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ABSTRACT

The paper presents the basics of a new and flexible approach to statistically modelling the
activities of multi-sectora economies (Tran Van Hoa, 1992) and applies it to study
Investment in five mgor East Asan countries (ie, China, Indonesia, Korea, Maaysia and
Thailand) during the period 1970-1993 using recent World Bank databases. The approach
dominates the computable genera equilibrium method in its data-consistent structure.

The paper aso describes the fundamentas of the new two-stage hierarchical information
(2SHI) estimation and forecasting theory (Tran Van Hoa, 1985, 1986a, 1993b, Tran Van
Hoa and Chaturvedi, 1988, 1990, 1997) and its superior MSE properties for the genera
linear model and reports substantive empirical findings on estimates and ex-post forecasts
of investment in these countries.

Brief discussons on the foundation of aternative current estimation and forecasting
methodologies in economic modelling and policy uses, on the significance of our empirica
findings, and a comparison with results obtained from well-known methods such as the
OLS, the maximum likelihood and the positive-part Stein (or empirica Bayes) will aso be
provided.



1 I ntroduction

The standard theories of economics, internationd finance, transnationd corporations, and within the
accounting framework of the United Nations Standardized Nationd Accounts (SNA) sipulate that investment
plays a crucid role in influencing microeconomic decisons and macroeconomic activity, nationa output growth
and economic development, and in shaping fiscd and monetary policy Oornbusch and Fischer, 1990) and
economic reforms in many developed, newly indudtridized and especidly developing countries (World Bank,
1991). Corporate and private strategies for business development and expanson in a home or host economy
depend on this crucia rolein aWiener-Granger causal sense. Asa result, arigorous study and discussions of the
movements or trends of these economic aggregates and their empirica relationships ether in a higorica context
or in future predictions are amply judtified.

The purpose of our paper isthregfold. Firdt, it contributes to macroeconomic anadlyss in general and
to international business, financid sudies, transnationd corporations, and development economics in particular,
by rigoroudy investigating the causd structure and empirical forecasts of a mgor macroaggregate, namely,
invesment, in some mgor and growing economies in the East Asian region. Once a casud effect has been
established, remedies may be found for restoring investment to a level conducive to promotion of growth and
other activities dependent on investment. The countries included in this study at this stage are three mgor
economiesin East Asa, namely China, Indonesia, Korea, Maaysia, and Thailand. The testable causal structure is
based upon the conventiona dynamic multi-equation Keynesian theory and the SNA framework.

The second purpose is methodologicd in nature in that the paper departs from the gpplied econometric
modelling gpproaches using conventionad multiple regressons, smultaneous equations, or seemingly  unrelated
regressons, and makes use of a farly ample and flexible economy-wide modelling approach based on the
cdculus of differentid analyss in economics (Tran Van Hoa, 1992a, 1992d) to provide the fundamenta
equations in the reduced form for better estimation and forecasting of investment. The success of this new
approach is assessed viaits modeling performance.

Finaly, as a contribution to gpplications of recent advances in the datistica theory of forecasting to a
better formulation of forward planning policy and srategies in finance, economics, and business in the case of
China, Indonesia, Korea, Mdaysia, and Thailand, forecasts of investment based on the empiricd Bayes or
hierarchicd information (Tran Van Hoa, Tran Van Hoa, 1985, 1986a, 1993b, Tran Van Hoa and Chaturvedi,
1988, 1990) theories under different plausible scenarios are made and compared to other conventional methods.
More specificaly, the ex post performance (or accuracy) of these forecadts in the context of average mean
squared forecasting errors (MSE) or Wald risk criteria is then evaluated against more traditiona forecasts based
on the ordinary least squares, the maximum likelihood, or the explicit Baranchik, 1973) postive Stein-like
(Anderson, 1984) methodologies.

The implications from our paper are twofold. Firg, if the modelling success of our gpproach is relatively
uperlative -- in terms of its empiricd fit and turning point predictions -- then its superiority is confirmed.
Secondly, if, based on the same model and dataset, a substantia improvement is achieved by the 2SHI methods
in relation to other conventiona procedures currently in use, then our findings will, in addition, point to a new
direction of rigorous forecasting analyss for finance, economics, and business andysts in their everyday Srategic
corporate and individua planning gpplications to investment.



2 Multi-Sectoral Modelling of I nvestment

In an economy with interdependent sectors and activities, investment could be argued to be dependent on
many varied interna and externd, economic and non-economic factors in a linear, nonlinear, or mixed form.
Congder for illudration in this paper a smple well-known generic five-equation Keynesian macroeconomic
model of an economy
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where C = private find consumption expenditure, Y = gross domestic product or GDP, | = private gross fixed
capital expenditure, D = externd debts, G = public expenditure, X = exports of goods and services, IM =
imports of goods and services, YW = world income, TT = the terms of trade of the country, and R = short-term
money market interest rate or its equivaent or proxy varigble (eg, the US prime rate). The a's denote the
gructurdl parameters, and the u's the error terms. All value variables are expressed in terms of their constant
1987 prices.

The model  (1)-(5) is a dynamic macroeconomic mode (FPindyck and Rubinfeld, 1991) for an open
economy and takes into account (a) a partia adjustment process in consumption behaviour encompassing the
hypotheses of relative and permanent income, liquid assets, wedlth, and life cycles in the sense of Duesenberry,
Friedman, and Modigliani, (b) a flexible accderator investment behaviour, augmented by foreign capitd
borrowings (see for further detail Tran Van Hoa and Harvie, 1998) and user’s cogts, (C) trade openness through
exports and imports regulated by foreign and domestic demand conditions and price relaivities and (d) relevance
of the government sector.

In the modd, consumption, investment , exports, imports and GDP are endogenous, and there are nine
exegoneous and predetermined variables.

It can be verified that, using the order condition for identifigbility or mathematical consstency in the theory
of econometrics, the investment equation (2) in the modd isidentified. Asaresult, it can be written in its complete
differentid form (see Allen, 1960) in the reduced form as (see Tran Van Hoa, 1992a and 1992d, Harvie and
Tran Van Hoa, 1993)

1% = all + al2 C%-1 + al3Y %y-1 + al4R%; + al5R%t-1

+al6D%y + al7Y W% + al8TT%; +aloG%; + el (6)



where 1%, C%, Y%, R%, D%, YW%, TT% and G% indicate the rate of changeof I, C, Y,R, D, YW, TT
and G respectively, d sindicate the reduced form parameters, and el is the new error term.

Equation (6) characterizes the investment relationship from the five-equation macroeconomic modd (1)-
(5) above. By conventiond definition, the parameters from this equation are in fact either gatic (or dynamic)
eladticities associated with ether current (or lagged) variables included init.

The derivation of (6) by means of totd differentiation of an arbitrarily functiond relationship is smple and,
more importantly, consstent with the procedure usudly adopted for the neoclasscad macroeconomic modes of
the applied or computable general equilibrium kind. In these neo-classcad modds, the endogenous and
exogenous variables in the economy are linked by a (usudly first order) gpproximeate transmisson mechanism in
terms of the dadticities. There are however at least five important differences between our investment equation
given in (6) above and the investment specification from gpplied or computable generd equilibrium  Johansen-
classmodds

Fird, in our case, the important linking eladticities have to be estimated for the modd as a whole using
economic time series data and possbly other extraneous (prior) information such as policy switches or externd
non-economic factors. Our equation given in (6) thus is completely data-based, dthough clearly we do not
preclude the use of prior or extraneous information (in the form of an ail crigs or amgor war for example) in the
equation in other theoretica or judgemental contexts.

Secondly, in view of the above arguments, our modd is capable of accommodating sub- and add-factors
as wdl as dructura change and other ingtitutiond considerations (for a discusson supporting the use of these
factorsin macroeconomic models, see Johansen, 1982).

Thirdly, our equation must be mathematically consstent as required by the identifiability conditions for
complete systems of structural Smultaneous equations in the theory of econometrics.

Fourthly, by its congtruct, our modelling approach encompasses a wide class of linear and nonlinear
multi-equation econometric models in which the exact functiona form of each of theindividud structura equations
isas usua unknown or needs not be specified.

Findly, for an important group of economic variables whose firg differences in logs are approximatey
equivaent to the rates of change, our equations by their construct include as the specid cases the Granger-
Wiener short term causdity if these rates of changes are 1(0) and the co-integration or long-term equations of the
Engle-Granger (1987) class (see Tran Van Hoa, 1993c, and Harvie and Tran Van Hoa, 1993, for further detail)
if the rates of change are (2).

To evduate the performance of (a) the investment equation in this macroeconomic model and (b) our
forecasting methodology using red-life data from five mgor economies in East Asia, we have fitted the equation
(6) to datafor the period 1970 to 1995 five sdected countries. China, Indonesia, Korea, Mdaysia, and Thailand.
This will optimdly produce the necessary dadlicity estimates. These estimates are then used in a comparative
study which is based on stochastic Smulation to measure the relative MSE  performance or operationd accuracy
of our modelling equation and aso of our new forecasting agpproach in relation to other current methodologies.



3 Alternative Estimating and For ecasting M ethodologies

The investment equation in differentid and reduced form as given in (6) can be written more generdly
with asampling sze T and k independent variables (possble causes) in matrix notation as

y = Z B + u @)
(Tx1) (Txk) (kx1) (Tx1)

where y=1% or Y%, Z=the rate of changes of the exogenous and predetermined variables (both static and
dynamic), I3 =the parameters, and u the disturbance satisfying dl standard atistica assumptions.

To edimate (7) which is essentidly a generd linear modd (7) for dructura or behaviord analyss or for
direct forecasting and policy analyss (see Pindyck nd Rubinfeld, 1991), we can use the OLS, or, a a more
efficent levd, any of the explicit (Baranchik, 1973) Stein or Stein-rule methods as described below.

More specificdly, usng (7), the basc and most well known method to produce estimates and forecasts
of y (or1%) isthe OLS estimator of (3 (denoted by b) and iswritten as

b = (2201zy (8)

A more sophisticated and efficient method is the explicit Stein estimator of 3 (Baranchik, 1973) that is
given by

Bs =[1- cy-Zb)(y-Zb)bZ'Zb] b
=[1- c(1-R3/RY b 9)

where c is a characterizing scdar and defined in the range O < ¢ < 2(k-2)/(T-k+2), and R? is the square of the
sample multiple corrdaion coefficient.

A dill more efficient method is the explicit postive-part Stein estimator of 3 (Anderson, 1984) which is
defined as

Res=[1-min{1, oly-Zb)(y-ZbybZ'Zb}] b
=[1-min{1, c(1-R)/R3] b (10)

A new method to obtain estimates and forecasts of 3 in (7) with better properties has been proposed
(see Tran Van Hoa, 1985, Tran Van Hoa and Chaturvedi, 1988 and 1990). It isin a dlass of explicit improved
Stein-rule or empirical Bayes [dso known as two-stage hierarchicd-information (2SHI)] estimators for some
linear regresson modds. This estimator includes the explicit Stein and the double k-class (Ullah and Ullah, 1981)
estimators as subsets (Tran Van Hoa, 1993b). Other applications of the Stein, Stein rule, and 2SHI estimators to
linear regresson models with non-spherica disturbances and to Zdlner’s seemingly unrelated regresson modd
have aso been made (see Tran Van Hoa et a, 19933, in the case of regressons with nonspherica disturbances,
and Tran Van Hoa, 1992b, and 1992d, in the case of seemingly unrelated regressions).



The explicit 2SHI estimator is defined as

Rh=[1- c(1-R?)/R? - c(1-RA/ R¥(1+c(1-R2)/R2)}] b (11)
and its positive-part counterpart (Tran Van Hoa, 19864) is given by

R+h=[1-min{1, o(1-R/RS - { V((ReIc(1-R?)) + 1)}] b (12)

While dl the estimators given above can be gpplied to the generd linear modd (7) for structura and
forecasting andysis, their relative performance in terms of historical, ex post or ex ante (Pindyck and Rubinfeld,
1991) forecasting MSE can differ. Thus, it is well-known that, in MSE and for k 3 3and T 3 k + 2, 3s
dominates (that is it performs better in forecasting MSE) b, and 3s is dominated by [3+s (Baranchik, 1973,
Anderson, 1984). However, it has dso been demondrated (Tran Van Hoa, 1985, Tran Van Hoa and
Chaturvedi, 1988) that, in MSE, 3h dominates both b and (3s, and more importantly, (3+h dominates [3+s (Tran
Van Hoa, 19864a).

A further important path-breaking result of the 2SHI theory has recently been proved (see Tran Van Hoa
and Chaturvedi, 1997): the dominance of the 2SHI over the OLS and Stein exists anywherein therange 0 < c <
2(k-1)/(T-k). This indicates that the 2SHI method produces better (in terms of smaller Walk risk or generdized
Pitman nearness) estimates and forecasts even if the estimating and forecasting equation has only one independent
vaigbleinit. The condition for the optimal Stein dominance in the linear equation up to now requires that
0 < ¢ < 2(k-2)/(T-k+2) [ see Anderson, 1984].

While some gpplication of these forecasting methodologies to predictions of economic activity in some
developed countries such as Audtrdia (see Tran Van Hoa, 1992d) has been made, the extent of the sgnificance
of the MSE dominance, or equivdently, the informationa gain or relaive forecasting success between the
dternative estimators above has not been investigated explicitly within an open trade theoretica framework and
an empirica context using more recent economic data for the mgor economies in East Asa This issue is taken
up in the study below for the five economies with highly fluctuating invesment and spectacular growth but are
very senstive to foreign trade and capitd flows in the region (see Tran Van Hoa and Harvie, 1998).

Ancther interesting feature of our study is that, Snce al data from the Asan countries have as usud a
sndl sample dze, our study is therefore designed to look a the finite sample performance of dternative
forecasting methods.

Findly, since the poor quaity of economic data from the Asian countries and other less developed
countries (LDC) economies is well known, one by product of our study is that we in fact investigate the
performance of the dternative forecasts in the case of serious measurement errors on the variables of the
macromodd of an economy however it is defined.

The substantive findings reported below are based on the five-equation macroeconomic modd described
ealier in (1)-(5), and the appropriate estimating equation to produce eladticity parameters or the forecasting
equation to produce policy impact is given in (6) for investment. In addition, a number of well known forecasting
methods is used to compare their relative performance for decison analyss.



4 A Comparative Analysis of Alternative Forecasts

In our study, we have fitted the investment equation in differential and reduced form (6) of the modd (1)-
(5) to annud data from China, Indonesa, Korea, Mdaysa, and Thailand. The origind dataset is from 1970 to
1997, but the effective (ie, after alowing for missing or datisticaly incompatible data) sample period is 1980 to
1995, giving, when the dynamic (lag) structure is taken into account, a sample sze of up to 15 observations for
each variable. In our comparative study, only the OLS or ML, the positive-part Stein, and the positive-part 2SHI
forecasts of investment are used.

The data are in red terms at the constant 1987 prices and obtained from the 1997 World Bank World
Tables Ada Pecific database, usng Audtrdia s DX extracting procedure. The performance of our reduced form
investment equations is determined solely from their good fit, correct turning point predictions and forecasting
MSE.

Other research strategy of our study includes a number of important festures.

Fird, to investigate the possible accuracy improvement or informationa gain under different Stuations
from the data, the ex post forecasts Pindyck and Rubinfdd, 1991) of investment from our macroeconomic
modd are derived rather pragmaticaly, for alack of larger samples, for 1, 2 and 3 years only ahead. These are
cdled Subsamples 1, 2, and 3 respectively. In other words, for our investment equation which has 15
observations and nine parameters to be estimated, the ex post forecasts are made respectively 1, 2 and 3 years
ahead from 1991. The consistency of our ex post forecasts (which are based on the same historical smulation
period), if existent, describes to some extent the possible presence of rationdity (ie, the forecasts match the data
generating process) in the forecasting investment equations.

Secondly, for each of these subsamples, the M SE of the forecasts from (6) is computed from a sochastic
amulation and is based on 100 (smdler or larger sSmulations yielded smilar results) Satidticd trids. In stochastic
smulation, both the estimated parameters and the disturbances are dlowed to vary from trid to triad (see Pindyck
and Rubinfeld, 1991, for further detail). The distributions used to generate these parameter and disturbance tria-
to-trial variations are based upon their OL S-based (Monte Carlo) sample distributions with 500 repetitions.

Findly, in the case of the disturbance or error term distribution, the smulation for each subsample takes
respectively the vaue of &, 10<, and 100, where & is the sample disturbance variance. This drategy is
adopted to investigate the impact of the size of the disturbance variances (or the sze of the measurement errors
on the possble causes or the mispecification of the invesment function) on the rdaive performance of the
various forecasting methodologies in our investment equation. This kind of andyss is particularly gpplicable to
data from the LDCs, asiswdl known.

Thus, in our empirica study, the ex post forecasting MSE is obtained, by stochastic smulation, for atotal
of 45 sets of investment forecasts in differentid and reduced form, different from each other in terms of the
forecasting sample size, s2 (the disturbance variance), and the country of origin.

The relative performance of the OLS, positive-part Stein (3+s, and positive-part 2SHI (3+h estimators for
each of these equations and for each of the five countries (Ching, Indonesia, Korea, Maaysia, and Thailand) in
East Asia between 1980 and 1995 is given in Tables 1-5. Relative performance between say the OLS and the
positive-pat Stein is defined formdly as R(b/l3+s) = 100 MSE(b) / MSE([3+s) -1], and dominance or



informationd gain in ex post forecasting MSE of 3+s over b exists whenever ex post forecasting R(b/ 3+s) 3
0, with equality somewhere in the parameter space. Similar results are used for other comparisons R(b/ (3+h) and
R([3+</ (3+h).

It can be further verified that, for the forecasting equation of the functiond form defined in (6) or (7),
when higtorical and future values of Z (the possible causes) are known, dominant ex post forecasting MSE
implied dominant ex ante forecasting MSE. This extension is useful for policy analysisinto the future.

For ex post forecagting, the relaive performance of the OLS, [3+s, and (3+h estimators for each of these
modelsis aso expressed in terms of its standard criteria such as mean per cent errors, RM S per cent errors, and
per cent improvement in ex post forecasting M SE or informationa gain (see Pindyck and Rubinfeld, 1991). Only
the informationa gain or forecasting accuracy improvement is given in Tables 1-5.

The relaive performance in ex post forecasting MSE between say the OLS-based forecasts and the
positive-part Stein-based forecasts, as reported in Tables 1-5, isin fact defined as R(b/(3+s) = 100[ (M SE(yb-y)
/| MSE(ysy))-1] with MSE(yb-y) being the MSE of the forecasting errors based on the OLS edtimates, and
MSE(ysy) being the MSE of the forecasting errors based on the podtive-pat Stein. The calculation of
MSE(yh-y) issmilar.

5 Modelling and I nformational Gain in Practice

From the empirical results of stochestic Smulation given in Tables 1-5, we observe thet the average R
vaues of 45 of our estimated investment equations are fairly high for the actua disturbance variance (from 91%
to 99.5%). This confirms the empirica modelling success of the modds.

In addition, investment in al five countriesin our study seems affected by interest rates and foreign factors
such as external debts, world demand conditions and the relativity between export and import prices.

In terms of forecasting accuracy and improvement, al values of the relative forecasting MSE criteria [ie,
R(ml/s), R(ml/h) and R(g/h)] for the 45 sets of investment forecasts for China, Indonesia, Korea, Mdaysia, and
Thailand, are greater than zero. In other words, the postive-part Stein-based forecasts of investment uniformly
dominate (or perform better than) the OL S-based forecasts. More spectacularly and significantly, the postive-
part Stein-based forecasts of investment which have been clamed in the Satistical literature to be unbestable are
in turn uniformly dominated by the postive-part 2SHI forecasts. Our findings establish the optima hierarchy for
selection of an appropriate forecasting theory for making better forward planning investment Strategies.

Some other interesting forecasting and methodological festures about the oberved investment behaviour
and trends in these five mgor East Adan countries are briefly described below (detailed comments on the
investment behaviour and trends as well as trade and business opportunities from our empirica results will be
reported elsewhere).

CHINA

The estimated investment equation for China during the historical period 1980-1990 has the highest R
vaue among the five countries in our study (at 99.5%). This indicates some measure of success of our multi-
sectord econometric moddling approach for the available data.



From the evidence in Table 1, the fluctuaions in investment in China during this period were affected
mainly by interest rates but world income (ranked 2), terms of trade (ranked 3), externd debts and government
expenditure (ranked 4) al had some impact. As far as the size of the impact is concerned, externa debts were a
positive but the least Sgnificant factor of investment.

Using our 2SHI methodologies for forecasting investment in the short (one year) and medium (3 years)
term for China, the informationa gain can be as high as 8.59% in rdation to the OLS and 4.01% in relation to the
pogitive-part Stein. The gain increases generdly with the Sze of the measurement errors on investmen.

INDONESIA

The R values for the estimated investment equation for Indonesia during 1980-1990 reach as high as
98.7%. This is a notch below the modelling success with China, but the value indicates nevertheless a credible
result for the modd.

From the findings reported in Table 2, investment in Indonesa during this period was determined by
(lagged) domestic income (ranked 1) and interest rates (ranked 2) and foreign demand or world income (ranked
3). Other factors (eg, past consumption, externa debts, terms of trade and government spending) hardly had any
effect on invesment. All effects on investment (except from lagged domestic income) were smdl or negligible
however.

The use of 2SHI for the investment equations for Indonesayields again of up to 19.18% in relation to
the OLS and up to 10.56% relative to the pogtive-pat Stein. Again, the improvement in smaler forecasting
MSE increases generdly with the increasing Size of measurement errors on investment.

KOREA

Data for Korea give two more observations in the dataset from 1980 to 1995, but for consstency in
comparison, the historia sample we used is gtill from 1980 to 1990. And the forecasting sample is still up to 3
years ahead, from 1993 to 1995. From Table 3, the R? values can be as high as 98.4% or as low as 91.0% (the
lowest R for dl 45 Smulation experiments).

Also from the results given in Table 3, investment in Korea during 1980-1990 was determined mainly by
interest rates (ranked 1) followed in the descending order by respectively world income or foreign demand,
government spending, terms of trade and externa debts. Among these variables, the only one with a large and
postive estimated eladticity is external debts (1.167). In other words, investment in Korea was driven by externd
debts and not by any other factors. If investment is congdered the main driving force of growth, then growth in
Korea was induced mainly by externa debts. The implications of this finding in the case of economic crises are
obvious.

The gpplication of the 2SHI methodologies to the investment equation here produces a gain of up to
36.46% in relation to the OLS and up to 14.07% relative to the postive-part Stein. The gain rises generaly with
the increase in measurement errors on investmen.



MALAYSA

Data for Maaysia are available only for the period 1980 to 1993. The R vaues for the investment
equation range however from 97.9% to 99.3%, avery high goodness of fit.

From the findings given Table 4, it gopears that fluctuations in investmnent during 1980 to 1990 were
very sendtive to the movements in the interest rates, followed by foreign demand conditions then lagged domestic
income. The only postive effects (dadticities) on invesment in Madaysa are this lagged domestic income
(15.889) and government expenditure (3.039). Growth (transmitted via increases in investment) here was driven
by domestic demand and government budget and much less by other factors, domestic or foreign.

In forecadting future investment movements, the 2SHI methodol ogies would provide an improvement in
accuracy by up to 22.59% compared to the OLS and up to 9% to the pogitive-part Stein. The improvement aso
rises generdly with the increases in measurement errors of investmen.

THAILAND

The data for Thalland are available from 1980 to 1995, giving again a sample size of 15. Using however
acongstent historial sample size of 10 (from 1980 to 1990), the R values for the estimated investment equation
range from 92.6% to 99.1%, indicating a good success in our model ling approach.

From the results given in Table 5, it gppears that interest rates played the most important part in the
movements of investment in Thaland during 1980 to 1990, followed in descending order by government
expenditure, lagged consumption, external debts, world demand for Thailand's exports, wedth (or lagged
domestic income), and theterms of of trade. Thailand’s growth (transmitted as usud via increases in investment)
was amost equally contributed by domestic consumption (9.318) and externa debts (7.031) and terms of trade
(3.542).

Using the conventiond OLS method of forecasting for investment in Thalland in this case would generate
an informationd loss of up to 20.40% in relation to the positive-part Stein and up to 40.14% relative to the 2SHI
theory.

The informationd gain of the 2SHI over the pogtive Stein is uniform in dl 9 smulation modes and of up
to 16.39%. The gain again rises generdly with increases in the measurement errors on investment.
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TABLE 1

Forecasting Investment in Five Major East Asan Economies
Results of Stochastic Simulation

CHINA: 1980 TO 1993

INVESTMENT

1% Equation Const C%;.q1 Y%i1 R%  RY%q D%
OLS Parameter -385% -3168 -2244 85796 170255 1.391
Average R?

0.993 0.992 0.989 0.993 0.991 0.992
OL S-based disturbance variance{s 12 s 22 s 32}

70.95 709.582 7095.82
Estimation period 1980t0 1990
Forecasting period

1991 to 1991 1991 to 1992

s12 5§22 s3? s12 5§22 s3?

Ex Post Forecasting Relative MSE - I nformational Gain (%)

R(ml/s) 352 38 433 315 373 325
Rimih) 696 745 843 624 739 635
RiSh) 332 347 393 300 353 300

YW% TT%

ez

12637 -7.055 4.106

0.995 0.991 0.991

1991 to 1993

sz 22
2.82 3.03
5.47 594
258 2.82

NOTES. b=0LS, 3s = positive-part Stein (STEIN), 3h = positive-part 2SHI. R(ml/s)=R(b/3s)= 100[M SE(b)/M SE(3s)-1], where
MSE(b) = E(b-R)'(b-R) with 3 calculated from the OL S estimates of each equation using 500 repetitions (with the error terms only
random from trial to trial), and used as the true parameter vector. Similarly for h and s, i.e, R(ml/h)=R(b/3h) and
R(s/h)=R(3s/3h). Relative efficiency in ex post forecasting MSE of say 3h over 3s exists whenever R(s/h) = R(3s/h) 3 0. s2 =
OLS-based disturbance variance. In our stochastic simulation study, all results are based on 100 statistical trials and c is
arbitrarily set ¢ = (k-2) /(T-k+2). All data are from the 1997 World Bank World Tables DX database. For the derivation of the 1%
equation above, see (6) in text. The parameter estimates of this equation are obtained as the mean parameters from 100

stochastic simulations with the equation variances equal the actual residual variance s2.

s 32

4.40
8.59
401



TABLE 2

Forecasting Investment in Five Major East Asan Economies
Results of Stochastic Simulation

INDONESIA: 1980 TO 1993

INVESTMENT
1% Equation Const C%;.q1 Y%;.1 R%; R%.q1 D%  YW% TT% Gy
OLS Parameter -0069 0000 -3165 0098 -0052 0000 0016 0003 0.000
Average R?
0.983 0.987 0.969 0985 0.971 0.979 0934 0.979 0.978

OL S-based disturbance variance{s 12 s 22 s 32}
0.594712E-03

Estimation period
Forecasting period
1991 to 1991

s12

5§22

0.594712E-02 0.594712E-01

1980 to 1990

1991 to 1992 1991 t0 1993
s 32 sz 22 s 32 sz 22 s 32

Ex Post Forecasting Relative MSE - I nformational Gain (%)

Riml/s) 575 683 939 783 1465 970 779 862 1074
Rimi/h) 1132 1356  17.29 1502 2676 1855 1487 1646 1918
R/slh) 5.27 630 722 667 1056 807 656 721 763
TABLE 3
Forecasting Investment in Five Major East Asan Economies
Results of Stochastic Simulation
KOREA: 1980 TO 1995
INVESTMENT
1% Equation Const C%q Y%q R¥% RY%q D%  YW% TT% Q%
OL S Parameter 35641 0029 0227 0972 -4694 1167 -4058 -1649 -2.026
Average R?
0984 0976 0971 0.978 0973 0975 0944 0910 0921

OL S-based disturbance variance{s 12 s 22 s 32}
463838 463838  4638.38

Estimation period
Forecasting period
1991 to 1991

s12?

s22

1980 to 1990

1991 to 1992 1993 t0 1995
s32 sz §22 s32 sz §22 s32

Ex Post Forecasting Relative MSE - I nformational Gain (%)

R(ml/s) 6.90
R(mi/h) 13.56
R/s/h) 623

8.89
17.32
7.75

1271 6.45 1374 1216 1642 1963 1913
23.66 11290 2525 2122 2993 3646 3475
9.71 455 1012 808 1161 1407 1311
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TABLE 4

Forecasting Investment in Five Major East Asan Economies
Results of Stochastic Simulation

MALAYSIA: 1980 TO 1993

INVESTMENT
1% Equation Const C%;.q1 Y%;.1 R%; R%.q1 D%  YW% TT% Gy
OLS Parameter 127509 -2826 15889 151138 -264.919 -2.025 -45.380 -1.04  3.039
Average R?
0.939 0.986 0.979 0.992 0.982 0.985 0.993 0.985 0.988

OL S-based disturbance variance{s 12 s 22 s 32}

155.089

Estimation period

Forecasting period
1991 to 1991
s12? S22

1550.89 15508.9
1980 to 1990
1991 to 1992 1991 to 1993
s32 sz §22 s32 sz §22 s32

Ex Post Forecasting Relative MSE - I nformational Gain (%)

Rml/s) 462 631
R(mi/h) 849 1176
R(g¥h) 369 513

1247 582 568 532 481 597 451

2259 1119 1011 1037 949 1145 829

9.00 507 419 4.79 447 517 361
TABLE S

Forecasting Investment in Five Major East Asian Economies
Results of Stochastic Smulation

THAILAND: 1980 TO 1995

INVESTMENT
1% Equation Const C%;.1 Y%.1 R%;  R¥%q D%  YWU% TT% Gy
OL S Parameter -23900 9138  -4509 -104.791-13.494 7.061 -6.824 3542 -10.755
Average R?
0989 0.985 0979 0.991 0978 0985 0.946 0926 0927

OL S-based disturbance variance{s 12 s 22 s 32}

132.355
Estimation period
Forecasting period

1991 to 1991
sl2 S22

132355 132355
1980 to 1990
1991 to 1992 1993 to 1995
s3? sl2 S22 s3? sl2 S22 s3?

Ex Post Forecasting Relative MSE - I nformational Gain (%)

Rmi/s) 597 6%
Rmi/h) 1128 1250
R(¥h) 501 518

518 4.39 525 510 1199 1837 2040
9.32 848 1015 943 2353 3652 4014
394 392 4.65 412 1030 1533 16.39



