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Yy, =a'x, = a.x
t t i=1 171t
or 2, =y, -a'x, =0 (1)

Thus z, given by (1) measures the extent to which the system is out of equilibrium and can
therefore be termed the ‘equilibrium error’. Hence if y, and it = a’x, are both I(1), then
the equilibrium error will be I(0) and 3 will rarely drift far from zero. In this case y, and
it must have long run components that virtually cancel out to produce equilibrium errors
z,. In such circumstances fct and y, are said to be cointegrated and in this case only
meaningful statistical inferences can be drawn by using the error correction models (ECM)
to transform the original regression problem in nonstationary variables. Engle and Granger

[13] have shown that if y, and x, are both I(d), then there exists an error correction

representation
AL)(1-L)dy, = -y, _, + KL)e
¥ = " t
where the error & is white noise, A(L), 4 K) are polynomial lag functions and 2, =2, -
a’x, is the residual from the cointegrating regression. A special case of this representation

occurs when d = 1 and &L) = 1, i.e., the error term € has no moving average part. The

ECM then appears as:
Ayt = bO + b’Axt - 7(yt_1 - a’xt_l) + € (2)

All terms here are I1(0), hence no difficulties of statistical inference arise. In the steady

state we have the long run equilibrium production behavior

yt = alxt + (b0/7)
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In case the inputs and outputs grow at a constant positive rate in the steady state, i.e.,
Ayt = &Y}, Axt = gx,, then the steady state expansion path takes the simple form
¥y = a’xt' + {(t) (3)

where f(t) depending on time t is a function of other parameters by, 7 b and g. Models of
this simple dynamic form (3) have been shown to be capable of being generated by
economic mechanisms based on minimizing adjustment costs in a partial manner as in

distributed lag models.

Tests of cointegration

In our analysis of the Korean growth process we apply the cointegration theory and
the ECM approach to two types of models. One is an aggregate model consisting of a
production function that has been extended to include exports as an additional argument;
the other is a two-sector model comprising exports and non-exports. The aggregate model
permits an estimation of the aggregate effects of exports on growth. It is applied to Korea
and five other selected economies in order to compare the exports coefficient across
different countries. The two-sector model is applied only to Korea. It is used to
empirically determine in which sector primary factors are more productive, i.e., to
determine the actual magnitudes of the marginal productivity coefficients. The two-sector
model also allows for the determination of direction and magnitudes of externality effects
across sectors.

Consider in the aggregate model, an extended production function with output (Y)

depending on capital (K), labor (L) and exports (X):

Y = H(K,L,X) (4)
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Clearly if output and input variables are all nonstationary and integrated of order one, i.e.,
they are I(1), then their first differences are all I(0). Therefore by taking time derivatives

of both sides of equation (4) one could derive:
Y =Hpl+H; L+ HyX (5)

where the dot over the variable denotes its time derivative and HK’HL’HX are the
marginal productivities of capital, labor and exports with I = K denoting investment. This
equation (5) has two flexible features. One is that this dynamic specification does not
suffer from the econometric objection of spurious correlation or regression, since all the
variables Y,I,L and X are stationary and hence the standard OLS results with t-statistics
retain their validity. This is quite different from the specification of Feder [16] and his

followers [29] who estimate the dynamic model in a growth rate form as
Y/Y = ay + a(I/Y) + a2(L/L) + aa(X/Y)(X/X)

Since the variables Y, L and X are nonstationary, the standard OLS regressions have
implications of doubtful validity. Secondly, the dynamic model (5) can be decomposed into
a two-sector version, where the externality impact of the export sector on the non-export
sector can be assessed both quantitatively and qualitatively. Thus we consider a simple

two-sector model as

N = F(Ky Ly X)
Y=N+X,K=Ky+ Ky, L=Ly+Ly
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with outputs X and N produced by the export sector and the rest of the economy (i.e., the
non-export sector) by using the two inputs K and L for the respective sectors. By taking

time derivatives one can then easily derive the dynamic specification as:

where the subscripts on F and G denote the marginal productivities of the respective inputs
- in the two sectors. Note that if all the sectoral variables are integrated of order one, their
first differences are integrated of order zero and hence the staﬁdard OLS regressions are
valid along with the t-statistics and R2 values, i.e., the regression equations have a
structural or equilibrium interpretation in the following sense: any deviations from the
equilibrium relationship would tend to zero on the average and this would happen very
frequently, since the regression variables are all stationary.

For the aggregate model (5) the OLS results for Korea are compared with those

obtained when the export variables (X) is left out. Thus we obtain

Y=C+dl+ /L
= -314.6 + 0.2061 + 0.029L R? = 0.568
(0.520) (4.553) (2.245) DW = 2.033, = 0.037
Y=C+a+fl+5X
= -208.9 + 0.1511 + 0.024L + 0.401X RZ=0641
(0.372) (2.875) (1.921) (1.805) DW = 1.965, p = 0.016

On the basis of these estimates the percentage contributions to output growth due to

different inputs appear as follows:
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I:56
L:22
X:22
(Here Y = 100)

Clearly the impact of the export sector’s role is very important, as much as the
contribution of human capital in the form of L. This suggests the existence of spillover
effects of labor productivity due to export externality which has been strongly emphasized
in the new growth theory [26][30] in recent times. Note that if we assume the externality
effect of exports is embodied as Harrod-neutral technical progress associated with labor

productivity, then the aggregate production function (4) can be expressed as
Y = H(K,AL), A = A(X)

where AL is augmented labor with A depending on exports, which permit learning by doing
effects of technical innovation.

To put the Korean estimation results in perspective the dynamic model
Y=C+al+fL+X

of the externality effect of exports is also estimated for a group of selected developing and
industrial countries in Table 3.

Here we have two export-oriented NICs in Asia, three mature industrial exporters
and one LDC represented by the Philippines. Clearly the externality effect of exports is
positive and statistically significant in all cases except Japan, where the export share of
national output is much lower compared to the others. The Korean case is unique in this

perspective in that both export growth and the export share of GDP are very high and
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exports grow at double the rate for output growth.

Table 3. Externality Effect of Exports on Growth

1967-86
Intercept [ I L X R* DW x/¥ &
Korea -208.9 0.151* - 0.024* 0.401* 0641 1.96 306 16.1
Taiwan 6.8*  0.094* - 0.050 0.438* 0.933 1.56 56.7 13.4
Japan -7.7*  0.615*  0.384* 0.119* 0.116 0690 198 129 8.7
Belgium  -314.8* 1.148 <0.001 0.631* 0.333* 0419 185 58.0 6.1
Germany  -190.0* 1.651 -0.003 0.028* 0.610* 0.447 244 28.3 3.3

(FRG) :

Philippines 0.7*  0.336* - 0.001 0.389* 0.407 1.52 216 4.2

Notes: 1. In case of the industrial countries in the sample an additional term 1% is introduced
to capture the nonlinearity effect.

2. X/Y = average share of exports in GDP; 8y = AX/X = rate of growth of exports
in constant prices, gy = AY/Y = rate of growth of total output in constant prices.

Next we consider the two-sector model (6) for estimating the intersectoral effects.
Note that the externality impact of the export sector on the nonexport sector may be
estimated by the marginal productivity parameter Fx and that of the nonexport sector on
the export sector by GN and hence the ratio Fx/ GN may be used as a measure of
dominance of the export vs. the nonexport sector if it is greater than one. The empirical

estimates for Korea are as follows:

Parameters  1064-83 1964-86 1969-86
Fyx 1.92 1.00 0.99
Gy 0.28 0.31 0.32

Fy/Gy 69 3.2 3.1

L1
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Clearly the externality effect of the export sector and its impact on the rest of the economy
is most dominant, i.e., it is roughly 3 to 7 times larger than the reverse effect and
furthermore the gap between the two externality effects is diminishing over time. This
superiority in marginal productivity effects of the export sector has been empirically
supported by other research workers in the field [31](32][14]. For instance Amsden [2]
identified for Korea three sources of growth effects, e.g., investment-embodying technology
new to the user, strong economies of scale and learning by doing. Lee [25] estimated by
using a dynamic neoclassical growth model for Korea that if 20% of GNP is used by the
government and 30% of it goes to public investment which favors export-intensive
products, then it generates a steady annual growth rate of at least 7.16% or more.

Now we perform cointegration tests on both the aggregate and two-sector models.
Engle and Granger [13] suggested seven possible cointegration tests, among them the Co-
integrating Regression Durbin Watson (CRDW) and the Dickey Fuller (DF) tests. In the
case of the CRDW, after running the co-integrating regression, the Durbin Watson statistic
is tested to see if the residuals appear stationary. If they are non-stationary, the Durbin
Watson will approach zero and thus the test rejects non-cointegration (finds cointegration)
if the DW is too big.

The DF tests the residuals of the co-integrating regression by running the following
auxiliary regression,

Be, =,y +uy, Qe =¢6—¢€ (M

Then the DF uses a test to determine whether or not 4 is zero or negative. The t
statistic for & is then the DF statistic. If §is found statistically to be equal to zero or
negative, then the null hypothesis of non-cointegration is 'rejected. The augmented DF test

runs the empirical regression of a more generalized form

Ae, =be,_, +bjAg_ + .. pret—p +u,




and performs a t-test to test whether or not § is significantly less than zero.

An alternative method of modelling a nonstationary time series with changing mean
and variance is to use integrated variables to define an ARCH (autoregressive conditional
heteroscedastic) model that has been widely applied in dynamic modelling of nonstationary
phenomena by Engle [11] and others [12]. Thus for a time series {y,} one decomposes the
stochastic process into its conditional mean and conditional variance as

_ 2 _ 2
V=B )+ oy =B (g)
where Et—l(yt) is the conditional mean and af is the conditional variance of the series in

year t both depending on the information set available up to the period t—1. The
generalized ARCH model uses the model

2 _ P9 P
at—a.0+.2 oe_; + 3

2
B.o0 .
i=1 j=1 1t

for testing the time-varying nature of variance. For p = 1 one obtains the time-varying

model for variance as
92 _ 2 y
oy =3g+ ae,_ ) +0,0,_, (8)

where ¢, =y, — p, and p, = Et—l(yt)' In case of our two sector model the errors ¢, are
estimated by the deviations of X and N from their mean levels in the respective original
cointegrating equations (6). Clearly if the condition &, + Z?l = 1 holds for the estimated
parameters &1, Bl then the volatility due to shocks is of a permanent nature, i.e., the null

hypothesis of cointegration cannot be rejected then.

i 3
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The empirical results of the different cointegration tests for Korea over the period

1964-86 may now be discussed for both the aggregate and sectoral models. In case of the

estimated aggregate model

o

Y, =c+al, + fL, + 3K, + ¢ R? = 0.641, DW = 2.033, = 0.037

the results are as follows:

Test DW  DW* ¢ t* Test of o
CRDW  2.033 0.455 - - Reject
DF - - 4.591 4.07 Reject

Note: 1. One asterisk denotes the critical value of the test statistic
for a=1%. In the case of the CRDW, this is the critical value
for q=3, i.e., three independent variables.
2. The null hypothesis for both tests is non-cointegration. Thus,
our results seem to reject Hy in favor of cointegration.

For the two-sector model (6) the results of the cointegration test appear as follows:




17

Nonexports sector (N)

Test DW  DW* t t#*  Test of Jo
CRDW 1916 0.511 - - Reject
Eq.(8) - - 0847  -L717  Accept

( al+ﬂl=1)

Exports sector (X)

CRDW 2.452 0.511 - - Reject
Eq.(8) - - -0.924 -1.717  Accept

( a1+ﬂ1=1)

Note: 1. One asterisk denotes the critical value of the DW statistic with 1%
level of significance. The null hypothesis here is non-cointegration.

2. Two asterisks denotes the critical value of t at 5% level and 2q.(8)
tests whether or not al+ﬂ1=1. Thus the null hypothesis of a

constant variance and by implication the cointegration of the
variables seems to be accepted here.

Clearly the statistical results from the cointegration tests above seem to support two broad
propositions. One is that the estimated parameters in the aggregate and sectoral models do
indeed reflect a long run equilibrium relationship between the variables involved.

Secondly, the growth model based on first differences seems to exhibit persistence in
variance, which implies that any exogenous shocks to the system due to technological
innovation would have permanent effects on output growth. We have to note in concluding
this section that we applied two other tests of cointegration mentioned by Engle and
Granger [13], e.g., the portmanteau statistic based on the autocorrelation coefficients of
residuals and the Box-Pierce statistic but since the results are not different they are not

discussed here. For some computational detail the reader may consult with Espada [15].
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Tests of demand dominance

Now we turn to the question: which of the two forces, demand or supply played a
more dominant role in the dynamic growth process of the Korean economy? Empirical
modeling of this issue involves disequilibrium analysis, since demand does not necessarily
equal supply in such a framework. Two types of econometric tests can be applied here.

One is by estimating the disequilibrium model

D =D(p,z;); S = S(pz,) (9)
Q = tmn(D,S)

where we consider for example a commodity market where demand (supply) is influenced
by price and an exogenous variable z, (z2 for supply) but both D and S are unobserved.
What is observed is Q which is the minimum of D and S. For macroeconomic situations
such a disequilibrium formulation in terms of labor and goods markets has been analyzed
by Benassy [5]. A second method is to consider which of the two constraints, the savings-
investment gap and the foreign exchange constraint has been binding on the rapid
economic growth in Korea. Since foreign exchange is the most important element of
demand growth and inadequate domestic savings the most important limitation on
capacity expansion of output, the disequilibrium denoted by Q = min(D,S) is replaced in
this approach by

g = min(g,,g,) (10)

where g is the observed growth rate of per capita income or output, g and g, are
respectively the foreign-exchange constrained growth rate and savings-constrained growth
rate of per capita output. Bacha [3] used this framework and distinguished between a
programming view and a structuralist view of export growth and its impact on national

income growth. In the programming view the net export ratio is viewed as a government




19

inst'rument in a standard Keynesian open-economy multiplier model and its optimal value
is chosen by policymakers by maximizing national growth rate subject to the capacity

constraints. In the structuralist view the maximum export ratio is lower than the desired
level and the foreign exchange constraint is binding so that there is less than full capacity
utilization. On applying Bacha's steady-state growth equation the following estimates are

obtained for Korea:

1967-76 197281 1977-8¢ 1967-86
8 12.07 10.86 8.75 10.69
84 9.31 8.52 - 815 9.32

Clearly the foreign exchange constraint has been binding (i.e., g 4$8,)- This view is also
confirmed by other independent estimates. For example Kwon [24] estimated an index of
capacity utilization rate of the Korean manufacturing sector over the period 1961-80 and
found that it rose from 0.46 during 1961-64 to about 0.75 in the 1970’s and almost to full
capacity in the late 1980’s. Although this capacity utilization index is defined as the ratio
of actual consumption of electricity to the maximum possible consumption, it is suggestive
of the general pattern. As Lee [25] noted that the Korean government exercises complete
control over the allocation of foreign loans between industries and sectors and because of
this the actual rates of growth of national income during the first three five-year plans in
Korea (1961-76) consistently exceeded the target rates set by the planners and did so
during the second five-year plan (1967-71). Thus the fundamental philosophy underlying
the planning process in Korea has been that the planners have always been prepared to
borrow abroad to achieve a target rate of growth, i.e., to pursue an expansionary demand
policy in order to maintain a high rate of growth.

In applying the test for the disequilibrium model (9) we convert it to a

macrodynamic framework and specify the demand supply functions in a growth rate form
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AD = F(I, AG)
AS = H(I,AL)
AQ = min(AD,AS)

Here the demand equation AD represents the typical Keynesian variables represented by
investment demand (I) and autonomous government expenditure (AG), where investment
demand includes both domestic and foreign demand. The supply equation is the
production function with capital and labor inputs. Estimating these two equations by
linear regressions for Korea over the period 1967-86 we obtain the estimated series of d =

AD and s = AS. Then to test whether d > s or s > d we obtain the following regression
d=a+bs

of estimated demand and supply. For Korea the following result is obtained

225.1 + 0.860*s, RZ =0.86, DW = 2.2
(1.8)  (1.3)

d

Clearly d < s, heﬁce q = AQ = d. A similar set of calculations for the other countries in

our sample produced the following results:

q=min(d,s) gyx=4X/X gy=AY/Y

Korea
Taiwan
Japan
Belgium
Philippines
Germany

1
1

An v oA
R Do
OB — =3 i =
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Clearly the demand factor was more binding in the dynamic growth process of the
successful NICs in Asia. Since this implied that the demand-induced growth was more
persistent, i.e., less volatile and the planners in Korea targeted it as a long run objective,
the response of supply was in the typical Keynesian fashion, i.e., increased capacity
utilization in the short run and building capacity ahead of demand in the long run. The
latter was greatly helped in Korea and Taiwan by a policy of low real interest rates and

significant increasing returns to scale.

Tests of increasing retyrns to scale

Increasing returns to scale (IRS) has played a prominent role in the new growth
theory. Two dimensions of scale economies are important for rapid economic growth. One
is the presence of significant IRS in modern production, especially in the export sector
which involves nonrival inputs to use a term due to Romer [30]. Nonrival input is one for
which subsequent units have a significantly lower unit costs of production than the first.

In the extreme case a nonrival input has a high cost of producing the first unit and a zero
cost for subsequent units, e.g., a new design for a microprocessor which can be replicated at
a negligible cost. The increasing use of such nonrival inputs has given a new dimension to
commercial and non-basic R&D research thus intensifying the competitiveness in
international trade. As Romer has pointed out that as a fraction of GDP Japan now
spends considerably more on commercial nonbasic R&D than does the U.S.

The second dimension of IRS focuses on the knowledge spillover effects which
improves labor productivity across the board. As Lucas [26] pointed out this may be the
most significant factor explaining the large difference in marginal productivity of capital
between an LDC and a developed economy, when the concept of capital is broadened to
include human capital. Thus the external benefits of human capital can be captured by

specifying the production function as

L
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y= Axﬁh7 (11)

where the three variables y, x and h denote output, physical and human capital per
effective worker respectively. The term h” is interpreted as an external effect, which
multiplies the productivity of a worker at any skill level just as the intercept term A. [t
has also a spillover effect on other workers.

A direct empirical test of the existence of IRS can be obtained by estimating an
aggregate production function with real GDP as the output variable (Y) and capital stock
(K) and employment (L) as the two aggregate input variables. Two major difficulties of
this approach are that the aggregate function may involve significant heterogeneity in the
way the variables are defined. Secondly, data on capital stock are not generally available
ina reliablé form from the official statistics. For the first difficulty we consider separately
a production function for the manufacturing sector in Korea for which data are available
from Kwon [24]. Secondly, we construct a series of capital stocks (Kt) based on investment
streams (It -i) and depreciation rate () by following the method proposed by Dadkhah-
Zahedi [9] as follows:

t—1 .
t
K, =1log 2 + 4 log if-.ﬂ (1-8)" I,_, +3log (1-6) + 4 log K,

The results of fitting unconstrained Cobb-Douglas productions for the successful NICs are

as follows:
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Constant  LogK Log L R? DW

Korea (1964-87) 2.599*  0.362* 1.563* 0.994 1.25
(8.98 (17.40)

Japan (1961-87) 0.076 0.429* 1.663* 0.998 2.00
(2.96) (2.72)

Taiwan (1958-87) 6.187 0.630* 1.825* 0.998 0.89
(2.82) (6.93)

Singapore (1960-80) 1.420 (o.soi* (1.48)1"‘ 0.989 0.95
2.01 3.84

Hong Kong (1959-82) 2.310*  0.381* 1.352* 0.994 1.21
(7.42) (5.81)

(t-values in parentheses, asterisk for 1% significance)

It is clear that the evidence of IRS is overwhelming. Moreover what is most striking is
that the labor coefficient is about 3 to 4 times larger than the capital coefficient. This is
definitely suggestive of the effect of ‘learning by doing’ or what has been called by Lucas
[26] the spillover effects of human capital. These effects multiply the productivity of a
worker at any given skill level by a positive multiple depending on the technology used.
We may also mention the point that if each of the three variables output, capital and labor
are detrended first and then the production functions reestimated, the persistent of IRS is
upheld. This suggests that scale economies are structural and not transitory and the high
values of adjusted R? are more indicative of the relative success of Cobb-Douglas
production functions in capturing the process of overall output growth.

A more disaggregative way to estimate the scale effect is to concentrate on the
manufacturing sector alone, which happens to be the most important sector in export
growth performance of the successful NICs in Asia. For Korea time series data on output,
capital and labor are directly available from Kwon [24] along with cost and price data over
the period 1961-80. A direct way to estimate IRS in the export-intensive manufacturing

sector in Korea is to fit a log linear cost function as follows:

Log C = 0.168* + 0.797* Log Y —0.077 Log Z, R? = 0.921, DW = 2.1
(2.10) (4.57)
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where C is observed total costs, log C is its logarithmic value and Z is a proxy variable for
measuring technical progress which is usually captured by a time trend. Clearly the overall
degree of IRS is 1.25 which is the reciprocal of the elasticity coefficient 0.797 for output
(Y). This implies that a ten percent increase in inputs (scale) increases output by at least
12.50 percent. The realized output increase may be higher since technical progress and
presence of nonrival inputs have additional cost-reducing impacts. Clearly the
manufacturing sector in the Korean economy has utilized scale economies most
significantly over its growing phase and the high income elasticity of world demand for
Korean exports has helped its growth upsurge tremendously.

A direct estimate of the productivity of human capital in the form of externality
effects as in the specification (11) is possible only when detailed data on the skill-intensity
of the labor force in the exports and the manufacturing sector are available. Short of that
the partial measures of the contribution of R&D and the intensity of new technical know-
how may be used as proxy variables. Recently Enos and Park [14] have studied the
pattern of adoption and diffusion of imported technology in four major industries in Korea,
e.g., petrochemical, synthetic fibers, machinery and iron and steel and compared this
experience with Japan. On an overall basis they summarized the sources of growth of GNP

due to labor, capital, economies of scale and technological advance as follows:




Table 4. Sources of growth of GNP in U.S., Korea and Japan

Sources of USA Korea Japan

growth 1948-69 1963-82 1953-72
% % %
Labor 22.0 35.8 17.1
Capital 19.8 21.4 23.8
Scale economies 10.5 18.0 22.0
Technological advance 29.8 11.8 224
Miscellaneous 17.7 13.0 14.7
Total 100.0 100.0 100.0

Sources: USA and Japan: Denison and Chung [10];
Korea: Enos and Park [14].

It is clear that Korea’s growth has stemmed proportionally more from increases in
labor supply and the associated augmentation of the skill factor and proportionaly less from
advances in technology. Futhermore if one analyzes the role of the major agents
responsible for the adoption of foreign technologies, one basic difference emerges between
Japan and Korea. In Korea at least until 1980, the government has been the primary
agent; in Japan it seems to have been since 1946 the large private firms. Also the number
of foreign suppliers of technology scrutinized by the agents seems to have been greater in
the case of Korea than in Japan. This explains the element of comparative advantage of

the technology-intensive export sector in Korea.

Conclusion

The econometric study focuses here on the basic structural and economic forces
which contributed to the rapid economic growth of the economy of South Korea in recent
years. This analysis applies the modern tests of cointegration to estimate a two-sector

model of growth, where the export sector’s role is quantified in terms of its externality
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effects. A test of disequilibrium is also applied for assessing if the demand has been the
dominant factor in Korea’s export promotion strategy. Finally, our study has evaluated in
a broader context the experiences of the high growth economies of the Asian Pacific Rim,
e.g., Japan, Korea and Taiwan, which provide a good testing ground for the new growth
theory that has emerged over the last six years. Of all the successful NICs in Asia the
Korean case provides in many ways an interesting example. Unlike Japan which is a
mature exporter, Korea’s experience is more recent; also Korea has followed policies more
favorable to openness in trade.

Two major tenets of the new growth theory are empirically tested here against the
Korean experience over the last two decades. The first is the externality effect of exports
and its productivity growth, which played the role of a catalyst for other sectors’ growth.
One notes that the role of increasing returns to scale emphasized in new growth theory has
been very prominent in Korea’s growth and more so in the export-oriented sectors. This
has helped the process of building capacity ahead of demand and planning for a steady long
run rate of growth. Diversification of the export-mix, low interest rate policies and active
state policies toward export promotion and outward looking development have contributed
to this growth upsurge on the supply side.

Finally, the growth of human capital and the diffusion of skills across the board,
which are strongly emphasized in new growth models have proved to be very significant in
the growth process of Korea. Not only has it made the scale economies more persistent in
the manufacturing sector, it has also generated a dynamic resource reallocation process

from the nonexports to the exports sector thereby augmenting the overall productivity of

labor.
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