














BEBGRY v —F ) $35E2F
InY=InA+BInK+yInG (3)

Using first differences of logarithmic levels,
that is, the growth rates of the original vari-
ables, from (3)

Y. _ A K. o G:
In K-l—lnAz—l -H?InKH } /IHGH (4)

where the lower letters, ¢+ and ¢—1, denote
two different time points.

Since (4) measures private and public capi-
tal stock changes’ effect on GDP growth, for
simplicity we assume the depreciation rate is
zero, and then we instead investigate how
private and public capital investment, the
flow figures which lead to their stock
changes, affect GDP growth. In addition, the
innovation investment itself can be consid-
ered an independent input factor in output,
the same as the private and public capital
investment. For innovation really encompas-
ses all developments of new ideas or discov-
eries into economic welfare enhancing goods
and services. The commercialization and
utilization of new goods and services gener-
ate additional sources of wealth that acceler-
ate economic growth (Romer, 1990). There-
fore, we generate an augmented growth
model written as

Iny:=Ina: + Blnk: + ylng: +Alni: +7. (5)

where £, g and 7 denote per capita private
and public capital and innovation investment,
respectively; 7 is an error term.

3. Empirical Estimation

We intend to analyze the interactions
between private and public capital construc-
tion investment, innovation investment, and
GDP growth. The data are from “China

Statistical Yearbook” compiled by National
Bureau of China. By ADF (Augmented
Dickey-Fuller) and P-P (Phillips-Perron) unit
root tests, we found that all of the variables
are [(I). Further, we perform Johansen
cointegration test, a popular method, by
which we confirmed that there exist possible
long-run relationship among the /(1) vari-
ables.

From (5), an empirical model can be writ-
ten as

d(lny)t=ao+ a1d(lnk): +azd(1ng)¢
+asd(Ini). + 7e (6)

where d() means that the estimate is perfor-
med in the first differences.

The estimation of (6) gave no satisfactory
result. There exists multicollinearity in the
estimation. The correlation coefficients
between the independent variables are very
high. For example, the correlation coefficient
between Ink and Inz is 0.9539, near to one.
The Durbin-Watson statistic is very small,
less than one. One subject of the future study
is to create stock series data to give further
empirical estimation.

However, for the purpose of the present
paper, we need to find a more efficient esti-
mation model. For all of the variables are
I(I) but are co-integrated, according to Gran-
ger representation theorem (Granger, 1983,
88), a Vector Error Correction Model (VECM)
can be given as follows

d(ny)=ci+ GEC,1+ Sm(L)d(Iny).s
+§51(L>d(1ng):_j+ épl(L)d(m/f)z_k
+§i€z(L)d(lm'>H+ bidm_19+u: (7
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d(hl/f)t:Cﬁ' GZEct‘l+g773(L>d(lny)t-1
+§1 S L)d(Ing)e—s+ 3 o L) d(Ink) e
+ 5L d(n)e i+ dadm_79+v. @)

d(ng):=cs+ 63EC¢-1"‘§773(L)61'(1H)’):~:
+ B0 D)d(ing) -+ F o Dl (1n):—
+ é 0(L) (i) 1+ dsdm_79+e:.  (9)

d(lni)e=cs+ 0 ECio1+ 27]4([/)0’(11'13/%-:‘
+ i S(L)d(Ing)e—s+ 2 ol L)d(Ink).
+ £ 0(L)d(Ini)e— i+ dudm_79+ . (10)

where 7m(L), 8n(L), on(L), 8x(L) are the p-th
order polynomials in the lag operator L, m=
1,234 ; c are constants; dm_79 is a dummy
variable (dm_79 =1 after 1979, otherwise 0) ; u,
v, &, w are serially independent error terms.
Based on AIC (Akaike Information Criterion),
we select the lag length P=6. We assume
that there is a deterministic linear trend in
the data. The likelihood ratio test strongly
supports the assumption. Thus, we specify
the VECM with an unrestricted intercept and
one cointegrating vector. EC are the error
correct terms derived from the cointegraing
vectors.

The VECM allows us to explore the inter-
actions of the variables that may occur not in
just one direction. Equation (6) is derived
from the Cobb-Douglas production function,
which suggests one interaction direction from
different investment to GDP growth. How-
ever, the inverse may occur. As known,
Wagner’s law suggests that economic growth
leads to increase in government expenditures,
which of course include expenditures on pub-
lic capital and innovation investment. Other
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interaction channels may also exist. For
example, increases in private capital and
innovation investment induce increasing
demands for public goods and service, partic-
ularly infrastructure maintenance of roads,
electricity, water systems and sewages etc.,
which are mainly provided through public
capital investment. On the other hand, public
capital investment may complement private
capital and innovation investment by raising
the productivity of private factors of produc-
tion. Due to their substitutability, public capi-
tal investment may crowd out private capital
investment.

For the purpose of the present paper, we
only give an explanation for the estimated
result of equation (7) in details as follows.The
adjusted R-squared is 0.8695, the highest,
compared to 0.3920, 0.2419 and 0.5138, the
corresponding results for equations (8), (9)
and (10). The F-statistic is 10.4843 which
rejects the hypothesis of that all coefficients
except constant are zero. In addition, most of
the estimated coefficients are statistically
significant. Public capital investment shows
positive effects on GDP growth. However,
the effects show a decreasing change trend.
The estimated coefficient at lag order one is
0.71, and then decreases gradually, down to 0.
15 at lag order six finally. By contrary, pri-
vate capital and innovation investment show
negative effects in the beginning, positive
effects at the end. In a long term, innovation
investment (at lag order six, the estimated result
is 0.27) contributes much more to GDP
growth than public and private capital invest-
ment (at lag order six, the estimated result of the
latter is 0.15, 0.02, respectively). We may con-
clude that public capital investment shows
decreasing positive influence on GDP
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growth, while the influence of the private
capital and innovation investment on GDP
growth exhibits negative in the beginning but
positive finally, in particular, the innovation
investment’s effect is outstanding. The esti-
mated result for the dummy variable suggests
that the reform and openness policies begin-
ning in the 1980s brought out an average
growth effect by 13.83 percent. The coeffi-
cients of the EC terms represent the propor-
tions by which the VECM is adjusting in
each-time period towards its long-run equilib-
rium state. The coefficient for the EC term in
(7) is -0.3293, which suggests that the short-
run deviations from the long-run equilibrium
are corrected in a contrary direction.

The VECM also allows us to give further
Impulse Response Function (RF) and Error
Variance Decomposition (EVD) analysis, in
particular the Granger Causality (GC) test.
The IRF analysis suggests that one S.D.
shock in the growth of public capital invest-
ment brings about greater shock to GDP
growth than private capital and innovation
investment. The EVD analysis suggests that
growth in public capital investment contrib-
utes about 80% to the error variance of GDP
growth, even far higher than GDP Growth
itself, while the private capital investment
only 10%. The GC tests confirmed the inter-
actions between the variables in all directions
with statistically significance by the F-
statistic tests.

4, Conclusion

By the above analysis, we conclude that
there may exist long run relationship
between public and private capital construc-
tion and innovation investment and GDP
growth. Public capital construction invest-

ment contributes greatly to GDP growth
while private capital construction and inno-
vation investment seem to do not. In the long
term, the private capital construction and
innovation investment may positively affect
GDP growth; in particular, the innovation
investment’s influence may be outstanding.
The empirical result also suggests that, the
reforms and openness policies beginning in
the 1980s accelerate economic growth by
double digit percentage points.
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