----------------------------------------------------· 
INECUALliV COEfFICIE~T • 

OF 
U. l694 
C 20. I 

ISEE THEIL,Cl'96511 11 ECONuMIC FORECASTS ANO POLICY .. , PP 32-381 

------·--------------------------------------

I 

I-' 
CD 
l.O 
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VARIABLE :~ 

Ali SOL UTE 
OS SE RVEO V ~LUE FORECASTEO VALUE RES IQJ,\l PEi'tCErHAGE ERROR 

l. <JJ49.l):J 52'i9. 766 4 s~c~. 2 Jl .. 46.19 
2. 102Ji. ::cJ o~o'l.~23 3lll .477 36. 10 
3. J70l,CCJ 1133. 162 91.>2. 2J& ll .06 
4. lJ8~l~CCJ '1874 .'t37 ,,/-t6. 562 13. 75 
5. llJl4.0CJ l2bJ4.219 -12<;l).2l'J ll .40 
6. ll5L4.0CC 13-'.66. 777 47. l2J 0 .35 
1. ll8'>'J.00l l4 1t 1.5 .'J34 -59.'.>.')34 4.31 
8. l4JJJ.CCJ 1635'>. 7l~ -152' •• 715 lJ .26 
9. l6456~00J 17191.38) -1335.3:!3 s. u 

10s tnz;z_e~o 204','/ .36"( -2 LO 7. 3o 7 12. 10 
ll. l~/~6.0CJ 22':i't5. B'ld -3 75J.o')d l~. 96 
ll • 2 2£, > l • 0 O'.) 25 l'iB. 793 -2 551. 7•13 u. 30 
13. 2hodu.OC'.l 2<J2'l& .1:i1 . -616.lEll 2. 15 
14. 29S'l5. OCJ 31227.957 -33H.'i57 ll. l5 
15. 3/772.0CJ J9710.d36 -l93d. J31> 5. lj 
16. 493c.> • .:co 47313.355 l99U.645 4.04 
17. 57140.CCO 5664l .''l'o5 498. (\S5 o.a1 
18. 69732.000 669!h • .H5 2 l"Jl. (; 2S '•. 01 
19. 85261.0CO a1057.U15 3403.1.?3 3 .9'il 
20. lOO<J ld .OCO 99875.931 1042.062 1.03 
21. 124433.0CJ 11701.6 .-'t37 7406.:iC.2 5.95 

TEST CRITERIA FOR EVALUATING ~ULTl-EQUATION SlHULATlON MODELS. 

MEAN-A850LUTc-F.RR~K 

OF 
.lZ 14. 5 75-9 

t 21 • I 
ISEE PlNOYCK & RURINFELO,I 19761 •"ECONCMETRIC MODELS AND ECONOMIC FORECASTS9 , PP 310-317) 

~---~-~-----------------------------

"EAN-AR!CLLTE-PE~CENT ERqC~ • 
OF 

10.3921 
121.1 

ROOT-HEA~-SOU~RE EH1P~ • 
OF 

o07.'t292 
I 2 l. I 

ROCT-~EAN-SCUARE PE~CE~T E~~OR 2 

~F 

-----·--------
INECl:.All lY CCEFFIC lc:H 

uF 
0.3l26 
12 O. I 

.l.3227 
121 .1 

-------------- -------------------------
118[0., pp 3lb-311l 

·----------------------------------------------------
lldlO., PP 316-3171 

(1810., PP llb-3171 

ISEE THEIL,(19651,"ECONUMIC FORECASTS ANO poUCV 11 , PP 32-38) 

------------------------------------------------------~----· 

I-' 
U) 

I-' 
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I/AR! At;LE ,. 
AG SOLUTE 

C:8SE«JE,J VALUE FURECASTEu VALUE RESIDUAL PERCENTAGE ERROR 

l. 2l6l'l. lC2 246'i1J. 793 -3C1t.691 14 .2 l 
2. 2o::l.1.! .'l2.! 2641).7),) - 336 • .:io·l l. 29 
::~ 27tlti'l.521) ?.9l':i7.'rJ6 -12i>7.0d1 4 .55 
4. 30l65.J';.1 32565.312 -2309.'ll't- 7 .96 
5. ~l J9t .11 CJ 34 7'.d .66-'r -3 3& t .. b 6lr 10. 1 l 
6. 3J2lo.;,C<; 3foCJ.5U -t,5'l7.'J02 u .J4 
1. 346.>2.531 'r051.?.o9(; -Sd')O. 367 16 .'ld 
a. 3bfLH. l2l 41!.S'r.742 -4d6 l .t..2l 13. 20 
'J. J9o.._6.7JO i,3247.562 -31,Jo. d ll e .53 

10. 'd(Hl l. 1 ll 41,9')/ .30'i - l 3'h. !) 4 7 3.20 
11. 47/"l'J. l 12 470..Yl.60-'~ o'l 7. 4<lo l.46 
12. 54l!L.11<l 46'>33.43d 521'J.2ill 9. 74 
13. 5'l2.!5.>::.'l 53106 .o9S 6J3d .641 10.20 
l '1. u·~':in. u 71 577'.H.965 bil21.90b 10 .sa 
ls. 7L'r5J.t25 64089.312 6363.!H2 U.54 
16. 'T'l'ic:l. 3 L? I lb l 5. 3 L? 8 343 .. 10J 10. 1,4 
17. u66J~. ~H otOSl.Oa2 55•J.;.J75 t. .45 
18. "?l 5fl .O CJ ~1992.437 5157.562 5. 31 
19. ll l<)J ). u co lv76iM.25l> 4222. 750 3. 77 
20. 121,453. 4 37 12740). 3ll -295J.:l75 2 .37 
2 l. lJ!l 7iJ .4 J1 147.376 .937 -8o5a.soo 6.24 

HSr CRITERIA FOR EVALtJATIN:> :tULTl-EOUATION SIMULATION MJOELS. 

~EAN-A350LUTE-E~~~R 
Of 

44l5.J477 
( 21 • ) 

!SF.E Pl1'0YCK C. RUJl'iF~LO,( 19761 e"ECONCMEl"RIC MODELS ANO ECONOMIC FORECASTS", PP 316-3171 

·-----------------------------------------------------------------------·-----· 
~EA~-AaSCLUTE-PE~C~NT E~~QA • 

uf 
8 • .U 79 

I 2 L. l 
tl8!D •• PP Jlc-3171 

-----------------------------------------------------------
ROOT-HEA~-SOUARE ERR~R • 

~F 

lil9£l.0113 
I Z l. I 

11810., PP 316-3171 

----------------------------------------------------------------- -----------------
FCCT-MEAN-S~UARE PfaC~~T cdRJR • 

Of 

---------------
!NECUAL!TV CCEFF!CIE\T 

JF 
u.2415 
(20.) 

.!.0:!34 
'21. l 

!!BID., PP 3l6-Jl7) 

-------------------------------------
IScE THEIL,(1965),nECuNOHIC FORECASTS AND POLICY", PP 32-381 

-----·---------------------------------------· ·--------------------------------------------------

f-' 
l..O 
w 



v 

14HH.6H 

134800.937 - • 

1222Z5.1S7 

lC'H;t,,5.4Jl 

91073.bil75 -. 

d44'H.9375 

71922.1875 

~9346.1,453 

'16710.6641 

• 
• 

34l <;.;.~all - • • .. + .. + .. .. 
G .. 
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~ . 
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• .. . 
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ll 

• ..i 
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.. 
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• 
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• 
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.. 
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2lbl9.lQl~ -•••••••••••••v~•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• X 

XSCALE• 
YSCAlE• 

1.J~,J) 

0. l'J'l';'J<; -i'l c rOJ 
0.251515t2F•J-. 

:i. OJ:lO 
I 

5.0i.lOO 
I 

1.0000 

+ • OB SE IWEO 

I 
9.0000 

I 
11.0000 

I 
13.0000 

• • Pi\EOICTEO 

I 
15.0000 

I 
11.0000 

I 
19.0000 

I 
21.0000 

~ 
<.O 
.i::. 



VAiHAi3LE ?Y 
ABS.OLUTE 

OBSERVED VALUE FORECASTEO VALUE RE SlOU~L PERCENTAGE ERR.OR 

J. 3c .. 7 ~c )_j .<J38 ,l.. 742 1 .46 
2. 31 .o SJ H.TH -0.6% l. aa 
3. -.1. ace 41 .61U -0.5,0 1. 34 
4. 44. 11'.l 45.542 -o. 772 l. 72 
'). .:.u .. 5~..) 4ti.S6l -0. JOl o.oo 
6. :H.5'lcl 5 3 .1 Ocl -1. 5 LO 2.'H 
7. 5~. o S·J 5J. 2 Qlj -2.519 4 .52 
a. 6 l. '~(j 62.307 1. 443 L21> 
9. bc...·HO 6:. .3:J4 0.050 u .<Ja 

10. 6S. H~ 6'l.237 -0.457 o .ob 
l l. 71. 7:i0 11.. l 3'1 -0.439 0.61 
12. 15. 420 74.326 0.59> 0. 79 
13. 7'i .'>20 1t. 3.17 -l.':11.>7 2.61 
14. n .9 au au.Ho -.2.390 J.07 
15. e 1. 5<;0 l:lJ.<.20 -2. 030 2 .4? 
16. 8 7. B 10 Bo.65l 1. l S<J 1. 32 
17. 92.540 09. 792 2.74d 2.97 
18. <;.;.. 7CO 93.652 3.048 3 .15 
19. 100 .o 00 9:l.208 l. 79.2 1. 79 
20. lO::i.OlO 105.443 -o .433 0.41 
l l .. 113.620 llu. 714 -0.094 o.oa 

TEST GR!iERIA FOR EVALUATING HULTl-EOUATION SIMULATION HJOELS. 

HcAN-ABSGLLfE-cRPu~ 

DF 
l .3J5l 
( 21.) 

t5EE PINOYLK & RUdl~FELO,I 1916),"ECONO~ETRIC MODELS ANO ECONOMIC FORECASTS•, PP 316-3171 

MEAN-Ab50LUTE-Pf~CE~T ~~~~R • 
UF 

2. 05 02 
121.1 

llBIO., PP 316-3171 

-~-~~--~-----------------------------------------------------------------

POCT-~EA~-SCUA~E EF~C~ • 
DF 

0.3566 
121 • ) 

llBIO., PP 316-3171 

---------------------------------------~----------------------------------

l!OOT-MEA?-f-SQU.Xf\E Pt:aCc~.T cKF.U~ a 

i)f 
a. 5110 
I Zl. I 

llb!O., PP 316-3171 

--~~------~-----------------------------· 
lNtCUALITY CUcFFICIENT 

OF 
o.2l4a 
120 .1 

CSEE THEIL,(1965),"ECONUMIC FORECASTS ANO POLICY"• PP lZ-381 

----------------------------------------------------------------------· 
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VAR!AtlLE i{ 

C8SERVEO VtLUc 

t. 21. t; CC 
2. 21. b co 
3. 21. 6C') .... lci .oJuJ 
s. 1:3 .CC'.l 
6. lt,. 4 C1 
1. 13. 0 ~J 
d. u1.0:::0 
'l. lb. 2 C'1 

lO. 15. d OJ 
H. lt,. CCu 
12. it,. OC'.l 
13. 14 .a co 
i .;. 14.00 
15. 13. 3CJ 
lo. 14 .OCJ 
1.7. n.:i.co 
l.8. 12.5.)J 
l'l. l:!. 0 co 
20. 11. 3CO 
21. ll .JCO 

fORECASTEO VALUE 

2L90J 
ld.;} 12 
13.262 
17. 5 lJ 
15 .33L 
15.534 
l5.''l07 
13. )')b 

l .L 065 
D • .:>51 
12.79S 
13.934 
ltl .2.1:. 
17.121 
11. 124 
l'l .:.us 
lS. 4 Ll 
16.861 
16. l 73 
15.089 
13. 543. 

RESluU.\L 

-0.30d 
3. Sii!l 
3 ,) 31:1 
o. ,,90 
2. Ll'J 

-l. l d4 
2.093 
4.<.J4 
3.135 
2. 149 
1.205 
o. 066 

-4.235 
-3.121 
-3.324 
-5.58d 
-s. l ll 
-4. 361 
-6. l 73 
··3.789 
-o. 2t,3 

ABSOLUTE 
PERCENTAGE ERROR 

l .43 
16.bl 
15 .i,5 
2. 72 

11. 77 
[l .22 

ll. 63 
25. 58 
19 .)5 
U.60 
6.61 
0 .47 

30. cl 
22 .29 
28. 75 
3 ... 'l2 
38 .43 
J.:,.. tl9 
51.44 
33.53 
1. 82 

TEST CRITERIA FOR EV.\LUATIN:; MULTl-EIJUHlON Sl11ULAT10N MODELS. 

~f1N-Af.~CLUTE-t~RJ~ 

OF 
2.11939 
I .21.1 

ISEt: PlNDYCK i:. RUdlNFELD,ll97611"ECONOMETRIC MODELS ANO eco-.0111c FO~ECASTS", PP 316-3171 

l'EU-AdSC!.IJ~ l:-PEiiCEt:T EK-<Oit a 

uF 
19.3629 

121.) 

---------------------------------
R00f-HEA~-SOUARE ff.QJK A 

OF 

ROOT-HEAN-SOUAKE PERCENT ERROR • 
uF 

0.742:i 
( 21.) 

:S.JlS6 
( 21.1 

llf>IO., t>P ll6-3171 

I 16 ID., PP Jlt.-3171 

11810., pp 316-317) 

-----------------------------------------------------· 
INECUALITY CGEFflC IE'IT 

::lF 
0 .6633 
( 2il. I 

ISEE TllEIL11l965lo"ECONOMlC FORECASTS ANO POLIC\'", PP 32-38) 

-~------------------------------------ --------------------------------------------·~----· 

I-' 
\.0 
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VARIAtlLE 
ABSOLUTE 

CBSERVE...l V~LUE FCRECASTE~ VALUE RES!OUAL PERCENTAGE ERROR 

l. 7813.0CO 61l't4.75t,. 963. 246 12 .39 
2. :16.:..4. 0 00 / lol .613 14Tb. 387 17. 08 
3. 7242.CCJ 8505 .'HO -l..!63 .<;LO 17 .45 
4. 0442 .OCJ 10430. 163 -1%8.168 23. 55 
5. d527.0CO 1202.! • 52L\ -3'•h. ~20 4J. 'l9 
6. 102•lJ.CCU l47l<i.9% -4530.996 1.,4.39 
7. ll\IS.;.LO') 1623<1.2'·2 ··4334. 242 )b.26 
8. l44'.>9.0CJ 17312.992 -2 J53 .'l92 19. 71, 
9. lb22'l.r.:J ld.>·'t6.721 -2ll7.72T 13 .05 

I. o. 17j25.000 19'l.:,') .6'l>l -2 424. 6::l0 l3 •Si., 
11. 1cl13d.OCC 20L9j .473 -14J7.,, 13 7.49 
12. 22420.CCJ 21463.703 \;56.297 4 .27 
13. 23/'lo.OO·J 24156. 5 59 4639.441 lb. l l 
14. 32221.CCJ 274 to.61.,5 4,H0.355 14 .'l3 
15. 40UJZ.OOJ 33844.844 623 7. ! So 15 .:>6 
16. 47o20.00J 390tl0 .437 8545.51>2 17.94 
l7. i.,'itl79. OCJ 46162. 656 3i.16.344- 6 .25 
18. 601J6.000 54529.536 3656.414 9.40 
19. b 75o5. 000 64766. .32tl 2790.672 4. 14 
20. 686.50. 0 co 146.25.312 -5975.312 a. 10 
21. lll:>ot.oco !!4483 .3l2 -2902. 312 3. 5b 

TEST CRlrERIA FO~ EVALUAT[NG MULTl-E~UATION SIMULATION MODELS. 

HE~N-ABSOLUT~-EKK~~ 

DF 
34-52. H20 

121.1 
(SEE PlNOYCK f. RUillNFELO,(l9761,"ECONC.'1ETfUC MODELS ANO ECONO:>tlC FORECASTS", PP 316-3171 

----------------·-- ----------------------------------
l'Eilf\-Af!SCtUTE-r'EkCfllT f«RGR • 

OF 
16.5230 

I 21 .1 
(181U., pp Jl6-ll71 

---------------- --------------- ------------~---------------------------------

ROCT-~EA~-SCuA~~ E~~~?. • 867.4841 
~F (21.I 

ROCT-MEAN-SOUARE PE~CE~l E~~UR • 
DF 

INECUALllY CCEFFICIE~r • 
Jf 

0.3173 
120. I 

4.3578 
121.1 

IIBID., !'P 3lt.-3l71 

11610., pp 316-3171 

ISEE THEIL,11965),•fCONOM!C FORECASTS ANO POLICY•, PP 32-381 

-------------------------------------· ----~------------------------------------------------ ----
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VARIA8L2 l \IFL 
ABSGLUTE 

GSSE~VEO VALUi: FORECASH:D VALUE RESIDUAL PERCENTAGE ERROR 

l. 23.; .;o 13.'iOL 9. l 89 l9 .tlO 
2. 0 .'}:)j ll.151 -LO. L9a 9'199.99 
3. lJ. 73'. 10. 143 o.:i'lt 5 .51 
4. 9.0 36 ... 449 -o. 4l] 4 .57 
5. ·"I. l Jo 7 .2.:lfl l • .:14tl 20. 23 
C;. s. 50 8. 6 75 -3 .Otlll 55 .27 
7. 7.'l47 9.622 -1.<>7:. 21.os 
a. 14.C. 13 7 .040 7 .433 51. 36 
9. 5. 0 35 6o 1Tl4 -1. 379 2.1 • J9 

10. 2 .113 4. 1.23 - l. 705 62. 73 
11. 4. 3 13 4. 2&4 o.:l54 t. 26 
l2. :). l ls 3. 652 

. 
l. t.&1 23 .59 

l J. o.o .3. '<23 -3. 423 9999.9"1 
14. 3. 3S'< '3 .;i;;s -0.4&1 13 .57 
15. 4.62~ '•. 0<.3 o. 586 lZ .66 
16. 1. 623 3 .62'• ).9'l<J 52.46 
n. s. Hr 3,42 .. 1.16!. 32.73 
18. 4.4'..5 4.2913 0.197 'o.3d 
l9. 3.4 lJ 'o.363 -1.450 42. 50 
20. 5.010 7.366 -2.356 47.03 
21. 12.961 12. 5$4 0.)77 z.•n 

TEST CKlTERIA FOR EVALvATING MULTI-EQUATION SIMULATION HOOELS. 

ME .l.N-A ii SOLl.1 TE-ERROR 
i.lF 

2.5546 
I Z 1 • ) 

ISEE ?lNuYCK £ RUSl\IFELO,ll?76l,"ECON011ET~IC ~OOELS ANO ECONOMIC FORECASTS", PP 316-3171 

~~~~~~~~~~~~~~--~~~~-

~EA~-aeS~LUTE-PEKCE~T [?~~' • 
Of 

:21.601,2 
ll'l. I 

1181D., P~ 316-3171 

ROCT-~~Allr-SCUARE EFJJ' D 

OF 

ROOT-HEAN-S~UARE PEi<.C::H EKlh.lR " 
jf 

lNECOALllY COEFFICIENT 
Or 

0 .8331 
I 2 l.) 

0 .630 L 
na.1 

1. 1882 
I 19. l 

(1610 •• j>p 316-3171 

llBlO., PP 31~-3171 

·---------------------------------· 
ISEE THEIL,(1965),•fCONCKlC FORECASTS ANO POLICY"• PP 32-381 

-------------------------·-------------·-------
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VARIABLE j( 

AS SOL UTE 
OSSEi<VED V-1LUE FOP.ECASTED VALUE RESIDUAL PERCE~TAGE ERROR 

l. 13133.000 12522.;!33 610.770 4.65 
2. l'l02l.OCU 17122.lt.tl 1J9u.d52 ?.98 
3. 2.3<.75.l.CO 22:>12. 391 662.109 2 .112 
4. 29.Js-,.ruil 30121.134 -lCo2. '3't 3. b6 
s. 34:.cs • .:(u 31.!62J. 7l9 -41&4.719 12 .oa 
6. 4Un.c:o 4~396. 1tb9 -C.Cl4.469 19 .~4 
1. 4ndfl.OGJ 61133.223 -ll 7~3.223 .'3. tlO 
B. 592Lt.. CCJ 732td.lci7 -go37.1u1 23. 70 
9. 70JJ2 .o CJ <l 5 11 1 •• 2 50 -15'.72 • .!50 22 .01 

lO. fll95'•·0CJ ')9215.250 -17 .U, l • 2 so 21.06 
11. 'i't\l2 l. C CJ tl2ll3.'137 -LJlSl.t,37 19. 31 
12. 101i9 ll. G CU l.0:57U.315 -16.;0Z. 375 15.43 
1 !. l2S 799. u CJ 14l2l2.o25 -!1 1t l.3 .b25 ti. 79 
14. l5BJ.5.r.JC.) l 5S 132. 062 -5197.06.! 3. 78 
l 5. l832d4.0CO ldZ521.:,aT 7o2. H2 0.42 
l 6. 219377. 0(0 209J8~.5bl 9411d.437 4.H 
11. 2%142.0CJ 2<,3465.312 12676.637 4.95 
la. 3LlO:iil ! . C C'l 2a3002.6a7 1757ti.3\2 5.tl5 
19. 3't'ld 13. CC:> J3C6.Y9. 7?0 l'i223.250 5 .49 
20. 397377.0CJ 3855')2.562 117J4.437 2. 97 
21. 4St.OOS.UOJ 447437.SOu 8567 .500 l.ae 

TEST CRITEPlA fuR EVALUATING MULTl-EQU4TION SIMULATION MODELS. 

~EAN-ASSOLUTE-ER~UR 

Ot 
9d6o. 1344 

(21. l 
ISEE PINOYCK & RUiilNFELD,{19761,"ECGNCMETR!C MODELS ANO ECONOMIC FORECASTS"• PP 316-3171 

~EAN-A85CLL1E-PtRCENT EQ~CR • 
Jf 

RQOT-HEAN-SOUARE EP~CR ~ 

Jf 

10.309L 
I 21. l 

2 554. 79'Jb 
I 2 t. I 

I 18 ID., PP 3 1£.- ll 71 

--------·------------------------------------------------
llol~., PP 316-JL71 

----------------------------------------------------------------------· 
POOT-~EAN-SGUAME PE~CE~T E~~lR • 

OF 
2. 6:?b9 
121.1 

llBlu., PP 316-3171 

---------------~------- ----------------------------------------
INE,UALllY COEFFICl~~T 

0F 
0.126d 
120.1 

!SEE THEIL,(19651,"ECONOMIC FORECASTS ANO POLICVH, PP 32-381 

------------------------------·-----· 

N 
0 
w 
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456C04.75J 

4ll656.500 

lt73C!l.250 

n2-;cc.ooo -. 

2731>l L.75.:> -. 

234263.500 

l8'l915.Z50 
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145567.000 -- * 

101218.7~0 

'56870.4922 - • • 
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• + 
0 + 

• + 

• • • 
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... + 
• + 

:. 
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0 u 
125l2.23J5 -~••••••••••••••••••a•••••••••••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• X 

XSCALE• 
YSCAL t:• 

1 .O:J'.'0 
0.19<;\l'J'J 'H,: +.10 
c.ea690Sl;e .. Jr. 

I I I I I I I I l I 
l.OJJO 5.JJOO 7.0JOC 9.0000 ll.0000 ll.0000 15.0000 17.0000 19.0000 Zl.0000 

+ • UdStRllE<> • • PREOIC TEO 

N 
0 
.i:::. 



VARI AUL£ Vi) 

Ad SOLUTE 
CilSEr>VED V~LUE FOKECASTEJ VALUE RES l.:ltJA.L PERCENTAGE ERROR 

1. 5224C:l.9l:J 57623.031> -5379.lU. 10 .30 
2. 5513j.'.)jl bJIOd. 312 -557 J.Llll 10. 11 
3. 'j9j65. 5 1J o:i:>Ja .•H7 -617_;.)b1 10 .40 
4. 1>23Ji!.23~ 11499. 51>2 -9l61.324 14. 70 
5. bb645 .. Jj,? 15z1>.;..•n1 -d~l1.87:i 12 .'13 
t. ll l2J. 4 H a1 1 .. 97 .. ll~ -l0373.6J7 14. 59 
7. 75& 14. ~u2 J57l2.3 75 -10C37.812 13.26 
3. 00106.937 d6d.?6.3!2 -bll<J.375 a. 39 ., . ilo lb 1 • .2 ~J 89544. 812 -3Jil3.56l 3.93 

lOo 'JG!lu.l.CG) 'i2J'<L562 -154! .• 562 1. 70 
t l .. .,q11.~c;i 953.ll .ooo 3 73.).:)0.} 3 .di. 
l 2. 112523.J l.i 98012. 500 14 .. 9).812 12 .:!!> 
13. la1,1:..1n lOS366.315 17 l.:Jl.'.l!2 l3 .97 

. 1'.. Dl:!S6. 5CJ 113257.0cl ld5'i~.;J7 14 .11 
15. 145232.312: 124439.:!75 20742 • .:,37 14 .2cl 
lb. l5J59/.06l l3b55 1._ B 15 1704l.lJ7 11. 10 
17. l6U23. O(J l52t,,35. 31.! 10137.6'17 6 .26 
18. ldJ4l.J .J75 l71318.062 9l00.Jtl 5. 04 
19. 2011a1.ocu l'.ld55'l.lll7 2627 .al2 1. 31 
.20. 22.2570. 5tz 232777.125 -10206.362 4 .59 
21. .i4B27d.8 l2 2bo6l2.375 -18.HJ. 562 1.38 

TEST CKITERIA FOR EVALUATING MULTl-EUUATION SIMULATION MODELS. 

MEAN-AGSOLUTE-E~qCR 

OF 
9961.0)08 

121.1 
ISEE PINDYCK & RUtt1NFEL0,!1976lo"ECONO~ETRIC MODELS ANO ECCNO~IC fORECASTS•. PP 316-3171 

~E~~-ABSCLUTf-PERCE~T ER~C~ • 
Or 

9.2:i69 
I 21 • l 

ROCT-MEAh-SO~AAE E~;~i • 
JF 

2'•93.10.:.1 
121.1 

ROOT-MEA~-SOUA~E Pc~CE~T ck~JR a 
OF 

INECUALllY COEFFlClf~T 
OF 

0.2)41 
120.1 

2.2439 
I 21-> 

!IBID., PP .H0-3171 

--~~~-------------------~-----------------------------~-~-~----·~~~~--

11arn., p;; 316-3171 

116[0., pp 316-3171" 

ISEE THEIL,(19651,"ECCNOl'llC FORECASTS ANO POLICY", PP 32-381 

~--~-----------~~-------- ----------------~~-----------------------------~~~~~~ 

N 
0 
U1 
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266612.000 

.245175.187 

2237311.375 

202301. 56Z 

180S64. 750 

159427.937 

13N91.12S 

1165~~.312 

95117.SilOO -
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Sll43.~102 -•···•••••••••••••••••••••••••••••••··~·•••••••••••a•••••••••••••••••••••••••••••••••••••••••••••••••• X 

XSCALE• 
'fSCAlE• 

I I I I I I I I I I I 
t.JJJJ l.oooo s.oooo 1.oooc 9.oooo ll.oooo 13.0000 is.oooo 11.0000 t9.oooo 21.0000 

1). l 'J'1'19<, -;<; E r')O 
C.4.2o 116 lZE:+Ot, 

+ • 06SERVEO • • PREOlCTEO 
N 
0 
0\ 



VARI Ab LE "i 
ABSOLUTE 

CtlSE1Wtll VALUE FORECASTcu VALUE ~ES !OU.~l PERCENTAGt ERROR 

1. 6l59}.CCJ 6JJTL.5JO -627;;.:>00 10 .o3 
z. 00B2.o.;:i 72794.'h/ -4762.931 1. 00 
;. IJZ //. OCu 1•1..:07.3U -57JO.dl?. 7.d2 

". 1111,2 .o cJ <Ji>74l. 5GO -'1579. 500 12 .41 
5. €2:iul .DJ•J 9170/ .687 -914t..637 ~1.08 
6. 07221.CCO 9il640. lti/ -ll'd9.l:l1 lJ .09 
7. •)3)02.00'.l lJ!o'l 13.625 -lt611.t.25 12.45 
d. 'IJ'.l~d.OO'J lQ/.:,~;, .437 -8'13l.4H 9.06 
'J. !O')J;J.OCO UQ<;uJ.312 -s<,J5.312 5.1>5 

10. l 1.!744.o.::i 114955 .H2 -2211. ~12 l. 'l6 
1 l. l22jJ 7.0~J ll'JS'IJ.5uJ 2793.500 2.28 
12. U6354.CCC 12.ltlJb.75;) 12~61. 250 ) .14 
lJ. l:>Oc96.CCO Uh.n .312 l/l~l>.od7 11.38 
14. l62J.'., J. G CO l'.3GOJ.750 lJS:.4 • .!50 11.42 
15. l7'JC03.000 l~J2il0. /50 20 722. 2 50 11. 58 
l 6. t•15L06.0CO 1/5360.312 l'J745.6ii7 10. 12 
11. 2tt5d:l.CCJ 1963t.:.. t tH 14723.SU 6.96 
1 tl. 234573 .u.;o 221603. 375 12"69. 625 s.s3 
l9. 2&1558.0C:> 25 r204. 750 4353.250 1. 6<> 
20. 2no2;.oco 301977.125 -9352.125 3.20 
:n. 37-76-;.j .o co 3472')') .?37 -19:i92 .... 37 s. ~a 

TEST C1HTEklA fUR EVALU,;.T(r;G MULTI-EQUATION S1MULATION HOOELS. 

MEAN-Ab$0LUTf-E1~U~ 

Of 
l,035d. 507il 

121.l 

---------------
I SEE i>INOYCK I: KU81NFELL>.tl976) o"ECl..NLMETRlC liOOELS ANO ECOlllO!ilC FORECASTS", PP JH,-317) 

-----------------------------------------· 
~EA~-AeSCLUTE-PEKCtNr ~~~OR • 

Or 
a.OG65 

121. I 
11810 •• pp 316-317) 

ROOT-liEAN-S~t.:Ai<E EFRG~ • 
GF 

1.673 • .2625 
121.1 

ROOT-HEAN-SQUARE P~KC~~T !RRUR • 
or 

INE,UALITY COEFFIClE~T 
~~ 

O.lddl 
120.) 

·-------------~------------------------------~--

l.9313 
12.l .l 

llSIO., PP .H6-ll7l 

11810 •• pp 316-3171 

------------~----------· 

(SEE THE!l,1!965),"ECCNOHlC FORECASTS ANO POllCY•1 PP 32-381 

--~--~~--------~-~---~-------~---~-~--·----~--

t\.l 
0 
-...] 
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34 7 290. 500 -. . . . . 
313820.750 -. . . 
29035l.OJO -. 

261:131.250 -. 

233411. 500 

2049'4t.HJ -. 
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148002.2:)0 
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6?.593.llOOO -·········~··························································································· 
x 

XSCALE• 
'i~CALE• 

I 
l.OO')O 

O.l<J'n99'l9E+l0 
a. St.939 s 1oe •->t.. 

I I I I I I I 
J.0000 s.oooo 1.0000 9.0000 11.0000 tJ.0000 15.0000 

+ • OBSERVED • .. PREOICTEO 
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11.0000 

I 
19.0000 

I 
Zl.0000 

N 
0 
00 



APPENDIX G 

EX POST FORECAST--TAIWAN FORECASTING MODEL 
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FORiRAN IV Gl P.lLEA$f 2.0 u:;~R DATE • 77121 23/28/35 

000 l 
ilOC2 
0003 
OJ04 
OJ>:5 
oooc. 
C007 
c0oe 

c 
IP 
l 
c 
H 
w 
PY 
R 
I 

.. 
" .. .. 
" 
" 
" .. 
" 

INf L " 
K 
YD 
y 

1 
23 

" .. 
" -
"' 

CNST 
IG 
I Pll 
22 

SUB~UUTINE USER IPKINT,RrlS,Il,Ml 
lil 1'.ENS!Jf, Pk INT 150,50), R11£. 150) 
COl'\,"\QN IN, I 0, l t> 
KH~14 l=f,HSl2 J/P~ Hll (I I, 7) 
I. 115 I HI =PP llJ T ( 11 , 7 l / k HS I 13) 
h HS I :>1 = l 00. $PH I f\ Tl I I , 7 l I ;{HS l 3) 
kCTUf..l\ 
Er~~ 

EX PUST fGHECl.51---TAl~l.f\ fC~ECASTlNG MGDEL 
Sl:1UL~TICf\ TYPE IS 5. 
irlc!lE A:<~ 15. E:>UUucf,QUS VARlt.dlfS ANC 16. EXOGENOUS VARIABLES IN THE SYSTEM 
THF S!MULl.T ION PAkAME lERS .:.RE 0.0 0.0 O.O 
THIS 15 VEK~ION 4 OF THIS PACKAGl DATED 10-15-68 

fo:OOEL STRUCTURE 

O.J9'> YO 2:>'.>4. lc5 C.t:ST 
-lo.23b j..: ld.2Jb INFL 

0.460 Cl 1 
0.124 y -bl23.922 C.NST 

o. 1 ao Y -3152. tOO CNST 
1894.030 WST o.;,~4 f..L l 

.;. 4 14 " -42441.-.30 C.NST llll.738 RMP 
o. 4 4 1 ' -56~7. t.60 C.t\Sl 
6.~0:? ms T 0.000 MS 0.121 PH 
C. LUO ) 29.<.3j C.NSl -U.019 HS/P 
1.0:.JO IP l.CO:J IC 

-1ao.ooo CNST 100.COO Z2 
-1.coo c l.JJO I l.JOO Kll 
-1.coo 1 -1.JCO 0 1. 00;) 'I 

I. JO:l C -1.000 l'I i.ooo I 
l .C;JJ 1"5/P 
l .UOO RM? 

l~lTIAL VALUES Of EXO~~NOUS VARIABltS 

1.000.l 
4!><.00 • .:.21\l 
505b3.S6b7 

l • .Hlb 

M!.' 
lR 
1(1.l 

ot.i>l7.0000 
l3tO.i499 

45b005.000 

Pt~ 

G 
fYLl 

O. 771 PYL l 
O.lld Zll 

l.000 TR 
1.000 G 

l'i2. 4700 
4"238.0COC 

11 ll. i.2 00 

O. 370 I Pl 1 

-o.ooo 'I'll 

1.000 x 

1".S/P 
x 
Zll 

544.2620 
Ub744. 000 

t.1"12 .3301 

PACE 0001 

52.000 

RMP 
C.ll 
Yll 

99.000 

82.6630 
170858.000 
327b'i!S.OOO 

f 

N .... 
0 



LAGGEO EN~uGE~OUS VARIABLES 
P~ICK Lu~~TIO~ ?OSTERIOR LOCAT ICJtl 

..!5 l 
2 
ll 

1 
i<. 
L3 

0 
0 

OE lE.H' IN.\~ T z O.t~C00JD~+ll•lO•• 0 
ilHI Rl'<S POSIT IG~IS t.'-il ll~LUcS A"<E 

l 7 l i)') 3.) l. 0•) 1 d ~lJ.32 21 575Uu.OO 22 
NEh RhS FOSIT!CNi .l,,o) 'iALIJES A~E 

11 uosi..:.~o u ta:>.1a ll 4744<t.OO l2 

l. 
2. 
3. 

\/AP.I Ad LE C 

06SEnlli:U oJ ~LUE 

IE32J.uCO 
l<lSJ.ld.000 
1966 )6. OCJ 

FCli.i:CASTEO VALUE 

13~204.cl75 

20~62.). 25J 
2JOC.05.6l2 

26 
27 
za 
29 
30 

0 
0 

1552.ZC 23 552L5.00 2'o 142047.00 

119'il.40 23 S6e42.00 l4 ~02274.00 

RE S!OUAL 

-l365t,..J]'i 
-20407.25.) 
-H•/•N • .ill2 

ABSOLUTE 
PERCENTAGE ERROR 

1 .ao 
l l. 02 
17. 2'i 

0 o.o 0 

0 o.o 0 

TEST 'RITE~IA ~OR EVALUATING MULTI-EQUATION Sl~ULATION MOOELS. 

o.o 0 o.o 0 o.o 

o.o 0 o.o 0 o.a 

l'E ~l\-4eSOllH E-1:;.. <CH 
OF 

22"'> 1.312:> 
I 3. I 

ISEE P1!1iJYCi<. t: ~llcllNFELO,( 19761,"ECCNC~ETRIC MCOELS ANO ECGNOMIC FORECASTS", PP 316-3171 

~EA~-A~SCLlTc-PE~CF~r ~R~J~ = 12.JJCO 
I 3. l 

ROOJ-~EAN-SJ~A~E EG~~M = 
~f 

Cf 

13<;.dj.Olll 
I 3. l 

------------- -------------
I iJ IQ., P? ll6-3l7l 

((BIO., PP 316-.llil 

------------------------------------------------------·------------ ---------------------------------
POCr-,~A~-S~UARE PE~C!~T ER~DK • 

Of 

INE~LAlllY CCEFFICIE~T 

o~ 

0.4'.922 
( 2. l 

7 .H24 
I 3 • l 

( IU 10. , PP 3 l 6-:i 111 

---------------------------------------
(SEE THEll,ll96Sl,"ECUNOMIC FORECASTS ANO POLICY", PP 32-381 

N 
f-' 
!-' 



VARIAblE lP 
Ab SOL UTE 

08$EP.VED VALUE FC:kECAS li: 0 Vil.LUE Ht: SIUUAL PERCENTAGE tkROR 

l. t.c62fl.OC2 57042 .l84 ';56~.87~ 14. 3'.i 
].. 3 7t;72. t..41 6330il.62l -l5435. 980 67 .16 
3. ~5048.98!1 72'\111.&l.2 -17 col. b2"t 32. 45 

lEST Ll{ITU..JA FOK EVALUATING 'l:JLTI-Euur.11011, SIMULAllON MllDELS. 

~fAN-AhSOLUTf-ERF8R 

Of 
171>26. 2266 

' 3.) 
l!>EE Plfl;DYCK & RUdlNFE:LO.tl97bl.'1 ECf\"'CME1RIC t400ELS ANO ELON0'1JC FORECASTS''. PP "316-317l 

---------------------------------------------------- -·---------------------
~E~~-aeSELUTf-PERCfNT thRCR • 

OF 
37.'.U93 

I 3. I 
I Hl ID., PP 3 le-3171 

--------·--------------------------------------------
R001-MEA~-SCUA~E Ef~O~ a 

OF 
10tl42.0625 

I 3. I 

~OOT-MtAN-SJUAKE PE~CE~T ER~uR • 
~F 

25.3210 
I 3.1 

1IB10., PP 316-31'1) 

llBID., PP 316-3171 

·---------------------------------------
INECwALilY CCEFF!CIENT 

Of 
o.7o21 
( 2.) 

------~--~--.-----------~-

IScE THt:lLoll9ti5),"f:C.CkJUMIC FORECAHS ANO POLJCY"e PP 32-38) 

--------------------------··-------

N 
f-J 
N 



1. 
2. 
::. 

\IARIA!:lll:: T 

CBSEl<VED VtlUE 

60753.'o 22 
u'.:>o30. oco 
61427. 559 

FDRECASTcO VALUE 

61!>73.'Jbl 
l6852.5l>2 
77t.oO.So2 

Rl:SIDUAL 

-6:?0. 539 
-1222. 562 

-16233.004 

ABSOLUTE 
PERCENTAGE ERROR 

1 .35 
1. 86 

2f, • .r,3 

TEST CRlTERlA FUR EllALUATiNG ~ULTl-EOUATlJN SIMULATION MODELS. 

MEAN-AbSOLUTE-ERP.OP 
Of 

6092.0352 
I 3.) 

ISfE PINDYCK t ~UBINF~L0,1197"'1,"ECGNCMfTRIC HGDELS ANO ECONOMIC FPRECASTS"• PP 316-3171 

~EAN-AflSOLLTE-PErt~l~T ERROR • 
Of 

ROCT-~EA~-~vUA~E fl<~O~ • 
Of 

<J.6799 
I 3. I 

5433 .21 O'i 
I 3.J 

·--------·--------------------------------------· 
11~1c •• PP 3l6-317J 

ll&IO •• PP 316-3171 

-----~-------- ·-~---------------------------------------------

RCCT-MEiN-SOLARE PfkCENT ERROR • 
UF 

INFCLALllY CuEFFJCJE~T 
OF 

c. 7903 
I 2. I 

tl .e1o21 

' 3 .1 
ll81J •• PP 3ll>-317l 

·------ -----------------------------------
ISEE THEIL,11965),"ECQNOMIC FC~ECASTS AND POLICY", PP 3£-381 

IV 
I-' 
w 



/ 

2. .. ,. 
:?. 

VAklABLE D 

O!lShVE;O VtLUE 

21191.CCO 
23.~50.0:JJ 

2 J C4 7. CC 0 

FOREC.ASHO VALUE 

2b.r.2b. 457 
30516.008 
.:.5377.918 

RES IOUAL 

-!'.23!> • .r.57 
-6(.bb.008 
-b330.918 

Atl~OLUTE 
PERC.EIHAGE EkROk 

24. 71 
27.<;5 
3:> .oo 

TE:>T CRJTERIL FOi\ EVALULTING '1ULTl-EOUATICN Sl~ULATION MODELS. 

~EA~-AbS.CLUTf-~~RO~ 

Uf 
b7't4.U50 

I 3.1 
ISH Pt.;OYC.K t RUill:4FcLD.1197bl,"ECONCMETRIC. MODELS All:O ECC!\IOMIC FORECASTS", PP 316-3171 

PfAN-ABSCLLT(-PEkCE~T cRRG~ • 
OF 

27.8191 
( 3. I 

ROCT-PFA~-SOUARE ER~Q~ e 

UF 
3S6l .6116 

' 3.1 

kCCT-~EA~-SOLARE P£~Ct~1 fCPJ~ • 

lNEC~tlll' COE~FICIENT 
Uf 

~c 

~. 

o. 09,3 
I ;:. I 

16.1256 
I 3.) 

llBIC •• P? 316-3171 

llBIO., PF 316-3171 

IIBID •• PP 31<.-3171 

ISEf THEIL.11965),•ECONOMIC fO~ECASTS AND POLICY"• PP 32-381 

---------------------------------------------- ------------

-------------

[\,.) 

t-' 
it::> 



t. 
z. 
3. 

I 

VAR I ABLE :t 

CBSERVEi) VtLUE 

14583-:i.OCO 
l3dC1lollC;; 
l 779UO.CC".1 

F<:F\E1..ASTEO VALUE 

l.19501 .250 
134271.625 
160445.562 

RES I OV.i.L 

21>J:n. 750 
3 793. 3 75 

17534.431 

ABS0LUTE 
PE~CE~TAliE ERROR 

18.06 
2.75 
9 .d5 

TEST .:.PtTEi\IA fuR EVALUATING MULTl-EOUATlON SIMULATION MODELS. 

~EA~-ABSOLUTE-E~{CA 

OF 
15<l1H.1J7!> 

' 3. > 

ISEE PWOYCK I:. RU1.>ltlFELO,lli761,"ECGNC.'tETl<lC 110CELS ANO ECONOlilC FORECASTS", PP HC.-317) 

~EA~-•bSCLUTE-PE~CE~T E~RCK • 
OF 

to.21ae 
I 3. I 

11810., PP JLC.-3171 

·-------------------------
~GCT-,EA~-S~UAR~ E~~CR • 

OF 
10021.2500 

I 3. I 

ROCT-~EAN-SJ~•Rt ?E1.:.Exi E~MGR • 
OF 

o. 9L15 
! 3.1 

(lolO •• PP 31b-317J 

I Ill IC., P? llC.-3171 

·----------------------------------

--------------------

INECUALITV CGEfFICIE~r 
Jf 

Q.3dl9 
I 2.1 

ISEE THElL,119651 ,•ECCNO~lC FC~ECASTS ANO POLICY", PP 32-381 

----------· ·----------------------------------

) 

1') 

f-' 
U1 



l. 
2. 
: .. 

VARl.'.itllto W 

CoSfllVfD VtlUE 

140762. 312 
l4b481. 5 00 
16<!784.315 

FGHECASTEO VALUE 

153033.1:!75 
lb5975.d75 
l 924 .,,,. 000 

RESIUUAL 

-12271. 562 
-l'J4'J.I,. 375 
-~9 b89. l.25 

A8SDLUTF 
PERC.ENTAGE ERROR 

6.72 
13.:H 
lo • .21. 

TEST CRITERIA FOR EVALUATiNG MULTl-EUUAllON SIMULATION MOJELS. 

~EA~-AP.SCLUT[-(RROH 

CF 
201,a:..0195 

I 3. l 
ISEE PINDYCK <. ~u:Jli;ffLD.1 lSH.lo"ECGNCMETRIC MOOELS ANO ECGNOMIC fCRECASTS .. , PP 316-317> 

~EAr.-ABSCllll:-PtRC.ti<~ ckRCR = 
Of 

}3.t,215 
I 3. I 

I lb IC •• PP 316-:;17> 

------------------------------------------·------- ·--------------------
ROCT-~EAN-S:JUARc E llf<Of< "' 

"()f 
12525. 7!112 

I 3. J 

ROOl-~FA"-~OLARE PERCf"T ERR:R = 
. Of 

INfCUAlilY COEFFICIENT 
Of 

c. 2164 
( 2. ) 

6.0674 
( 3. J 

11813 •• pp 316-3171 

I 18 JO •• PP ::Olt.-3171 

--------------
ISEc THEIL.11965)."tCCNOMlC fCRECASTS ANO POLICY"• PP 32-36) 

!\.) 

I-' 
(j\ 



1. 
2. 
J. 

V.llHAB.LE PY 

l.Ji:lSER'JEu v:.L;JE 

l59.t4u 
164. ')20 
l.12. 7CO 

FORECASTEO VALYE 

l36.550 
15.2. 653 
l1>9 • .27t. 

RESIOU~L 

2.2 • .590 
U.261 

3. 42', 

Ail SOLUTE 
PERCENTAGE ERRUR 

14. 19 
7.44 
t.9tl 

TEST CRifl:RIA FOR e:V.l.LUAT!NG MUl.Tl-ECUAJION Sll-'ULATlGN XOOELS. 

MEAN-AtlSOLUT t-E;l.'h.)" 
Df 

l.2.7604 
I 3. I 

! SEE PI "'DYC I( t KUB I NFE LO, Cl 976 I, "ECONCl'IET RIC ~OOELS ANO ECO"lllM IC FOREC.\S TS", PP 316-3 l 71 

----------------------------------------- ----------------
~EA~-AP.SCLUTE-PE~ce~r E~~OR = 

OF 
7.d7l9 

I 3. I 
I ID 10 •• PP 316-3171 

--------------------- ·-·----
ROGJ-MEA~-S~UA~E E~dC~ • 

OF 
d .o44 3 
( 3.) 

'la !O •• pp 316-317) 

---------------------------------------------------------- -----------------------
RGCT-~EA~-S:UAdE PEAC~iT E~RJR • 

OF 

l~E~LALiiY COEFFiCIE\T 
)f 

0.4650 
I 2. I 

5. ?1::26 
( 3.) 

llSIO., PP 316-3171 

--------------~---------

(SEE THEIL,ll96511"ECO~OMIC FORECASTS AhO POLICY•, PP 32-381 

-----------------------------------·-----~· 

[\.) 

I-' 
..... J 



l. 
2. 
3. 

\/AR l A6Lc R 

OBSERllEU VALUE 

14.b::O 
13.3 00 
12. c ca 

FORECASTEO VALU~ 

24.0JO 
9.18& 

16. :>91 

RES J(J:.JAL 

-9.~80 
5.112 

-4.391 

Atl!>OLUTE 
PERCEN1AGE ER~OR 

62.70 
38. 44 
3o.!>9 

TtSl CRITER!A FOR EVALUATING MULTI-EQUATION SIMULATION MODELS. 

1-\fM<-ABSOl lJTE-E Ki<f1fl 
Df 

t..2610 
c 3.) 

CSEE PlNOYCK t RUDINf~LD.!1976),"ECONCMET~lC ~DDELS AND ECCNOMIC FORfCASTS"t PP 316-317) 

--------------------------------------------------------- ----------------------------------------
MEAN-AR5ULLTC-PERCENl ERR~R • 

Of 
45.9098 

I 3. l 
lll:llC., PP 3ll-317) 

-----------------------------------·----------------------------
R::JOT-1".EAN-S~UARE fl',;.,JR • 

Of 
3. C22 S 
I 3.i 

11810 •• PP 31L-317) 

-----------------·---------------------------
RCC1-~EAN-SJUARE PtRCENl E~RGR • 

vF 
27. 3817 

I 3. l 

-~------------------------------------

lNFCUALllY CCEfFlClENT 
OF 

0.9201 
! 2. I 

I IB lu., PP 3lt.-3l7l 

ISl~ THEIL,(1~65),"ECONO~I~ fCRCC4STS ANO POLICY", PP 32-38l 

---------------------------------------- -------------

l'V 
I-' 
00 



J. 
2. 
3. 

V_.RIAtlLE 

C8Si:RVED VtlUc 

ll2030.QCO 
95454. C CCJ 

1C2493. CCC 

fOKECASHD VALUE 

1024.r,2.:ns 
12031\8.500 
1.?C355.750 

· RESl:>UAL 

95&7.625 
-2543.C,. soo 
-17bC..!.7~0 

AtlSOLUTE 
PERCE:NTAGE ERROR 

ti .56 
Zo.65 
17 .1,3 

TEST CRITE:PIA FuR E~ALUATING MULTl-EQUATtJN SIMULATION MO~ELS. 

l'EA~-AeSCLUTE-ERKGr 

Df 
17<-28.2b9l 

I 3. J 
t:>EE PJrWYCK & l\U3WHLDoll97t.l."ECvll.uMETRIC KODELS AND ECONOMIC FCRECA~TS", PP 316-3171 

. ------------------------------------------
~EAN-A8SCLLTE-PE~Ct~T ckRCR ~ 

DF 
17.5440 

I 3.i 
!Jb!D., PP 316-317> 

------------------------------------------------
ROCT-MfA~-s:uA~E [R~OR -

OF 
10€41.8164 

I 3. l 

~CCT-MEAN-SOU6R[ PEKCENT ERROR • 
Of 

10.9!:98 
( 3.) 

!IBID., PP 3lb-317) 

llBIO., PP 316-3171 

----·-------
INEC~AlllY C.LEFflC.lr.NT 

OF 
0.97b2 
( 2. ) 

!SEE T Hfll, (l'.65), "eCONJ!'l lC f(;(ECASTS AND POLICY", l'P 32-38) 

---------------------------------------------------------------------

N 
I-' 
l..D 



1. 
2. 
!!. 

VAPIABLE lNfL 

Cl!SF RVED V ~L LIE' 

3.t,. l t:O 
3. c.32 

"· 717 

FORECASTEU VALUE 

15.114 
11. 793 
1 O. o38 

RES! DUAL 

19. 04t. 
-c..156 
-b. l H 

AbSUlUTE 
PER1..ENT AGE C:PROR 

55.7t. 
224.t;2 
130.82 

TEST CRITEr.IA FOR EVALUAl INC> :1ULT 1-EOUAl 101'. SJMULAl IOfl IODELS. 

PEA~-&RSGLUJE-EPkOR 

Of 
11.1251 

( 3.1 
ISH PINDYCK & RUbl'U-EL0.1197!>1,"fCONOMETRIC HOOHS S.NO EC.O'lOM1C f:.JREC.AHS", PP 316-317i 

~EA~-~dSCLUTE-PERCf~l EKR~~ • 
OF 

137. Ot.70 
I 3.l 

(!610., pp 316-3171 

------------------------
~CCT-~EA~-SCUARE E~~OR • 

DF 

RCGT-~EAN-S~UARE PEMCENT ERROR • 
Of 

7.20b4 
l 3.) 

bd.6185 
I .3. l 

---------------------~------

llBIO., PP 31C-.317) 

----------------------------------------------------
llBIO., PP 3lb-317J 

--------------------------------------------------------------------
ZNEOUALllY COEFFlClENT 

o~ 

C.6563 
I 2.J 

!SEE THElLtll~t.51,"fCOnOKlC FCkECASTS ANO POLICY"• PP 32-38) 

--------------------------------

rv 
rv 
0 



l. 
2. 
3,. 

VA!l!ABLE ~ 

08'>F.r.VEO VALJE 

54od4:...oc;l 
01344il. CCu 
6·Bi:l'i4.0C'l 

Ft.MfCl\STEO VALUE 

!>32020.937 
6223'H.37S 
rnn 11.zso 

RESIDUAL 

l4!123.J6.l 
-39'w~. j 15 

-l:H 17. 2 50 

ABSOLUTE 
PERCF.NTAGE ERROR 

z. 71 
'.) .64 
1. 'l4 

TEST CRITERIA FOR EVALUATING MULTI-EQUATION SIMULATION MODELS. 

MEAN-ABSOLUTE-E{RJ~ 

OF 
1074!1.5625 

! l. l 
CSEE PlNDYCK f. RUiHNFEL0 0 1l976J,nECGNC.'IETRIC MODELS At.0 ECONOMIC FORECASTS", PP 316-3111 

------------------· -----------------------------------
~EAh-AeSCLUTE-PERCf~r ERKOR • 

D~ 

1. 7b361 

I 3 • I 

P.OCT-MEA~-SCUARE EFRG~ • 
J~ 

6d06 .7.03 l 
I 3. l 

ROOT-MEAN-SJUAME PE~CENT ERkJR • 
)f 

L.1317 
I 3. I 

(11:1!0 •• pp .l!C-3171 

-----~-------------------------------------- -----------
118 ID., PP 316-3171 

llBIO., PP 316-3171 

----------- ------------------------------------------· 
lNECUAL!lY CCEFFICIE~l 

OF 
0. l 04 7 

' 2. l 
ISEE TH~ILoll9t5),"tCG~OH!C FORECASTS A~O POLICY•, PP 32-38) 

------~----~------- ---~------~--~--------------~-~--~--~--~-~---~~~-~-~-

[\.) 
[\.) 

I-' 



2. 
3. 

VA'<! Aeu: f J 

CSSE «'J~J V ;.L uE 

24°/J;,2 .. 7 5.) 
25l935. Z'.00 
2"1l'i51.HS 

f0.{c.":A$Tcfl VALUE 

273437 .'131 
2936.;l. dL? 
)3 77'1 i .Q.)l) 

RESICllJ~L 

-.!4375.1:17 
-;l l4t.,. 51\L 
-'AdJJ.125 

Al)SOLUTE 
PERC~~TA~E EkRUR 

9. 79 
l6 .57 
ls. 30 

TEST CRITERIA• FOR EVALUATING :1ULT!-E..JUATION SIMULATlCN HOUELS. 

~1EAN-AtlSOLllT E-Ei'U:J.l 
OF 

3<>'iu4.'l570 
( 3.) 

IS2E PINOYCK & RU~INFEL0,(19761,"ECCNCMETRIC MODELS ANO ECONOMIC FORECA~1S", PP 316-3171 

HA1'-Ae'.:iCLUTf-PEi:C E\f c~.{1),{ "' 

;)f 
13 .dd "'" 

! 3.) 

RCOT-1-'EAt.-SCUA.:IE Eli?.C~ "' 
:)f 

219ll .Ob2) 
· I J. I 

Rour-:~EA~-~..;uA:<!= P(r c::r:r Ei"tRJR :a 

Of 

INE,UAllTY CCEFFICIE~T 
Of 

.------- --------
0 .19 lS 
( 2.) 

J.l'.59 
( j.) 

(15[..l •• pp ll6-Jl7) 

·----------------. 
1161'.) •• pp 316-3171 

11a10 •• PP lt~-317> 

IS~E TH~IL,119651,•ECCNO~!C fC.{ECASTS ANO POLICY•, PP 32-36) 

N 
N 
N 



VA;(IAdLE y 
A~SOL UTE 

i)8SEf..VEO V Jlv': F0kEC AS 1;:.) VA LUE ilE SlUUllL PERCF.~HAGE ERRCR 
/ 

l. 32'io97. cco 36'H2o .uol -3043l.J62 9 .23 
2. 3JSJC3.CC.l :J.U'l49.I. 375 -4:1US. 315 l'o .60 
;. 310~.d.OCO 449632.0oZ -69 3':17. 06.2 1:1.25 

TEST C~ITE~tA FOR EVALUATING MULTl-E~UAT!ON SIMULAT!CN MODELS. 

~EAN-AeSOLUfC:-ERRG~ 

Of 
49J2l-l641 

I 3 • l 
(SEE PINDYCK t: RUBlW'El0,IL9761,"ECONGMETRIC MODELS ANO ECONOMIC FORECASTS", PP 316-3171 

~EA~-AeSCL~TE-PE~Ct~T EKR8R • 
OF 

14.02<15 
I 3 • I 

RCCT-~EA~-s;u&~E E~~c~ • 
QF 

30t'J<, .d]:;J 
I 3. l 

ROOT-.'lfAN-:iJUA~C: Pi:KC~:IT c;,\RwR " 
JF 

6.:.111 
I 3. I 

118 10 •• pp 316-Jl 71 

llBILI., Pl' 316-3171 

llBILI., PP 316-3171 

---------------------- ---------------------------------------
iNECUAl!TY COEFFIC!ENf 

~r 

0.20d4 
l 2. I 

ISEE THEIL,(1965),"ECCN~~lC FORECASTS ANO POLICY•, PP 32-331 

----------------------------------------------------------------------------------· 

[\.) 
[\.) 

w 



APPENDIX H 

EX POST SIMULATION--THE SEAKS MODEL 

224 



FOP.TRAN IV Gl RELE.l.SE 2.0 USF~ ()AH: • 77093 21/H/Ol 

c 

0001 
0002 
0003 
0004 
0005 

"' 
IP .. 
w .. 
H '" 

Sll8ROUT !NE uSEi!.. !PRINT ,il.tlSo t 1,:11 
DIM~NSION PRINT 150,501, RHS ISJl 
C8W>1Ci~ !Nol::l,IP 
RETURN 
i:NJ 

EX POST SH'.ULATIOJ>: IL9H-l9701---SE.\KS '10DELt2SLSI 
SIMULH!C;,, IYP2 IS 5. 
THERE &RE ll. ENJJGENJUS VARIABLES A~() 15. EXOGENOUS VARIABLES IN THE SYSTEH 
THE SIHlJL.),T!Otl PARMiETE~S ARE O.O OoO O.O 
fHl5 IS VEi!.S[J,I 4 JF TrHS PACKAGE JATEO 10-LS-6S 

o. 492 .. o.4n p 

o.2n Go.> -J955.,100 CNST 
0.2 71 NI -4243.00') CNST 
0.296 l -1459.JOO Ct~ST 

27t.l .000 CNST 
-0.09d Kll 

0.28.2 Nill 
0.925 HL l 

folO'lEL STRUCTU'\E 

0.4l0 CLL 
0.651 IPLl 

x • -1~oso.000 c~sr o. 351.1 1 wr 0.589 WP! -0.149 PTE 1. 702 Hill 
D 
l 
Nl 
;> 
GDP 
K 

-
D 

"' 
"' .. 
,. 

CNST 
T 
I Pi..1 

O.OOL GOP -zZ>.'lJO CNST 0 .94 7 OL l 
l.JOO IP L.OQO TC 

-1.000 D 1.000 GOP -L.OOD T 
-1.DOO lo l .OJJ Nl -1.000 l 

1. uOO C -L.000 ~ l.uOO X 
-1.000 0 l.000 l L.000 Kll 

INITIAL VALUES CF EXCGE~OUS VA~lAoLES 

t.JOOJ 
5b72.0i>Oi.l 
lu4 l .oooo 

IWT 
l 
~Ill 

50000.000·) 
t J!l 5 .ilOOO 

34308. 0090 

WP 1 
G 
11Ll · 

l.000 [ 

99000.0000 
9193.0000 
7655.0000 

1.000 G 

PTE 
Cll 
Oll 

343!>0.0JOJ 
2862ll.OOOO 

1892.0000 

PAGE J)Ol 

17.000 

lG 
KLL 
IGL l 

o.o 

2605.)000 
703t..OOOO 
2197.)000 

N 
N 
Ln 



LAGGED ENDOGENOUS VARlA8LES 
PRlOO\ LOC.l.TION POSTERiuR LOC.1.TlON 

1 20 
11 Zl 

2 2l 
d 2l 
4 24 
b 2.5 
0 0 
0 0 

OETEl'M!NA:-JT = O.lJlOOOOF+Ol*lO** J 
NEW AH5 POSITIONS t..'.J 'IALUcS .3.;lE 

13~3000.0000 l4900JJ.3QOJ 1517150.0000 Lb 22l4.0000 17 1l 9b. JOJJ 13 13~5.ooco 19LOe3a.oooo z~ 26>5.o:ioa 
NE ..I RHS PUS tr l •J:-.iS ~"W V~LdES .l.V.E 

13~7000.0000 t4?dOJJ.JCOO 1540100.0JJO L6 2620.0JJO 17 7040.0000 18 ZOOb.0000 1911183.0000 26 2224.0000 
NEW RHS Pus1r1o~s t;,Q VALUES A:>.E 

l3b3000.0000 14~•¢~-~·#·· 15~3~~0.JJ)J 16 3100.0000 17 8070.0000 18 2776.0000 1913265.00JO Z~ 2SZO.OJOO 
NEW RH5 P0SITIDN5 I~~ VALUES ARE 

l3b&Ofl0.000U !4•••••••••• lS5d4lO.OOOO 16 3393.0000 17 8168.0000 18 2i74.JOOO 1913~74.0030 26 llJ0.0000 
NE·..; ii.HS POSI ri l"lS A;,.) VALUES A«E 

1365000.0000 l499JOJ.OOJO l565J70.QOOO 16 4417.oooo lT ~~11.00)0 13 3214.JOOO 1914121.0000 26 3393.0000 
NE~ RHS POS!TIU~S A'~il \IALU~S D.kE 

llb900J.OJU0 l49701J.OO~J 1577210.0000 16 ~762.0000 1710673.JOOO 18 3666.0000 1914852.0000 26 4417.0000 
NE~ MH~ P0Sll!ON5 A~J VALUES AKE 

13/COQ0.0000 !49~000.00JO 1513350.0000 16 4777.oooo 1711110.COOO 18 4052.0000 1914776.00JO 26 47~2.0JOO 
NEW RtiS PlJSl TIUNS AN•) \IALUE5 ARE 

1380000.0000 1497J0').0000 1sa213o.oooo 16 5b34.oooo 1711613.oaoo lS l~?a.oooa 1~15~91.00::>0 26 4771.0000 
NEW MHS POSITIONS A:I[) \/~LUES A«E 

!3850CO.OCOO l4910J).0JJJ 1535010.0000 16 5703.0000 1Tl3~7~.00)0 13 3~23.)000 1916797.0000 26 5~34.0000 
NEW RhS P05lll015 A••J VALUES .l.ME 

l391COO.OOOO 14QBJJ~.OJ08 15~dl20.0000 16 6234.0000 1712125.00JO 18 5128.0000 1917014.0000 26 57::13.0000 
NEW RHS PUS! l 1'1~S M1D 'J.l.LU[S A.<E 

t3••~~~••*~* 144~~~~••$*9 ts~·~~·o~~•• 16 5816.0000 1711)64.0000 ld 7127.0000 1916651.00JO 26 623~.0JOO 
NEW RHS POSITIONS l~lD VALUES ARE 

13~•••*•~··~ 14*••~·••$•~ l53osso.oooo lo 6291.0000 L711~0~.oooo 16 12z5.oooo 1918167.aooo 2~ 5616.oooo 
NEW RHS POSIT[QNS :.NJ VAluES Al{E 

l3"i;o;*;.;.*'~~~'" 14•*•••••••• 1591200.00JO 16 845d.OOOO 1720716.0000 ld 7538.0000 1919095.0000 26 6291.0000 
NEW RHS POS!TiONS :.:;J VALUES ar.E 

13••••••••*• l~•••~•••••• LS94520.l000 lblLl44.oooo 1723142.oooo ia d47o.oooo 19205a1.oooo 26 845e.oooo 
NEW RHS POSITIONS A•J ~ALUES ARE 

13•~••••**** 14*•~*••••,• l596090.00JO L6llbb2.0000 17275?1.0000 16l0176.0000 1922682.JOOO 2611144.0000 
NEW RHS POSITIONS Al'.D VALUES ARE 

13**•••~*••* 14*•*•<-•~••• lS*****••••• 1615071.0000 17>0~94.0000 l3l2915 .oo 00 1924837.0000 2613b62.0000 
NEii RHS POSITIO'lS A'l<l VALUES l\RE 

13********** l4•••~•••••• 15********~* 1620~>4.0000 1733~65.0000 lal5528.0000 1925717.0000 26l507l.OOOO 

0 o. 0 

0 o.o 

0 a.a 

0 o.o 

Q c.o 

0 o.o 

0 o.o 

0 o.o 

0 o. 0 

0 o.o 

) o.o 

0 o.o 

0 o.o 

a o.:> 

0 o.o 

0 o.o 

0 o.o 

0 

0 

'.) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o.o 

o.o 

::i .J 

o.o 

o.o 

o.a 

o.o 

o.o 

o.o 

o.o 

o.o 

o. 0 

o.a 

o.o 

o.o 

o.o 

o.o 

N 
N 

°' 



VARIABLE c 
ABSOLUTE 

OBSERVED VALUE FORECASTEO VALUE '\E S(()U~L PERCENTA~E cRROR 

1. 31051.0CO 307'1'1.'ilS 257.:la? ) .63 
2. 33'H6.0:JO 3)88.l.664 32.) 31> 0. l::l 
3. 363<;9. ()J.) l6d0l .431 -442.437 l.22 ... 3635-J.OC:J 465 LJ. 1)4) -'i65l .04~ Zb. LB 
5. Hod LOO•) S~6l/.055 -19934.0SS 50.23 
6. 42'l?6.0')() bo9d6.375 -HJlll .375 55.iH-.. 44'JSL.OO.) 694<,5.937 -244~4. ~H S<+. 4) 
a. 46624.000 1>9574.062 -22950.062 49. 22 
9. 49764 .. cco 63041.523 -l32l7.5Zl 21>.66 

lO. 5315 3. 0 Ou 53102.28'1 50. 711 ::l .09 
ll. 57543.oou '>1901.434 15041.566 21. 18 
l 2. 65683.0CJ 3422' •• 2<>2 3145il.7B '+7 .89 
13. 101'7 2 .ooo 3l'>92.9:>u 38179. 070 5;.79 
14. 75345.000 431.,.5;;,531 3 lilS·) .'.l>~ 42. 28 
15. 80723.0CO 7240}.750 8H9 .25') l'.l. 3l 
l 6. 8d377.00L) ll7b7l.3l2 -292')~. ~12 33.15 
l 7. '13'128.llCJ 173045 .375 -79117.375 84.23 
18. 100945. cco 22d88l.250 -12 7 93:>. 25:l 12:0.74 

TEST CRITERIA FOR EVALUATING HJlfl-EQJArtaN StMULATIO~ ~)DELS. 

HEAN-ASSOLUTE-cR~OR 

OF 
2c,s2a.2;1>1 

(18.l 
iSEE PINOVCK & RU8l~FEL0w!l9761,•ECONO~ETRIC ~ODELS ANO ECONOMIC FORECASTSh, PP 316-3171 

HEAN-ASSOLUTE-PEil.i:.e .• r ER;i.J~ .. 
ai= 

38.4166 
116 .1 

ROOT-HEAN-S~UARE E~KGR • 
OF 

9570. 7500 
ua. 1 

/ 

ROOT-MEAN-SOUARE PE~CcNT ERROR • 
OF 

INECUALITY COEFFICIE~T 
o~ 

0.7357 
'l7. l 

11. 7356 
( u. l 

llBJO., PP 316-3171 

11810., PP 316-3171 

(1810., pp llb-3171 

(SEE THEIL,119651,"ECONOMIC FORECASTS ANO POLICY•, PP 32-361 

-------·------~------------------··--------------------------------------------------------------------------

N 
N 
-..J 
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1. 
z. 
3. 
4. 
5. 

"'· 7. 
a. 
9. 

10. 
l l. 
\2. 
l3. 
14. 
15. 
lo. 
l 7. 
18. 

VARIABLE [? 

oasERV ED v ALUE 

4057. OCil 
5107 .000 
33J3.000 
42Ul.OCO 
4057 .0CO 
4350. OCJ 
5631,,.0CO 
l7b9.000 
86 l.'.,. OG1 
94t,Q. 0 00 
9a76.00il 

1382!:.. oco 
1%51.000 
ZOU l .000 
z3ns. oca 
26949 .000 
2 8599. 0 00 
30237.0CO 

FORECASlED VALUE 

2614.0JS 
2195.127 
353J .32'• 
776~.lll 

l40'-'•· 7JS 
L77:H.d09 
l 798'). 95} 
lSlCll.66'.l 
9157.043 

577.5'-.7 
-93e5.'>20 

-lb63'l.'l41 
-1(!401.363 
-[ ld l4.9 l8 

5003.352 
3loC3.102 
63320.azs 
932"7.SOO 

ilE SDUt..L 

1442.%2 
23tl.un 
-227. 321, 

-3565 .Zll 
-<:l'!d7. ?6'.> 

-L33ll:J .dJ9 
-1235'.>.~53 

-7'1l2.6oO 
-S'-.3.J43 
8662. 1,53 

190'.l. 520 
30'-o5.9H 
30J52. 363 
3 l 'JU5. 918 
18H4.b4il 
-4654.102 

-347Zt.a2a 
-l>30l0.5Jil 

A8SOUHE 
PERCENTA::;e ERROR 

)5 .57 
45. v 

b.68 
84.87 

246.19 
301 • 79 
2U.3l 
l 0 t. 59 

6.30 
9}.aS 

l qe,. 79 
22).35 
193.6~ 

156. 5 7 
73.92 
11. 27 

121.41 
2Q3 .:H 

TESY CRlTERlA fOR EVALUAllNG HULTl-E~JATlJN SlMULAf!O~ ~JOELS. 

ME AN-AB SOL UTE-ERf1.0R 
i)f 

l6Ho.~2St:I 

l 18. I 
CSE~ PlNOfC~ & RJSl~fELO,(l976lo"~CJ~O~ETRIC ~OJELS AND ECONOHl~ FORECASTS"• PP 316-3171 

HEAN-A~SOLUTE-PERCENf ER~JP. • 
Of 

130.1661 
l 16.; 

ROOT-MEAN-SQUARE E~RJa • 
Of 

5~28.7383 

llS. i 

ROUT-HEAN-SQUARE PE~CcNT ERRJR • 
Of 

lNECUAL ITV COEFftC IE~~T s 
Df 

0.%02 
I l7 •I 

:H.1763 
I LS. I 

(1810., pp 316-3171 

I 11! 10., Pl> 316-3171 

ltBlD., PP 3L6-3171 

ISEE THEIL,(19651."ECONOHlC FORECASTS ANO POLICY"• PP lZ-381 

N 
N 
\.D 
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VARlABLE ;.i 

AS SOLUTE 
OBSERVED VALUE fORc~ASTcD VALUE RESIDJAL" PERCE~TAGE ER~OR 

1. 14745.000 H'l72.785 -227. 785 1. 5'• 
2. 11645.0CO 16271.c!Ol 13H. l'H 7. 78 
3. l'ltJ67.0CO 18627.551. 439.449 z .]'.) 
4. 2044t.OOtJ 24752.066 -43ll.06(, 21 .o'l 
s. 2L4·v •• oco 35035.av. -D60t .a;·. !d .4& 
6. 22859.000 t.1525. 773 -18666. 773 81. 61> 
1. na ,., • ooo 't254·•-~ 11 -is1;,ac..917 70.33 
8. 25472.0CO 4194't.4l4 -16472 .41'. 1:.4.67 
9. 27742.000 37009.l'•L -10061.141 H.B 

10. 30303.000 30lod.'/'lJ l'l ... 0'• T 0.64 
ll. )3J54.0DO l2197.965 l 1C.%.J35 34.43 
12. 38938.t)t)Q l70t0.6'l9 2L 'H7. jQl %.37 
13. 43268. oco l6 1t90.<!5'< 21:.7?7.141 6L.89 
14. 47324.0CO z41u.1n 2.3212.227 4~.os 
ts. 52311.000 4518<>. 734 7 l'lO.Zct> 13.13 
10. 5 B 11. 0 CO 7850). 750 -21212. 75:l 37 .U 
l7. 63614.0CO lJ.'>t;,54.8i2 -Sb(hQ, il <Z s~.10 
18. 70141.000 l!>OBH .375 -90Hi:I. 375 129. 37 

TESf CRITERI' fO~ EV~LUATIN~ MULTI-EQUATION SIMULATION MOOELS. 

KEA~r-ABSOLUTE-E~ROR 

Of 
19050.2969 

119. l 
!SEE S>PIOVCK £, ~UBl'IFEL0ol'l9761o"ECONOMETl\IC MODELS ANO ECO~OMIC FORECASTS", ;>p :Hb-3171 

~EAN-ABSOLUTc-PERCENT ERROR • 
OF 

45.9390 
11a.1 

ROO Y-MEAN-SOUARE E Rf<.:J~ " 
OF 

c.a10.6'l5l 
t re. 1 

ROOT-MEAN-SOUARE PERCENT ERROR • 
OF 

tNEOUALllY COEFFICIENT 
OF 

0.7197 
117.1 

13.5519 
( 18.) 

11810., PP 316-3171 

11810., PP 316-3171 

11810., pp 316-3171 

ISEE THEIL,119651,"ECONOMIC FORECASTS ANO PJLlCY", PP 32-381 

l'V 
w 
f-' 



w 
y 

160879.375 -. .. 

V.6265.931 

131652.500 -. 

• 
117039.062 -. 

102425.625 -. 

87612.1875 -. 

• 
73l98. 7500 -

+ 

+ 

58565.3125 - • + 

+ 

... 
43971.8750 - • .. lo 

• • • + 
• + 

29358.4315 - 0 
+ + 

• to + • • 
+ + 

0 0 • • 
14745.0000 -0 ••••••••••••••••••••••••••••••••• ~·································································· x 

XSCALE" 
YSCALE• 

I 
L .JOJO 

O. lb9999%E•JO 
0.29!268 7~C:•04 

I 
Z.7000 

I I 
4.4000 6.LOOO 1.8000 

+ " JBSEKVE;) 

I 
9.5000 11. 2000 

• • PREOIC TEO 

I 
12.9000 

I 
14.6000 

I 
lb .3000 

I 
16 .oooo 

i'V 
w 
i'V 



l. 
z. 
3. 
4. 
s. 
6. 
1. 
a. 
9. 

lo. 
t l. 
12. 
l). 

14. 
15. 
lb. 
17 .. 
ie. 

VARIABLE !4 

OBSERVED V~LUE 

a 1a1. o co 
86 l 'l. C OJ 
7246.000 
'JO ll .000 
9397. or,o 

112 a S. 0 <JO 
llSSJ.OOJ 
12312.000 
l3b42. G Otl 
ts 12 L. o ua 
15&06.0CO 
lll 0 12. 0 co 
230 3,;. oco 
24793. cco 
'.H063.000 
4-1603 .ooo 
47915.000 
1>0816.000 

FORECASTEO VALUE 

7165.906 
b654.34'.) 
1>574. 723 
7831..406 

10<;4t. .dOS 
152l'l.352. 
1931.3.152 
22'>9':i .4'lb 
23725.261 
22345.J<;J 
182.ci7.b~a 

12258.250 
b}0).051 
3376.52il 
6i,31.375 

l 7 d 8 2. 9 3J 
382b4.9H 
b"/555.500 

RES[DUAL 

l 015. 09't 
1964.660 

67l.2.77 
1174.594 

-1549.305 
-3931.352 
-71%. 152 

-10123.<',% 
-10 O<J 3. 2 Bl 
-7 U5. 398 
-v .. a1.1>"a 
65H. 750 

17529."J<',9 
2141!> ·'•I» 
24623.625 
23 920 .070 

9650.0!>2 
-67J7. 500 

ABSOLUTE 
PERCENTAGE ERROR 

lZ .41 
22.. 79 

ii:~! 
lb. 49 
34.t13 
67. 52 
Sl.63 
73 .91 
47.76 
11 .1a 
31, .si. 
H.56 
86 .38 
n.21 
57. 22 
2J .14 
11. 08 

TEST CRITERIA FOR EVALUAfl~G MULTI-EQUATION SIMULATION MODELS. 

kEAN-ASSCLUTE-ERRC~ 

OF 
8dl3.a'l45 

11 a .1 
tSEE PIN:IYCK & RU31NFELO,ll97!.l,"ECONOl1ETRIC '40DELS ANO EC01i0'1l::; FORECASTS", PP 316-3171 

MEAN-A~SOLUTE-PE~CENT E~ROR • 
CF 

42.1964 
116 .1 

11810., pp 316-3171 

-~-----~--------------------------------------------~-------------------------------------------------~----------------------------
ROOT-MEAN-SOUARE EµRO~ • 

Df 
270.l. 7627 

t 18.) 

ROOT-MEAN-SQUARE PERC~'T ERRJR • 
i)f 

INECUALITY COEFFICIENT 
OF 

0.6738 
117 .1 

U.9002 
I 18. I 

t 18 IO., PP Ho-3171 

tl811)., PP 316-3171 

CSEE THEIL,ll9o51r"ECONOMIC FORECASTS ANO POLICY,., PP lZ-381 

N 
w 
w 



M 
y 

67555.4375 -. .. 

6lU7.'H8l -. + 

54719.6836 -. 

48301.7891 -. + 

lt188l.S94S -. + 

• 
35466.0000 

+ 

29048. lll55 -. 

+ 
• + 

22630. 2109 - • • • . . . • • + . • 
16212.1164 -. + 

• + 
+ 

+ • .. + + 
9191.. 42 l 9 - • .. 

+ .. + 
• • + .. 

• • • 
3376.5278 - .......................••....................•........•..........•..........•.••.....•....•..•....... l( 

XSCALE• 
YSCALE• 

I 
l .JO')O 

0.169'l'l9% E+O:> 
O.l2H5793E .. :>4 

I 
2.1000 

I 
4. 4000 

I 
6.1000 

+ • lBSEl\VEl 

I 
7. 8000 

I 
9.5000 

I 
11.2000 

• • PR.EOICTEO 

I 
12.9):):> 

I 
l't.o:>OO 

I 
lt:. .3000 

I 
18.0000 

I\.) 

w 
~ 



VAR lA!lLE l( 

ABSOLUTE 
case.WED VALUE fORECASTEO VALUE ltESiuUAL PERCE~TA~E ERROR 

1. 5753.0CO 3788.035 1964.965 34 -1~ 
2. 4320.000 4464.328 -14t..ci28 3.35 
3. 5333.CCO 3979.493 1353.501 25 .38 
4. 576a.oco 7223.270 -1455. 270 25.23 
5. bj45.000 '1251.109 -2106.109 41. 35 
6. 79o3.0C~ 6631>. 187 1331.dll lo. 11 
7. 8327.000 6831.445 1415.555 l1.96 
8. 9538.000 ll03J.043 -15J0.;}43 15. b5 
9. 10947.000 l Oc5l. Tt.2 293 .25d z .oa 

10. ll838.000 13475.bU, -1637.676 Ll. 83 
11. 15740.000 l43ti4.Z81 l 355.? u e. 6t 
12. 1920Z.OCO 19410.266 -203.Zo'> l.OS 
13. 24J3d.OOO 23792.352 245.64d l. 02 
14. 28511.0CO 2"/953.477 025.523 2.l9 
15. 33Jj3.0CO 3 3656. 090 -323. 090 0.97 
16. 428Q9.000 427H.7ll 30.289 o. 07 
17. 51236.000 5355.1.320 -23l7.H:> ,. .52 
18. 65996.000 o38l7.L0'.1 2ns.an 3. 3() 

TEST C~lTERlA FOR EVALUAflNG HULTl-EQJATION SlHULAf IO~ MlOELS. 

HEAN-A6SOLUTE-ER~OR 

OF 
ll75.9ob8 

I 18. I 
(SEE PINOYCK £. RUtH:'>IFELD.1197!> l."ECONO:-IETRlC ~OOELS A'lO eco-.a•u: F<HECASTS"• PP :H6-3l 7l. 

HEAN-ABSO!..UT E-PEKC EN:f Er<~OR " 
OF 

12.1150 
(LS.) 

ROOl-HEAN-SOUA~E E~KC~ • 
JF 

33b.73bl 
ua.1 

ROOT-MEAN-SOU~~E PERCc~r fRKJR • 
OF 

INEQUALITY COEFFIC!E~f 
OF 

o.5626 
ll 7. I 

4.0547 
( 18. l 

llBlO., PP 316-3171 

llSIO •• PP 316-317> 

llSIO., PP 316-3171 

(SEE THElL.(l9b51,•ECONOH!C FORECASTS ANO POllCY•, PP 32-JS) 

N 
w 
U1 



'I 

65995.9315 -. 

·-

59775. L 719 - • 

5355io.:HH -

41333. 5859 -

4Hl2..1930 

34892.0000 -

281> 71. 2070 -

22450.4141 -

16229 .62 ll -

10008. 8261 -
• .. 

• + 
+ .. .. • • 

• + 

x 

... 

.. 
• • 

• 0 + .. 

• 
+ 

0 

.. 
• 

0 

0 

+ 

• 

• 
+ 

37SS.Q)5~ -••••••+•••••*•••••••••••••••••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••••••a•••••• X 

XSCALE" 
\'SCALE• 

I 
l. OJ')') 

O.lb9'H99bE•JO 
0.1244159lE•J4 

I 
2.1000 

I 
4.loOOO 

I 
6.1000 

+ " U8SERVED 

I 
r.aooo 

I 
9.5000 

I 
11.2000 

• • ?REDICfEO 

I 
lZ.9000 

I 
14. 6000 

I 
16.3000 

I 
16.0000 

" 

N 
w 
O'\ 



t. 
2. 
3. 
4. 
5. 
6. 
?. 
a. 
9.: 

10. 
11. 
12. 
13. 
14. 
15. 
l.6. 
17. 
ta. 

VARIABLE i) 

01\SERVEO VALUE 

2236.0CO 
2271J .OOt> 
2310.00J 
2422.00) 
lb 14 .Q QI) 

2332. OCJ 
. 334J. 000 
392il.OCJ 
4.:,1:>. OCJ 
49L5.CCO 
562:J .OOJ 
bid?. 0 00 
69 34 .OCJ 
7bH. ooo 
8517.0 co 
96.:.9.000 

1058i!.OCO 
11990.000 

FOR EC AS TED VALUE 

1613.050 
1355. 244 
lll5.7H 

90'l. 318 
"(35.515 
sn .a22 
426. 343 
282 .:;oJ 
13l.62d 
-25.163 

-l91.6lt! 
-354. 542 
-49·1.515 
-605.184 
-646. 413 
-602.404 
-4t.'.) .946 
-262.746 

~E SlOU4l 

622.~4~ 

922. 15<> 
l l94.2b5 
1512.622 
193d.485 
2255.lH 
2'll3.IJ51 
3645. '.:17 
4234.371 
4950. l 60 
5dl9.i>25 
6711.SB 
7433. 5\,2 
324L.18<+ 
91:,3.41) 

10 251. 402 
1!057 .'145 
12252. 7<.2 

ABSOLUTE 
PERCENTAGE ERROR 

21.86 
·'tO. 51 
51.70 
62.45 
72. 49 
79.63 
87.24 
92. ill 
97.02 

lOJ.51 
103.40 
105.52 
101. 20 
107.92 
107. 59 
iOb. 24 
104. 44 
i.02.19 

iEST CR!TERlA Fu~ EVALVATING HULTl-EQ~ATION SIHULAfION MJOELS • 

. t\E AN-A8S0L UTE-ERi{OR 
Of 

5290.!>719 
( 18. I 

ISEE P!NOYCK t RJdl~FELO.tl97~1.•eco~oMETRIC ~O)ELS ANO ECONO~IC FJRECASTs•. PP 316-3171 

HEAN-ABSOLUTE-i'ERCEN r ERROR = 
OF 

J6.4854 
I 18. I 

(!BIO •• PP 316-3171 

_______________________________________ ... ____________________________ _.. ___________________________________ _; _________ _ 
ROOT-HF.AN-SOUARE E~Rui!. z 

)f 
151'>.1396 

118. I 

ROOT-HEAN-SOUARE PERCENT ERRQa • 
aF 

lNECUAllTV COEFF!C!E~T 
OF 

o. 96 l 7 
( 17 .1 

Zl.1918 
I 1.8. I 

CJBIU., PP Jl6-3l7l 

II S lO. • PP 316-317 I 

ISEE THEIL.11965),•ECONOHIC FORECASTS ANO POLICY•. PP 32-3$1 

------------~--------------------------------------------------------------------------

[\.) 

w 
-...] 



0 
't 

11989.9922 -. + 

10726. 3516 -. 
+ 

.. 
94b2.1l09 

.. 
iH99 .070) - • 

.. 
6935.4297 + 

+ 

5671.7891 -. + 

.. 
4408 .1431t .. 

.. 
.. 

ll44.509B . .. . .. .. .. .. .. 
iaaq.8689 

• 
* • • 

6l?.22tl0 • • • • 
••••••••••••••••••o•••••••••~••••••••••••••••~•*•••••••••o••••••••••••••••••••••••••••••••••••••••••• 

XSCAlE" 
VS CALE• 

• • • • • • 
-646.412d -·•••••o••••••••••••••••••~•••••••••••••~•••••••••••••••••••••••••••••••~••••••••••*•••••••••••••••••• X 

l .QJOC) 

O.l69999%Et-OO 
0.252728:ZOE+-03 

I 
.L7000 

I 
4.4000 

I 
6.1000 

t- • JSSERVEO 

I 
1.eooo 

I 
c;.sooo 

I 
11.2000 

* • PRcOICTEO 

I 
12.9000 

I 
Ft. 6000 

I 
lb .3000 

I 
18.0000 

N 
w 
co 



VARIABLE 
ABSOLUTE 

OBSERVED VALUE FORECASTEO VALUE RESlDJAl PERCE~TAGE ER~OR 

1. 6662.000 5219.031 1442.969 21.66 
2- 73 3l. UCO 5019 .125 2311.875 ll.. 54 
JI. 5123.0CO 6350.316 -1227. 316 2} .9!> 
4. 7301.000 lOtlbb.20.S -35o5. 203 48.83 
5. 7450. 0 CJ 17437.781 -9937.71;1 134 .Ob 
6. 87b 7 .000 22155.dOS -13 3ii8. :105 152.72 
1. 103%.00J Z275l.'H5 -12 355 .9.:.5 llS. 85 
a. 12506.0CO 20t.73.656 -791.! .!>5!> 62 .97 
9. l42't3 .o 00 1479 L.035 - 543. OJ5 3.81 

10. 15143.000 628J.5H 8 862 .4b) 58.53 
11. 15910. 000 -3l3t.539 19041.539 llil .68 
12. 19642.00J -10823.953 304()5.953 155.11 
13. 25942. oco -12110.375 38052. 375 146.68 
14. 28629. OuO -33%.922 319135.922 u1.n 
15. 341382.000 16147.340 18734.66J 53. 7l 
16. 406 Ll. c 00 4521>5.09'o -4654.091t ll .46 
1.7. 43670.000 78391.t!l2 -34 72 l. 812 n.51 
18. 5067l.OOO • 113681-500 -t.3010.500 124. 35 

TEST CR!Tc~lA FU~ EVALUATI~~ HUlTl-EQUATlON SIHULATlON HOlELS. 

MEAN-ABSOLUTE-E~ROR • 
OF 

l6792.4S44 
1111. J • 

ISEE Pl:-.IOYCK & ~UH~FEL0111976> 1"ECCl'llOKETRlC MODELS ANO ECO:\IOHIC FORECASTS•, PP ll6-31T> 

HEAN-A6SOLUTE-PERCENf ERROK • 
OF 

Sl.0639 
118.1 

. ROOT-HEAN-SOUA~E El<ROR " 
OF 

5529.1211 
I 18. I 

ROOT-HEAN-SOUARE PERCENT ERhOR " 
OF 

lNEOUALlTY COEFFICIENT 
OF 

o.7o89 
117.) 

22.5276 
118.) 

. -----------------~~~ 
·n.s10 •• PP 316-3171 

llUIO., PP 316-3171 

llBlO., PP 316-3171 

ISEE JHEll1lli6Sl,•ECONJHlC FORECASTS A~D ?lllCY"1 PP 112-381 

~ 
w 
l.O 



v 

113681-250 • 

101102.125 -. 

88 s2.3. 0000 - • 

• 
759.r,3.8750 -. 

63364. 7266 - • 

+ 
50785. SC.30 -. 

• 
+ 

+ , . 
38206.3594 -. ... 

+ 
+ 

25627 .1758 - • • • • ... 
• • ... + • 

13047.9922 -. + + .. + 
+ + + + 

0 .. 0 • 
~68.609b -~•••••••~•••••••••••••••••••••••~••••••••••••••••••••••••••••••••••••••e••••••••••••••••••••••••••••• • • 

• 
-lZll0.3750 --~·•••m••••••••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••*••••••••••••••••••••••••••••• X 

I 
·4.'tOOO 

l 
6.1000 

I 
7.1)000 

I 
9.5000 

I I 
12.9000 

I 
H.6000 

I 
16.3000 

I 

XS CALE• 
YSCALfa 

1 .OJO') 
0.16q999S6i:+ 00 
O.Z5156374C:,.04 

I 
2.1000 

+ " iJ6ScRVEO 

u. 2000 18 .oooo 

°' .. PREO re ·reo N 
~ 
0 



.. 
VARIABLE ~· . ASSOLUTE 
OBSERVED VALUE FORECASTED VALUE RESIDUAL PERCENfAGE ERROR 

1. 3b57b,000 3't54S.934 2021.0bb 5. 54 
z. 3<1312.0CO 389'd.9lJ -687.1l) l.80 
). 41802.000 42983.">H -lLtll.672 2. 83 
4. 43710.000 bl001,.6!)') -1735a.605 39. H 
5. 4od u. o co 7'lc29.lH -3)016. ldl 70 .53 
b. 496!5.000 8418'.> .'l 37 -34570.')37 b'l. 68 
7. 529<>3. 000 a:l433 .od7 -3047:l.&a1 57.53 
a. 56144.0CJ 82025. 562 -25 83't. 562 t,:) .10 
9. 607dl.OOO :>dSO'l .£50 -7"128.25) 12.H 

10. bt.207. oco 5 46 5&. GS'J 9550.'l4l l<t .ea 
ll. 725t.B.00fJ 399t,6. 91.9 329Jl. OSl ,., • lb 

12. J4'.>&5.oo.:; 3617:!.021 4S39l • .H9 51. 22 
l3. 9025t. oco 3;;l)7.l6"1 52ll'.l.3l2 57.74 
14. 97502 .ooo 63689 .477 33dl2.523 34.68 
15. !06803. 000 llld5d.8l2 -7055.<ll2 b.bl 
lb. 115:.3&.CCO lS3527.375 -6S09 l •. J.75 59 .H 
17. 124t14.000 Zb 103:1.181 -l36d64.llH uo. 22 
18. l3bS56. OCO 3311.33.937 -194282.937 141.96 

TEST CRITERIA FOR EVALJATING MULTl-EQUATllN SIMULATION HJ)ELS. 

MEAN-ABSOLUTE-ERROR 
OF 

1<J:l8S.3203 
118.) 

lSEE Pl~OYCK t RU3l~FEL~.(1976l,"ECON0METRIC HO)ELS ANO ECONOMIC FORECASTS"• PP ~l~-3171 

HEAN-ABSOLUTE-PERCENT ER.R:JR " 
OF 

4b.3273 
I lS. l 

ROOT-KEAN-SOUARE ERR~~ • 
OF 

l4'l8ti.5937 
( l8.) 

ROOT-MEAN-SOUARE PERCcNT ERR•JR a 

OF 

INECUAL ITY COE FF IC lE~IT 
OF 

0.74Zb 
11 7. ) 

l3.'l3SO 
118.) 

I Ill !D., PP 3lb-317 I 

(1810., PP 3lb-3171 

l 1810., PP 316-3171 

ISEE THEIL,(19651."ECONOMIC FORECASTS AND POLICY"• PP 32-381 

N 
,j:>. 
I-' 



Nt 
y 

331lla.375 • 

301479.437 

271820. 500 

• 
242161.562 -. 

212502.625 -. 

182843.687 -. • 

153lll4.750 -. 

123525.812 

93866.8750 

64207.9l8:J 

34543.9336 -0 ••••••••••••••••••••••••••••• ft·······································~···········~·················· x 

XSCALE• 
YSCALE• 

i.ovou 
0.16'/999%c•JO 
0.593179o9E•04 

I I I I I I I I I I 
2.1000 4.4000 6.1000 1.$000 9.5000 11.2000 12.9000 14.6000 16.3000 18.0000 

+ • OBSERVED • • PR.EO!CTEO 

['V 

""' ['V 



VARlAtlLE p 
ABSJLUTE 

OBSERVED VALUE FO~E:1sr20 VALUE RESIDUAL PERCE~TAGE ERROR 

1. 20430.000 ltHBC.133 2 25'- .867 11.03 
2. l 'J2d2. OQO 21343.121 -2Q6t .l.2l 10 .69 
3. 2072-1.000 22 350. t 56 -1621.156 1. 62 
4. 204"13.000 ::ns-.o .so<t -Lli.l'. 7 .5•1'> 63.67 
s. 2~405.0CO 4tot'l. 62l -i.9414.t.H 8!>.b5 
6. 234d2.0CO 39~8u.J5') -15904 • .359 67. 73 
1. 25431. OCJ 3 7222 .d'il -ll1JJ.d9l 46 .32 
8. 26620.0CO 36032.32 ... -9412. 324 JS .31> 
9. 29llt.OOO 26772 • .!LS 2313. 765 e. 03 

10. 302.!l. oco ;:oa&4.223 9356. 771 D .9o 
u. 33d6&.000 1262 l. 0 59 2 l.~44. '141 62.n 
1:2. 31:!45J.OOO 12035 .9~'.J, 26414.047 68.70 
1 ~. 3975cl. oco 141,,lt.343 2533!>.!>52 6) .73 
14. 42640.000 32039.tll(, 10600.184 24 .8!> 
15. t.5956.00.) C.0202 .2'l9 -l4246.23il 31. 00 
16. 47943.000 94761.750 -463ld.75) 97.66 
17. '-1745.000 l2.i5bd.562 -so d23. 562 169.28 
18. 51187.0CO '1!>4731.562 -1035-'.4.562 202.29 

resr CRITERIA ~OR EVALUATl~G HULTl-EQU~TION SlHULATION HODELS. 

MEAN-ABSOLUTE-ERROR 
OF 

z:n23.sc.2s 
ll6. I 

!SEE PlNOYCK t RU6l~FELD,ll9761,"ECO~OMETRIC ~ODELS AND ECONOMIC FORECASTS", PP 316-3171 

MEAN-ABSOLUTE-PERCENT ER~OM • 
OF 

60.4727 
ll8. I 

ROO T-MEAN-SOUARE E Rki.H. "' 
OF 

8367.4o::l9 
I 18. I 

ROOT-MEAN-SQUARE PtRCENT ERKOR a 

OF 

INEOUALITY COEFFICIENT 
OF 

0.8413 
( l 7.) 

lll. 7802 
(l6. l 

llB!Q., PP 316-3171 

([6[0., PP 316-3171 

CIBIO., PP 316-3171 

<SEE THElL.119651,"ECONOHlC FORECASTS ANO POLICY~, PP 32-38J 

!'V 
,{:>. 

w 
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VARIABLE GOP 
4SSOLUfE 

OBSERVED VALUE FOREC AS r ED VALU e RESIOU/\L PERCENT~GE ERROR 

1. 4'•484. oco 41633. d 79 2650.l2l 5 .9~ 
2. 47 ldi>.OOO 47551.lOS 234.J95 0.49 
3. 5l 752. DC•) 5113'J.391 12.~0~ J.02 
4. 54202.000 70';;4/.875 -l 5o'.5. a 75 :n .23 
5. . 5J255.000 69 332. 75J -31077./50 53.35 
6. 6n&4. oco 94679.6tH -32315.~tll s1.a2 
7. 61>'>76.00::l 94532.675 -27551>.<>15 41. 14 
a. 7 l l d 2. 0 00 9342J.937 -22233.931 31.24 
9. 76510. OCJ 6025J.. dl2 -.l44J.Sl2 'o.46 

!O. 8<:410.COO o7'lO:J.dl2 14501. lo7 l 7. f,Q 

u. 906Cl. OCO 5UldJ.2'i4 38720.l46 42. 74 
12. 102H,6. JO;) 47203.00J 55 162. 992 53 .Sil 
13. ll 50ti'l. 0 00 5554t.sa2 59 5:, 7 • 1.1a 51.74 
l '-- 125355.0CO 3360.).250 'o2054. 75J 33.42 
15. 136462.0CO 136354. 312 2101.637 l .SZ 
16. 152676.COJ 2lOS15 .931 -5783].'137 37.88 
17. l65 756. OC:l 291562.250 -125ao:1o.zs,:> 75.SO 
18. 1825ll.OOO 364541.062 -18.2030.062: 99.74 

TEST C~ITERlA fO~ EV~LUATIN~ MULTI-EQUATION SIMULATION HOOELS. 

MEAN-AUSCLUTE-ERRQR 
OF 

39bl9.3008 
I ta. I 

ISEE PlNOYCK & RU~lNFELD.119761,"ECONa~ETRIC ~OOELS ANO ECO~O~lC FORECASTS", ~p 316-3171 

HEAN-ASSOLUT E-PERC ENT El<.~OR = 
OF 

35.1.?0l 
!13. I 

ROOT-~EAN-SOUAP.E ERKCR 3 

OF 
14263.0917 

118. I 

ROOT-Mc AN-SQUARE p ERCc~IT ERK.JR "' 
OF 

10.4068 
'18.) 

11610 •• pp 316-317> 

110!0., PP 316-3171 

liSiO., PP 316-3171 

-----------------------------·--..... ----------------""' __ ... __________________________________________________ ------
lNECUALITY COEFFICIENT 

OF 
Q.6742 
1 l7. I 

ISEE THEl1.rll9b5),"ECONOMIC FORECASTS ANO POLICY"• PP 32-381 

N 
~ 
Ul 



GOP 
y 

36't540. 750 - • • 

332270.G62 -. 

299999.375 -. 

• 

2.67728.t.87 -. 

235458.000 - • 

• 
2031B7.3t2 -. 

+ 

170916. 625 
+ 

+ 

138645 .. 937 0 

+ 

+ 
106375.2:)0 -. 

+ 
• • .. + 

* • • + 
74104.5625 -. + + 

• + • 
+ + 

0 + • • 
0 • 

, 
4163).8781 -Q•••••••••••••••••e•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• X 

XSCALE• 
YSCALE• 

I 
l.OOJO 

o. tb9'1'J9%C:•oo 
O.b454l4C6E•04 

I 
2. 70.:10 

I 
"· 4000 

I 
6.100•) 

+ • J8SERVEO 

I 
7.6000 

I 
9.5000 

I 
u.2000 

• • PRED lC TEO 

I 
12.9000 

I 
llo.6000 

I 
lC..3000 

I 
18.0000 

N 

""" O'I 



VAR!AtlLE I(. 

06SERVEO VALUE 

l. 11462 .ooo 
2. 16515. 000 
3. 19~23.000 

4. 24207.000 
5. .2d'l83. 00() 
b. )49td.OCO 
1. 41914.000 
a. 50612.000 

"· 1;0444.000 
10. 70<>62.000 
11. 80944. 000 
12. 94l6'l.OOO 
lJ. U31 '7. 000 
14. 1341.1..'l. oco 
15. 160534.0\.JO 
lb. l'lL4'l6. OCO 
17. 224578.000 
18. 263259. 0 00 

FORECASTED VALUE 

l0b4l.9H 
l't305 .84'• 
i95t,J.l,l4 
2'l't'l7.23i 
46l'ii1.496 
6777:3. 375 
~0103.875 

11 oz<J-i. ca 1 
12495:J. ''3"/. 
13 L2o4.4H 
l2i:l32'•· 312 
ll 7d54.6d7 
10&243.!.dl 
10H9l. 750 
120265.437 
166152.750 
245014.312 
35B95a .437 

RESIDUAL 

820.027 
220'1.156 
-212. 4l't 

-5290.23:J 
-L72t6.'t96 
-32 ~6Q. 3 75 
-4tl lZ'l.U75 
-59637.~dT 

-l4St.:..931 
-606,)2.437 
-47330.312 
-236!h. 637 

6933.H2 
30671. 25'.l 
4024d.562 
25343.250 

-20436. 312 
-95 699. 437 

ABSOLUTE 
PERCENTAGE ERRJR 

7.15 
13. 38 
l. 10 

21.85 
s:; .4c 
'i'o. lt 

114.67 
117.93 
l0!>.74 
lb. 1b 
5fi.53 
25.15 
6.13 

n .ab 
25.07 
i3 •. 23 
~.lJ 

36.35 

TEST CRlTEKIA FO~ EV4LUATIN~ MULTI-EQUATION SIMULATION MODELS. 

MEAN-ABSOLUTE-ER~CR 
DF 

323)0.4297 
( 18 • l 

ISEE PlNDYC~ t RU~l~FELO.ll97bl,"ECONOHETR1C ~OOELS AND ECO~O~lC FORECASTS"• ~p 316-3171 

HEAN-ABSOLUT E-f'E:J.C ENT cRRCR • 
JF 

ROOT-MEAN-SQUARE ERRJ~ • 
JF 

4S.4735 
11:1.1 

9743.1523 
I l8. l 

11810., PP 316-3171 

11810 •• pp 316-3171 

~~~~-~~----------------------------------------~----------------~-~-~~~--~--~-~~---------~~~----~--------------

ROOT-MEAN-SOUARE PERCENT ERROR m 

Of 

INEOUALITY COEFFICIENT 
OF 

o.3959 
I 17. I 

14.2'·27 
llS. I 

11810 •• pp )16-3171 

(SEE THEIL,119651,"ECONOHIC FORECASTS ANO POLICY•, PP 32-381 

['V 

~ 
-..! 



K. 
y 

358958.250 -. • 

324120.625 -. 

za9z9s.oou -. 

+ 
254463.375 -. 

• 

+ 
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