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Measurement of Technology Spillovers

Abstract This paper builds an externality-based model with physical and R&D
capital, proves the linearity of technology functions, and derives two measures of
spillovers from the relative differences between social and private rates of return.
China’s regional empiric studies exhibit a reverse direction of spillovers between
foreign invested firms and local economy and provide an estimation of the
spillover measures of between 13% and 18%.
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1 Introduction

During the past two decades, economic growth theories uncovered two main
sources of growth, namely externalities which are obtained by free riders, and
innovations which are the results of intentional business activities. The most
influential theories about these are from Lucas (1988) and Romer (1986) with a
focus on externalities. Romer (1990) focused on various types of new goods,
whereas Aghion and Howitt (1992) focused on the quality ladders of new goods.
When we combine the two sources of economic growth, they can be summed
up as technology externalities, or technology spillovers. As a type of knowledge,
technology exhibits evident external effects depending on different carriers.
Romer (1986), for example, assumed that capital stock is a carrier of technology.
Thus the more a country invests the more technological development it can foster.
This kind of knowledge accumulation is called learning by investing. In Romer’s
(1986) setup, a production function of an individual firm is Y; = F (K, KL)),
where a total capital stock, K, is an indicator of knowledge level, the knowledge
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stock shared by every firm in the economy. Although the Romer economy model
points to constant growth rates in the long run, the economy is not Pareto optimal
in that the capital return rate in the equilibrium of a decentralized economy is
lower than the rate of a centralized economy. In addition, Lucas (1998) assumed
the average human capital to be a technology carrier which exhibits externalities.

These theories raise a question: How do we measure externalities?
Traditionally, there are two approaches to this question (Griliches, 1992). The
first is just to estimate social return rate of a defined innovation through
questionnaire or survey, a method suitable for technology spillovers only in a
small-scale industry, because it is necessary to obtain private rates of return to
measure spillovers. However, firms might not provide true information about
their private returns or costs out of consideration for commercial protection.

The second approach is to regress to the output or total factor productivity or
their rates of growth on R&D capital stock. This approach does provide plenty of
evidence about technology spillovers (Coe and Helpman, 1995). Unfortunately, it
cannot reveal how much return on R&D capital stock an individual firm loses
due to externalities. The approach was revised by Jones and Williams (1998) to
estimate social return rates of the overall economy. However, they also could not
provide enough information about the degree of externality, and only arrive at an
expression of social rate of return. A high social rate of return does not always
indicate a high degree of externality.

The aim of this paper is to find a third approach to measuring the degree of
technology externalities, which turns out to be easier than existing ones. The
basic idea of this paper is to find out what proportion of the returns spills over
into the overall economy. In order to provide a theoretical foundation for linear
regression model often appearing in similar literature, this paper constructs an
externality-based model which includes both R&D and physical capital. Then
two measures of externalities are derived and estimated using Chinese regional
dataset. A major strength of this model is that measures are very simple and
tractable.

The paper is organized as follows. In Section 2, an externality-based model is
established and different equilibriums are compared. Section 3 derives
externalities measures. Section 4 estimates the measures. Section 5 sums up with
a conclusion.

2 A Basic Model

2.1 A Technology Function

The production function is assumed to be Cobb-Douglas form:
Y =AK“(¢L)"" (1)
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where Y is the only output in the economy, K is the physical capital, L is the labor
input, ¢ is an index of a firm’s technology and assumed to be labor augmented.
a<(0, 1) is an elasticity of output with respect to physical capital, and 4 is a
constant. The firms in our model invest in not only physical capital, but also
research and development capital (R&D capital). To some extent, a firm’s
technology level depends mainly on its own R&D investment. But if there are
technology spillovers, a firm’s technology level is also affected by that of other
firms’ in the overall economy. Thus the technology function could be written as:

p=g(z+vz,), ¢'()>0 2

where z is a firm’s R&D capital stock per worker and z, is the social R&D capital
stock per worker; ve[0, 1] is a parameter indicating how much the social R&D
capital per worker affects an individual firm’s technology level ¢. If v = 0, it
means either there is no spillovers from the rest of an economy, or there is perfect
protection of technology. If v = 1, it means z, is as important to a firm as its own
R&D capital per worker, z, or there is zero protection of technology. If 0 <v <1,
it means a firm can obtain a certain share of other firms’ technology, or there is
non-perfect protection of technology. Here, in effect, v represents the degree of
technology transfer.

Another aspect of Eq. (2) should be noted. The technology function does not
include any uncertainty. Although entrepreneurs take great risks investing in
R&D activities, simplifying the problem would help our demonstration to better
focus on the externality feature. In effect, if we consider the technology function
on an average level, it is also reasonable to some extent.

¢'(") represents the efficiency of R&D capital stock. ¢'(-) >0 means that the
technology level is a monotonic and increasing function of R&D capital stock
per worker. If ¢'(:)<<0, then entreprencurs will not invest in R&D activities
because the more they invest in R&D, the lower the technology level is. Thus the
assumption of technology function in Eq. (2) is reasonable. In addition,
0¢/0z, =v¢'(z+vz,) = 0, which implies that the social R&D capital per worker
contributes to an individual technology if v > 0.

The production function (1) can be expressed in an intensive form:

y = Ak* [¢(z +1z, )]l_a , 3

where y=Y/L, k=K/L. In a competitive market, a firm will make a decision on
physical and R&D investment. Assuming the depreciation rate of physical capital
is Jy, the depreciation rate of R&D capital is &%, and dynamic functions of k and z are

k=1I,—(n+6)k, “4)
i=1_—(n+6,)z, (5)

where /; and [, are the investment of physical and R&D capital respectively, n is
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the rate of growth of labor, L. The resource constraint of a firm is
AR [pz+vz)] " =1 + 1, +c. (6)

The utility function of a consumer has a common constant intertemporal
elasticity of substitution form:
A0 -1
1-6
where c¢ is the consumption per worker, & is a constant whose reciprocal is just
the elasticity of substitution.

u(c) = , (7

2.2 Optimal Conditions

Under the constraint conditions (4)—(6), consumers will maximize their objective
function:

w0 -1
N
0 1-6
where p (> 0) is a rate of time preference. The present-value Hamiltonian of this
dynamic optimization is

ey, ®)

P |

H= e L LI - (n+ S)k]+ L[ — (n+6,)z]

1-6 )
+ {Ak“ [p(z+ve)]  —1, — 1. —c},
where 4, , A, and A3 are Hamiltonian multipliers. In this optimization problem

there are three control variables, ¢, I, and I, , and two state variables, £ and z.
The first order conditions are

cle P = )., (10)
A’l 21’3’ ﬂ/z zﬂ’b (11)
A=A+ 8) + adk [z +vz,)] =0, (12)

Ay = Ao(n+3,) + A (1— ) Ak* [(z +vz,)| “ #'(z +vz2,)=0. (13)

In the economy, every firm is identical, and makes the same decisions in
equilibrium. Thus an individual firm’s investment in physical and R&D capital is
just equal to social average level, i.e., k=k,, z=z,. The conditions in Eq. (11)
mean that shadow prices of physical and R&D capital will be equal in an optimal
state. In other words, rates of return on two kinds of capital stock will be equal in
equilibrium. Equations (12) and (13) can be rewritten as
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_%:aAk“‘l[¢((l+v)z)]la -(n+9), (14)

_% = (=) 4k [$(A+)2)]“ ¢ (A +)2) - (n+5,) (15)

In the balanced growth path (BGP), every variable has a constant rate of growth.
Eq. (14) implies £/¢ is a constant because other parts of the equation are constant.
Applying this conclusion to Eq. (15) means ¢'is also a constant in equilibrium.
Otherwise the growth rate of 1, would not be constant in equilibrium. Thus the
technology function must be a linear function, which can be expressed as

p(z+vz,)=¢,+&-(z+vz,), (16)

where &=0 is a constant and equal to ¢', the R&D efficiency. If £=0, then
R&D capital characterized by externalities will be excluded from the model, a
case that is not interesting. Thus we assume reasonably that &>0. ¢, is the
level of economy when there is no R&D investment. In equilibrium, z=z,, the
technology function will be

dz+vz,)=¢, +&-(1+v)z. (17)
2.3 A Decentralized Economy

For the sake of convenience, ¢, is assumed to be zero and &, is equalto o, :
h=0.6=05=5. (18)
Under the condition of 4,=4,, equations (14) and (15) in equilibrium imply

z_l-e (19)
ko all+v)

If the v is larger, external effects will be greater, and an individual entrepreneur
will be more dismayed to invest on R&D activity. Consequently, the R&D capital
relative to physical capital will decrease. Using the Eq. (19), it is easy to find the
expression of interest rate in equilibrium:

r=a®(-a) 4 -5 (20)

Eq. (19) also implies that z/k is a constant in equilibrium, and growth rates
of z and k£ must be equal, g; = g.. In order to identify the relationship between the
growth rates of y and z, taking logarithms of the production function in
equilibrium, y = 4k* [§ 1+ v)z]]_a , and derivatives with respect to time, we get

gy = g Substitute /; and I in dynamic equations (4) and (5) for the control
variables in the resource constraint Eq. (6) and we get
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y=lk+@m+3)k1+[z+(n+3,)z]+c. 1)
Divided by £, it can be rewritten as
y k zZz z| ¢
—=|=+m+5) |+|——+(n+5)—|+—. 22
. {k (n 1)} Lk (n 2)k:| I (22)

Evidently, y/k, klk , z/z and z/k are all constants in equilibrium. It implies
c/k should also be constant in equilibrium. Thus the growth rate of ¢ is equal to
that of k. In sum, variables y, &, z, ¢ grow at the same rate in equilibrium:

g, =8 =8.8. =8 (23)

and g  can be expressed as
* 1 a -a -a
g :5[(1 (1—a) ™ A& —5—p]. (24)

It is very interesting that the rate of return, » , hence the growth rate, g, is not
related to the coefficient of technology transferring, v. But we should not draw a
conclusion hastily. In the next section, we will find its role in a centralized
economy.

2.4 A Centralized Economy

For a social planner, z =z, his production function will be

y = Ak” [qﬁ(z + vz)]l_a . (25)
The resource constraint condition (6) is changed into
Ak [p(+)2)] =1 41 ve. (26)

For a social planner, the whole economy can be regarded as a unit whose utility
function takes the form of Eq. (7). The optimization problem is to maximize the
objective function (8) subject to constraint conditions (4), (5) and (26). A
corresponding present-value Hamiltonian for a social planner is

1-0

c -1
H="——e " 4L A [I, —(n+ k| + L, [I. - (n+6)z
= [ -+ 0]+ & o

+ {Ak“ [B(A+v)2)] 1, -1, - c}.
Following the same steps we took with the decentralized economy, it is easy to

prove the linearity of technology function. With the assumption (18), the first
order conditions for optimization are

C—He—(p—n)t — A} ,
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h=24, LH=4Kk,
b =4+ 8)+ Aadk T [£(1+v)z] T =0, (28)
by = Ao (n+8)+ 25 (1—a) Ak [EQ+v)z] © - (1+)E=0. (29)

The first three conditions are the same as those of the decentralized economy. In
Eq. (29), there is an additional term (1+v) which represents differences between a
competitive equilibrium and a social planner’s optimal solution. With 4,=4,=413,
it is easy to find an expression for z/k from conditions (28) and (29):

Zs _ I-a ) (30)

k; a
The subscript S indicates it is for a social planner. In a BGP, a social planner’s
interest rate can be expressed as

re=a®(l—a) 4871 +v)™“ =5 (31)

Compared with the interest rate of a decentralized economy, a social planner’s
interest rate is higher because the planner can internalize external effects. The
social planner’s growth rate in the long run is

g5 = é[a“ (1-a) ™ 4g™(1+v)“ =5-p|. (32)

Now we can see technology transfer coefficient does play a role in the economy.
Basically technology externalities accelerate economic growth if R&D investors
could obtain all returns. However, without robust and fully functional intellectual
property protection, the growth rate of economy with external effects will
decrease to a rate equal to a social planner’s growth rate without externalities.

3 Measures of Spillovers

In order to identify simple forms of measures of spillovers, we consider the
marginal product of R&D capital. For an individual firm in a decentralized
economy, the marginal product of z in equilibrium is

. kY
MPZ, :r+5:(1—a)A[?j & 3)
— (1 _a)lfa aaAéslfa.

For a social planner, the marginal product of z in equilibrium is

*

MPZ =r +5:(1—a)A[Z*j E(L+v)
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=(l-a) @ a”A(l+v) > &, (34)

The subscript P and S stand for private variables in a decentralized economy and
social planner’s variables in a centralized economy.
Define the first measure of technology spillovers, wy, as a relative difference
between a decentralized equilibrium and a centralized equilibrium:
_ MPZ3 - MPZ,

W *

MPZ (35)
=1-(1+v) .

It implies the measure w, increases with the coefficient of technology transfer,
v. When there is no technology spillovers, i.e., v = 0, then w;=0. When there is
perfect spillovers, i.e., v = 1, then the measure, w; is equal to 1— 27" an least
upper bound of wy.

The second measure of spillovers, w,, is defined to characterize how much
returns, in a decentralized equilibrium, spill over to the whole economy. In order
to achieve this goal, it needs to find an expression of marginal product of z under
the condition of v = 0 while keeping resource allocation, k/z, fixed at the level of
a decentralized economy. We can write the marginal product of z as

MPZ,(v>0)=(1—-a)4E"™ [k—PJ (1+v)“. (36)
Zp
When we set v=0, keeping k/z fixed at k; / z;, we get
l-a k; i
MPZ,(v=0)=(1-a)AE™| —| . 37
Zp

With the expressions (36) and (37), we can define how much returns spill over in
a decentralized equilibrium:

_ MPZ,(v=0)~MPZ,(v>0)
- MPZ (v =0) (38)
=1-(1+v)“.

W,

The second measure, wy, increases with the v.

4 Estimation of Spillovers

4.1 Specification

The measures of technology spillovers defined above make it possible to
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estimate externalities with empirical data. In this section we try to estimate w,
and w, using regional dataset of foreign invested firms and domestic firms in
China. According to the linear function of technology, we specify panel data
regression functions as follows:

TECH,, = By + B1oRD;, +uy (39)

TECH _J;, =P+ PyRD_J;, + PpRD;, +u, ;, (40)
TECH _F,, = Py + 5 RD _F,, + B5,RD _ D, +us ., (41)
TECH_D”=ﬂ40i+ﬂ41RD_Dit+ﬂ42RD_Fit+u4’it, (42)

where TECH,, is the technology variable of region i at year t; TECH F;, and
TECH D, are technology variables for foreign invested and domestic firms
respectively; TECH Jy is created by pooling TECH Fj, and TECH D;,(the index
J stands for F, for foreign invested firms, and D, for domestic firms); RDjy is
R&D capital stock per worker of region i at year t; RD_Fj; , RD_D; and RD J;
are variables of R&D capital stock per worker for foreign invested, domestic and
pooled firms respectively; Sio:, froi S0 and S, are region-specific effects; u; 4,
Uy js, Uz, and uy ;, are error terms.

The motivation of regression (39) is to find out whether there is a significant
relation between technology and R&D capital stock per worker. The regression
(40) is intended to find out an estimate of v. According to the technology
function (16), there should be

s=h5n, v=Pn/py. (43)
If 3, is significant statistically, it may imply a firm’s R&D capital stock per
worker is an important factor in technological change. If £, is significant
statistically, it implies external effects do exist. However, regression (40) cannot
provide accurate information about the direction of technology spillovers if there
are spillovers. Thus regression (41) and (42) are used to identify the direction of
technology spillovers. If the coefficient S, is significant statistically, it means
there are technology spillovers from domestic firms to foreign invested firms. If
the coefficient Sy, is significant statistically, it means there is a flow of
technology spillovers in the opposite direction, from foreign invested firms to
domestic firms. If both of S, and S, are significant statistically, it means there
are two-way directions of spillovers.

Theoretically, estimates of coefficients of regressions (40), (41) and (42)
should be positive if the coefficients are significant at any common significant
level. What if they are not significant statistically? If that does occur, we will fail
to get an implied v. But there is another method to find out about v if /3 is not
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significant statistically and [, significant statistically. If we look at an economy
as a whole, technology spillovers inside the economy will be internalized.
Regress the aggregate technology of the economy, TECH;, on the aggregate
R&D capital per worker, RD;, and we will get an overall estimate of the
coefficient of technology efficiency, & when the estimate of /5, is not significant
statistically. According to Eq. (39), we have

&= :[;’12 : (44)
Substituting ﬁlz for ﬂAm in the expression of v of Eq. (43), we can calculate
the value of v. If the ﬁ’lz is not significant statistically, it implies R&D capital

stock per worker does not play an important role in the technological change.
Consequently, there is no need to study technology spillovers at all. If the ﬁzz is

not significant statistically, it implies that there is no evidence of technology
spillovers.

4.2 Data

The dataset of this paper comes from the regional data of large and medium-sized
enterprises in The China Statistical Yearbook on Science and Technology and
China Economic Census Yearbook 2004.

Variables about technology in equations (39)—(42) are measured by patents,
which are an effective indicator of technology. In effect, there are three indicators
of patents: patent applications, inventive patent applications and owning
inventive patents. Unfortunately, the data of patent applications can only be
traced back to 1998, the other two indicators to as recently as 2000. In order to
obtain a broader sample, this paper uses patent applications as a measure of
technology.

R&D capital per worker is equal to R&D capital stock divided by annual
average numbers of employed persons in the same region. R&D capital stock is
calculated from R&D expenditure based on the perpetual inventory approach:

RDK,,=(1-8)RDK, ,, +RDI,, |, t=2,3,-

it=1°

where O is the depreciation rate of R&D capital stock, RDK;, is R&D capital
stock of region i at year t; RDI;;_; is R&D expenditure of regional i at year ¢ — 1.
In order to calculate RDK;;, we should have RDK;, at hand. Coe and Helpman
(1995) suggested a method to estimate RDK; ;:

RDK,  =RDI, /(g +9),

where RDK; ; is the R&D expenditure in the first year when the data is available;
g is the average rate of growth of the R&D expenditure. The time frame of our
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dataset is from 1998 to 2006 because 1998 is the earliest year when regional
R&D expenditure data is available on an aggregate economic level.
Unfortunately regional R&D expenditure of foreign invested firms is not
available until 2003. This paper predicts the missing regional R&D expenditure
of foreign invested firms to be in proportion to intramural expenditures on S&T
activities. The proportion is set as an average ratio, during 2003-2006, of foreign
invested firms’ R&D expenditure to their intramural expenditures on S&T
activities. The depreciation rate, &, is assumed to be 5%. We also consider cases
of 10%, 15% and 20%, and corresponding results will be presented in the
appendix.

R&D capital stock, patent applications and annual average numbers of
employed persons of domestic firms are the amount by which overall variables
exceed those of foreign invested firms of the region respectively. We also divided
variables by producer price index (benchmark year = 1998) if the variables are
affected by price. A description and summary statistics of all variables are listed
in Table 1. The panel covers 29 provinces, autonomous regions and municipalities
in mainland China. Tibet and Xinjiang are not included as very little data is
available.

Table 1 Description and Summary Statistics of Variables, 1998-2006

Variable Description Mean Std. Dev. Min Max  Remark

TECH  Overall regional technology, measured by 965 2,003 5 20,466  Piece
patent applications

TECH_F Regional technology of foreign invested 263 746 0 7,338 Piece
firms, measured by patent applications

TECH_D Regional technology of domestic firms, 702 1,340 5 13,128  Piece
measured by patent applications

RD Overall regional R&D capital per worker 75 56 6 342 100 RMB

RD F  Regional R&D capital per worker of 88 104 0 684 100 RMB
foreign invested firms

RD D  Regional R&D capital per worker of 74 61 6 404 100 RMB

domestic firms

4.3 Empirical Results

Panel unit root tests indicate all variables in level are not stable while first
differences of variables are stable (Table Al). Thus a panel cointegration test is
needed to check whether variable sets for each econometric model in this paper
are cointegrated. Table A2 indicates variables in each econometric model form a
cointegration system. There are several methods to estimate cointegration vectors,
i.e. traditional ordinary least squares (OLS), bias-corrected OLS (BCOLS), fully
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modified OLS (FMOLS) and dynamic OLS (DOLS). According to Kao and
Chiang (2000), DOLS estimator performs best among all estimators. Therefore,
this paper estimates models (39)—(42) with the DOLS estimator. In addition,
results estimated using the FMOLS estimator are also listed for comparison.

Table 2 shows the details of estimation of cointegration vectors for each model.
Evidently R* of each model estimated by FMOLS is smaller than those by DOLS.
We tried to calculate v using model (40) estimated by FMOLS, and found the
implied v to be an unreasonable 1.2648 (4.0069/3.1680) despite the fact that both
coefficients were significant at level 5%. Therefore, v shall be derived from
DOLS estimation results. However, DOLS results of model (40) indicate the
coefficient of RD J is not significant at 10% level, which means we couldn’t
obtain the v only from model (40). According to (44), we could use model (39) to
find another estimate of the coefficient of R&D efficiency, & In this method, we
obtain the implied v:0.3929 (8.0279/20.4301), which is more reasonable than the
one under FMOLS.

Table 2 Estimation of Panel Cointegration Vector (Depreciation rate = 5%)

FMOLS Estimation DOLS Estimation

M@39) M@0) M@l  M@2)  M@29)  M@0) M@l  M42)

Variable TECH TECH J TECH F TECH D TECH TECH J TECH F TECH D

RD J 3.1680 2.1801
(2.1110) (1.0895)
(0.0177) (0.1384)

RD F ~0.3818  —2.3648 13405 —0.7510

(-0.4135) (~1.5491) (1.0887) (~0.3690)

(0.3398) (0.0614) (0.1391)  (0.3564)

RD D 63286  14.4205 9.0978 145217

(6.1624) (8.4943) (6.6442)  (6.4154)

(0.0000)  (0.0000) (0.0000)  (0.0000)
RD 145784  4.0069 204301 8.0279
(3.7118) (2.2608) (3.9013)  (3.3972)
(0.0001) (0.0121) (0.0001)  (0.0004)

R 0.1138  0.0923 0.1812 03152 04739 04082  0.4632 0.4936
Implied v 1.2648 0.3929

Note: The two values in parenthesis are ¢ statistics and p-values respectively. The lead and lag terms
both one in the DOLS estimation. M (39) means the model (39),as with other notions.
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Results of models (42) and (42) estimated by DOLS indicate the coefficients
of RD_F are not significant while those of RD D are significant at 1% level. This
suggests a reverse direction of technology spillovers, i.e., spillovers from foreign
firms to domestic firms. However, traditional studies argue that there are
spillovers from foreign invested firms to domestic firms, such as Cheung and Lin
(2004), or no spillovers at all, such as Jiang and Zhang (2008).

One reason for reverse spillovers could be talent flow. Domestic firms and
local governments may encourage Chinese R&D personnel to work in foreign
invested firms for a period of time, in the hope that they would come back to
local firms after acquiring sophisticated technological knowhow and knowledge
and help local firms upgrade their technology. Unfortunately, this is only wishful
thinking; these R&D personnel are not likely to leave foreign invested firms due
to highly competitive wages. Higher wages of foreign invested firms also
encourages talented R&D personnel from local firms to quit to join foreign
invested firms, and add to technology spillovers from local firms to foreign
invested firms.

Another reason could be merger and acquisition between foreign invested and
domestic firms. Hymer (1970) argues that multinational corporations always try
to utilize their monopolistic power in a local market to curb local technological
development, which indicates an extension of multinational corporations’
monopolistic intention in the global marketplace. Thus this kind of intention of
internalization will undoubtedly distort the local economy. Whenever there is
some innovation in a local firm, it would be targeted and acquired by
multinational corporations in the industry’, thus adding to reverse spillovers from
local firms to foreign invested firms.

4.4 Sensitivity to Depreciation Rate and Measurement of Spillovers

The above analysis assumes a depreciation rate of 5%, and this might incur
critique of sensitivity to the intentional choice of the depreciation rate. In order to
study sensitivity to depreciation rate, this paper estimates R&D capital stock and
panel cointegration vectors, and calculates the corresponding v under different
depreciation rate such as 10%, 15% and 20%.

Table A3, Table A4 and Table A5 list results concerning estimation of panel
cointegration vectors under 10%, 15% and 20% respectively. There are some
differences in estimation result as the depreciation rate changes. For example, the
estimated coefficient of RD in model (40) is 15.3412 under a depreciation rate of

! National Development and Reform Commission (NDRC) issued a decree on July 22, 2008,
which emphases strengthening security review concerning merger and acquisition activities of
foreign invested firms. Please refer to the following website for more details:
http://www.ndrc.gov.cn/rdzt/gggj/zywj/t20080804 229389.htm.
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20%, which is significant at 1% level, while the coefficient is 8.0279 under 5%,
which is also significant at 1% level. The implied v, however, does not exhibit
great sensitivity to the depreciation rate. If we assume a depreciation rate of 20%,
the implied v is about 0.41, while an assumption of a depreciation rate of 5%
means an implied v of 0.39. Thus the implied measure of technology spillovers
will not be sensitive to the choice of depreciation rate of R&D capital stock.

Using the implied v, we can calculate measures of technology spillovers after
estimating the elasticity of output to physical capital, & A number of researchers
estimated the elasticity of output to physical capital (Chow, 1988; Chow, 1993;
Chow, 2008; Chow and Li, 2002; Chow and Lin, 2002; Chow, 2002; Heytens
and Zebregs, 2003; Lau and Brada, 1990; OECD, 2005; Wang and Meng, 2001;
Guo and Jia, 2005; Lii, 2008; Jefferson et al., 2008; Zheng et al., 2008). Fig. 1
plots the density of the elasticity of output to physical capital estimated by these
researchers. The average is about 0.58.
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Elastitcity of Output to Physical Capital
kernel=epanechnikov, bandwidth=0.05

Fig.1 Density of « Estimated by Researchers

Table 3 and Table 4 show results of two measures of technology spillovers
under the four depreciation rates and influential estimates of a. At the mean of ¢,
0.58, w; is 13.07% if the depreciation rate is 5%, 13.21% if the depreciation rate
is 10%, 13.33% if the depreciation rate is 15%, and 13.43% if the depreciation
rate is 20%. It means that a private return on R&D capital of over 13% is lower
than a social return. In addition, w; does not change greatly and exhibits no
sensitivity to choice of the depreciation rate. Similarly, w, is 17.42%, 17.60%,
17.76%, and 17.88% when the depreciation rate is 5%, 10%, 15% and 20%
respectively. This means that, given a resource allocation in a decentralized
equilibrium, the private return on R&D capital stock with positive technology
spillovers is over 17%, which is lower than one without technology spillovers.
The measure, w;, is also not highly sensitive to the choice of depreciation rate.
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Table 3 Measurement of Technology Spillovers (1)
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Deprecation rate of 5%

Depreciation rate of 10%

Literature a Wi W) Wi Wa

Chow & Li (2002) 0.63 11.60% 18.79% 11.72% 18.98%
Chow & Lin (2002) 0.65 11.04% 19.30% 11.16% 19.50%
Chow (2002) 0.65 11.04% 19.30% 11.16% 19.50%
Chow (1988) 0.60 12.36% 18.09% 12.49% 18.27%
Chow (1993)’s GLB 0.54 14.20% 16.33% 14.35% 16.50%
Chow (1993)’s LUB 0.64 11.25% 19.11% 11.37% 19.31%
Chow (2008) 0.60 12.39% 18.06% 12.52% 18.25%
Guo & Jia (2005)’s GLB 0.69 9.70% 20.49% 9.81% 20.70%
Guo & Jia (2005)’s LUB 0.78 6.91% 22.88% 6.98% 23.11%
Heytens & Zebregs(2003) 0.64 11.16% 19.19% 11.28% 19.39%
Jefferson et al. (2008) 0.38 18.55% 11.86% 18.74% 11.99%
Lau & Brada (1990) 0.42 17.43% 13.05% 17.61% 13.19%
Lii(2008) 0.56 13.71% 16.80% 13.86% 16.97%
OECD (2005) 0.53 14.54% 16.00% 14.69% 16.16%
Wang & Meng (2001) 0.43 17.13% 13.37% 17.31% 13.51%
Zheng et al. (2008) 0.50 15.27% 15.27% 15.43% 15.43%
Mean 0.58 13.07% 17.42% 13.21% 17.60%

Note: GLB means greatest lower bound. LUB means least upper bound.

Table 4 Measurement of Technology Spillovers (2)

Deprecation Rate of 15%

Depreciation Rate of 20%

Literature a Wi W Wi W

Chow & Li (2002) 0.63 11.83% 19.15% 11.92% 19.29%
Chow & Lin (2002) 0.65 11.26% 19.67% 11.35% 19.81%
Chow (2002) 0.65 11.26% 19.67% 11.35% 19.81%
Chow (1988) 0.60 12.61% 18.44% 12.70% 18.57%
Chow (1993)’s GLB 0.54 14.48% 16.65% 14.59% 16.77%
Chow (1993)’s LUB 0.64 11.47% 19.48% 11.56% 19.62%
Chow (2008) 0.60 12.64% 18.41% 12.73% 18.54%
Guo & Jia (2005)’s GLB 0.69 9.90% 20.89% 9.98% 21.03%
Guo & Jia (2005)’s LUB 0.78 7.05% 23.31% 7.11% 23.47%
Heytens & Zebregs(2003) 0.64 11.38% 19.56% 11.47% 19.70%
Jefferson et al. (2008) 0.38 18.91% 12.10% 19.04% 12.19%
Lau & Brada (1990) 0.42 17.77% 13.31% 17.90% 13.41%
Lii(2008) 0.56 13.99% 17.13% 14.09% 17.25%
OECD (2005) 0.53 14.83% 16.31% 14.93% 16.43%
Wang & Meng (2001) 0.43 17.47% 13.64% 17.59% 13.74%
Zheng et al. (2008) 0.50 15.57% 15.57% 15.69% 15.69%
Mean 0.58 13.33% 17.76% 13.43% 17.88%

Note: GLB means greatest lower bound. LUB means least upper bound.
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5 Conclusion

In order to measure the degree of technological externalities, this paper builds a
simple endogenous economic growth model which includes both physical and
R&D capital in the production function, and calculates the two measures of
technology spillovers through estimating the coefficient of technology transfer
using China’s regional dataset. In sum, we have conclusions as follows:

(1) We prove that the technology function is just a linear function, which
points to a constant efficiency of R&D capital per worker. On the contrary,
previous literature on technology spillovers simply assumed the linearity of
technology function, but never proved it. Thus linearity proved by this paper
provides theoretical basis for linear specification of econometric models.

(2) According to the difference between private and social rates of return, this
paper designs two measures of technology spillovers. The first measure, wy, is
intended to measure the relative difference of marginal product of R&D capital
per worker between decentralized and centralized equilibriums. The expression
of wy is wi=1—(1+v) "™, where « is the elasticity of output to physical capital.
When « is smaller, it implies physical capital plays a less important role in the
production and R&D capital is more important. Because of the externality of
R&D capital, a smaller « implies a larger effect of technology spillovers; hence
we get a larger w;. A smaller coefficient of technology transfer v means private
firms will lose less return on R&D capital in equilibrium. Hence we get a smaller
wi.

(3) The second measure, w,, is intended to measure the relative difference of
marginal product of R&D capital between a state with externality and a state
without externality, with a given allocation of physical and R&D capital in the
decentralized economy. The expression of this measure is w, = 1—-(1+v)"“. When
o is smaller, R&D capital is more important in production, a decentralized
equilibrium with externality is farther away from economic state without
externality given the same resource allocation. Hence we get a larger w,. If the
coefficient of technology transfer, v, is increasing, externality will play a more
important role in the decentralized economy which means a larger wy.

(4) The paper also provides an easier way to estimate two measures of
technology spillovers using macroeconomic dataset. There are only two
coefficients to be estimated. One is the coefficient of technology transfer, v,
which could be estimated through regressions of technology on R&D capital per
worker. The other is the elasticity of physical capital to output, ¢, which has been
estimated by many influential researchers. Using China’s regional dataset, at the
average of « estimated by those influential researchers, w; is over 13% and w,
about 18% under the assumption of various depreciation rates of R&D capital
stock. We also find the direction of technology spillovers is from domestic
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invested firms to foreign invested firms, apparently different from traditional
opinions.
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Appendix
Table A1 Panel Unit Root Test
Results for Variables in Level Results for Variables in Difference

Variable LLC IPS  Fisher-ADF Fisher-PP  LLC IPS  Fisher-ADF Fisher-PP
TECH -0.0872 1.9219° 37.0108  22.0003 -24.0889 -5.7382°137.9020 141.8510
(0.4653) (0.9727) (0.9856)  (1.0000) (0.0000) (0.0000) (0.0000)  (0.0000)

(To be continued)
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(Continued)

Results for Variables in Level Results for Variables in Difference
Variable LLC IPS  Fisher-ADF Fisher-PP  LLC IPS  Fisher-ADF Fisher-PP
TECH F 1.8721 3.0413° 52.7257 50.8168 —12.5252 —6.8719°226.9540  259.9600
(0.9694) (0.9988) (0.5996)  (0.6708) (0.0000) (0.0000) (0.0000)  (0.0000)
TECH D -0.7064 1.9124° 34.6938 21.6697 -25.9328 -6.3016° 145.4210 142.7800
(0.2400) (0.9721) (0.9935)  (1.0000) (0.0000) (0.0000) (0.0000) (0.0000)
RD 21.6874 8.7278° 10.5915 40146 —0.3221 -1.7388° 743403  76.6089
(1.0000) (1.0000) (1.0000)  (1.0000) (0.3737) (0.0410) (0.1008) (0.0729)
-7.6946° 92.5131 ¢ 102.5910°
(0.0000) (0.0045)  (0.0005)
RD F 0.7580 5.6764° 38.6650 38.8797 -3.3826 —1.9991° 232.6880 261.5410
(0.7758) (1.0000) (0.9762)  (0.9747) (0.0004) (0.0228) (0.0000)  (0.0000)
RD D 234774 1.5421° 13.3441 2.1075 0.2384 —1.6991° 74.2940  74.7563
(1.0000) (0.9385) (1.0000)  (1.0000) (0.5942) (0.0446) (0.1014) (0.0951)
—6.5004° 100.6030° 103.7310°
(0.0000) (0.0008)  (0.0004)

Note: Values in parenthesis is the corresponding p-value; the superscript © means there is a constant
term in the regression. In all cases, there is no time trend.

Table A2 Pedroni’s Panel Cointegration Test
M(39) M(40) M(41) M(42)

Statistic ~ p-value Statistic p-value Statistic p-value Statistic p-value

Within-dimension

Panel v 15.7483 0.0000 9.6653  0.0000 7.0470 0.0000 8.9689 0.0000
Panel p 4.1911 0.0001 8.2072  0.0000 3.8282  0.0003 3.4196 0.0012
Panel PP 4.7415 0.0000 4.0519 0.0001 -3.6703 0.0005 —2.8526 0.0068

Panel ADF 5.5349 0.0000 2.6219 0.0128 -3.3738 0.0013 -2.8208 0.0075
Within-dimension (Weighted)

Panel v —4.4087 0.0000  -5.5158 0.0000 -3.0177 0.0042 —4.9907 0.0000
Panel p 2.7332 0.0095 4.8437 0.0000  3.4662 0.0010 4.4111 0.0000
Panel PP —6.4499 0.0000 -13.9257 0.0000 -8.7944 0.0000 —9.0615 0.0000

Panel ADF —5.3897  0.0000 -9.8053 0.0000 —6.3889 0.0000 —4.9149 0.0000
Between-dimension
Group p 4.5195 0.0000 7.9985 0.0000  5.8544 0.0000 5.9655 0.0000
Group PP —6.0194 0.0000 -15.8469 0.0000 —10.4867 0.0000 -10.7795 0.0000
Group ADF  -3.1726  0.0026  -8.2223  0.0000 —5.1494 0.0000 —4.5260 0.0000
Note: Pedroni (2004).




160 Kunrong Shen, Jian Li

Table A3  Estimation of Panel Cointegration Vector (Depreciation Rate = 10%)
FMOLS DOLS
M(39) M@0) M@l) M®@2) M@39 M@40) M@l M)
Variable TECH TECH J TECH F TECH D TECH TECH J TECH F TECH D

RD J 3.9475 2.6524
(2.1932) (1.1052)
(0.0144) (0.1350)

RD F ~0.6321 -3.1936 1.5104 —1.1692

(-0.5859) (~1.7910) (1.0500) (-0.4918)

(0.2793)  (0.0373) (0.1478)  (0.3118)

RD D 8.2493  18.5878 11.4864  18.4494

(6.9321)  (9.4508) (7.2392)  (7.0353)

(0.0000)  (0.0000) (0.0000)  (0.0000)
RD  18.6247 5.1719 267182 10.6393
(4.0541) (2.4277) (4.3619) (3.7456)
(0.0000) (0.0078) (0.0000)  (0.0001)

R 0.1319 0.1076  0.2203  0.3699 04752 04078 04754  0.5082
Implied v 1.3102 0.3982

Note: Two values in parenthesis are ¢ statistics and p-values respectively. The lead and lag terms are
one respectively in the DOLS estimation. M (39) means the model (39). The other notations
are similar.

Table A4 Estimation of Panel Cointegration Vector (Depreciation Rate = 15%)
FMOLS DOLS
M@39) M@0) M@l)  M@2)  M@39) M@0 M@l  M@2)
Variable ~TECH TECH J TECH F TECH D TECH TECH J TECH F TECH D

RD J 4.5890 3.0360
(2.2385) (1.1107)
(0.0128) (0.1338)

RD F ~0.8588 -3.9175 1.6505 —1.5390

(-0.7090) (~1.9548) (1.0220) (~0.5759)

(0.2395)  (0.0259) (0.1543)  (0.2828)

RD D 10.0273  22.3956 13.6411  22.0021

(7.4870) (10.1067) (7.6389)  (7.4468)

(0.0000)  (0.0000) (0.0000)  (0.0000)
RD 224010 63455 324637 13.0791
(4.3266) (2.5974) (4.7026)  (4.0152)
(0.0000) (0.0048) (0.0000)  (0.0000)

R 0.1473  0.1206 02523  0.4132 04786  0.4094  0.4888  0.5253
Implied v 1.3828 0.4029
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Table AS Estimation of Panel Cointegration Vector (Depreciation Rate = 20%)
FMOLS DOLS
M@39) M@0) M@l  M@#2)  M@39)  M@0) M@l  M@42)
Variable TECH TECH J TECH F TECH D TECH TECHJ TECH F TECH D
RD J 5.1404 3.3650
(2.2640) (1.1115)
(0.0120) (0.1336)
RD F -1.0604 —4.5579 1.7787 —1.8663
(-0.7961) (~2.0647) (1.0015) (~0.6341)
(0.2134)  (0.0200) (0.1592)  (0.2635)
RD D 11.6959  25.9427 15.6285  25.2891
(7.8868) (10.5557) (7.9040) (7.7173)
(0.0000)  (0.0000) (0.0000)  (0.0000)
RD 259912 7.5235 37.7216  15.3412
(4.5421) (2.7573) (4.9440) (4.2168)
(0.0000) (0.0030) (0.0000)  (0.0000)
R 0.1602 0.1314 02782  0.4475  0.4820  0.4112  0.4998  0.5404
Implied v 1.4636 0.4067
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