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A simultaneous equation model of economic growth,  
FDI and government policy in China  

1. Introduction 

China’s success in improving its economic growth and attracting foreign 

capital has generated several studies which have endeavoured to assess the role FDI 

has played in the country’s economic development. However, the research has failed 

to establish a consensus on the relationships between aggregate output, FDI and other 

possible ancillary output-inducing mechanisms. For instance, employing time series 

analysis, Tan et al (2004) detected a direct relationship between FDI and GDP and 

found that the effect is small but significant. Su (2005) analyzed the relation between 

FDI, domestic investment and output and concluded that FDI enhances output, but has 

only a limited impact on domestic investment. Liu et al (2002) focused on the link 

between FDI and economic growth through international trade. Shan (2002), also 

relying upon a VAR model, used the technique of innovation accounting to generate 

the relationship between FDI with output via labour, investment, international trade 

and energy consumed. The main findings were that output has not been caused 

significantly by FDI but, rather, has been an important determinant of it. One of the 

reasons the ambiguity in the findings is that the studies focused on one or several 

different channels through which FDI might affect the macro-economy, but 

concentrating predominantly on uni-directional impact effects.  

A more comprehensive framework, in the form of a simultaneous equations 

system, is required to assess those possible interactions. This should incorporate not 

only real aggregate output (or economic growth depending upon the appropriate order 
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of integration of the variables demanded by the econometric framework) and FDI, but 

also on the supply side: the potential spill-over effects from FDI (for example, see 

UNCTAD (1992), UNCTAD (2003) and Chudnovsky (1993)); labour supply; 

domestic capital formation; and, measures of the technology level in the economy. All 

of those variables might be considered to be endogenous. To them should be added 

further endogenous variables that might inter-relate with them: saving and wealth, 

possibly important indicators of the sources and availability of finance for capital 

investment (so that the sole reliance on the accelerator mechanism as the determinant 

of investment is removed); and, the stock of human capital, emphasised by 

endogenous growth theory. However, just as important, is the set of exogenous 

variables that might determine the vector of endogenous variables.  

Those exogenous variables should include policy variables and indicators of the 

changing backdrop to the economy over the years. That backdrop is of paramount 

importance in the case of the Chinese economy. Both these considerations are 

accommodated in the model which we formulate and analyse in this paper. In respect 

of government policies as such, we incorporate central aspects of monetary, fiscal and 

commercial policy. Those key indicators of such policies, taking seriatim, are 

captured by “the” interest rate, tax revenues and expenditure on education and the 

infrastructure, and by the inclusion of the exchange rate. For example, the interest rate 

can be a surrogate for Tobin’s q and together with saving and/or wealth might be a 

significant influence on domestic capital formation, especially as the economy 

became more liberalised over the years.  
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In regard to the “backdrop” to the economy, we are thinking of the changes that 

have been made in what has been called the “opening out” of the Chinese government 

since 1979. Although the government has reduced its intervention in the economy 

since that time, it still exercises a strong influence in the economic sphere. The 

reforms that it has instituted have, over the years, increasingly liberalised the financial 

and commercial sectors; and have opened up the economy to international trade and 

to FDI. We endeavour to capture those forces by the use of several variables; one of 

which is a dummy variable that tracks the increasing openness of the Chinese 

economy of the years since 1979. Other variables reflect more immediately the 

reforms in the financial sector (such as the volume of bank credit).   

Just as there has been some, albeit restrictive, work assessing the role of FDI in 

economic development in China, it must be acknowledged that some research has 

been conducted on the impact of policy variables on the Chinese economy. For 

example, Dickinson and Liu (2005) tested the effects of the interest rate on output. 

Lardy (1992), as well as Zhang (1998), showed that China’s exchange rate policy is 

closely related to foreign trade targets. The OECD (2000) concluded that there is a 

positive role of openness, physical and technology infrastructure in improving 

economic growth through increased productivity, as well as in attracting FDI inflows. 

However, as with the VAR studies noted earlier on the economic growth – FDI nexus, 

nearly all of those studies about government policies have either only discussed the 

direct correlations of particular policy variables with economic growth without FDI, 

or focused on FDI policies and their indirect effect on economic growth.  
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So our paper is an attempt to repair the drawbacks in both types of study on 

China. In doing so, we combine into one system the variables that have been used in 

both varieties of enquiry, as well as including further variables: and with a set of 

exogenous variables we move to a simultaneous equations system (following the kind 

of framework used by Bende-Nabende and Ford (1998) in their study of economic 

growth in Taiwan). We have estimated our system by 3SLS and by GMM; and we 

report the estimates from the application of GMM since these were the best on all 

criteria, as we will note. The system is a dynamic one, and so we provide the 

multiplier effects arising from the exogenous, and therefore also from some of the 

policy, variables upon the endogenous variables. Those of special interest being those 

related to the impacts of real aggregate output and FDI.  

In sum: we are seeking answers to these kinds of questions: What kind of 

economic polices, or economic governance, will be beneficial to economic growth, 

directly or indirectly? Will these be maintained in the long run? Will government 

policy affect FDI? If so, through what channel? Will FDI enhance or hinder economic 

growth?  Do spill-over effects influence economic growth? Are they affected by 

particular government policies and intervention? 

The remainder of this paper is divided into three major sections. Section 2 sets 

out the specification of the system, discusses the variables, and their measurement. 

The graphs of the endogenous variables are not given separately, since they appear 

later in Figures 1-7. Section 3 sets out our econometric methodology and reports 

overall diagnostic statistics from our estimates that justify its application to our 
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system. Our empirical results are reported and analysed in Section 4, with emphasis 

on the important questions regarding the links between GDP and FDI, and so on. This 

is followed in Section 5 by consideration of the impact and dynamic multiplier effects 

generated from the estimates; which enable us to see the impact of specific exogenous 

variables, such as government fiscal policies, on GDP, FDI and the other endogenous 

variables. Section 6 summarises our discussion and analysis. Appendix A contains 

time-series plots of the exogenous variables used in the estimation, as will be noted as 

appropriate. Appendix B provides details of the “liberalization” variable that we used 

in the econometrics. Appendix C provides some technical observations on the 

alternative estimators to GMM upon which we report here. We employ stationary 

variables and Appendix C is particularly concerned with the employment of I(1) 

variables in estimation of a simultaneous equation model, using 2SLS, and the 

uncovering of cointegration vectors (Hsiao 1997a, 1997b).   

 

2. Modelling economic growth, FDI and Government intervention 

This attempt to model the economic growth in China is influenced, as remarked above, 

mainly by endogenous growth theory and the existence of positive spill-over effects 

under the theory of international production. Our model is motivated by the study by 

Bende-Nabende and Ford (1998) of economic growth in Taiwan. The central building 

block in the model, following endogenous growth theory, is that the growth of output 

is a function capital formation, employment, FDI, and the indirect benefits that FDI 

embodies, such as, human resources development, new technology transfer (see 
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Solow (1970), Lucas (1988), Romer (1990)), and the opening up of the economy to 

international trade. Those endogenous variables are then determined by the exogenous, 

largely, government policy, variables.    

 The model, containing 9 endogenous variables and 10 exogenous variables, is in 

general format:   

GDP = f (KAP, EM, HK, FDI, TTECH, SAV, libdummy, gtran)               (2.1) 

KAP= f (GDP, OPEN, FDI, SAV, interest, bc, libdummy, tax)                (2.2) 

EM= f (GDP, HK, OPEN, FDI, interest, inflat)                           (2.3) 

HK= f (GDP, FDI, TTECH, SAV, interest, gtran,gee)                       (2.4) 

OPEN= f (GDP, KAP, EM, HK, TTECH, interest, pc, rmb, inflat, libdmmy)     (2.5) 

FDI= f (GDP, HK,OPEN, TTECH, interest, pc, rmb, wage, libdummy, tax, gtran)(2.6) 

TTECH= f (GDP, KAP, OPEN, FDI, rmb,gee)                            (2.7) 

SAV= f (GDP, EM,WEALTH, interest, pc, tax)                            (2.8) 

WEALTH= f (GDP, OPEN, SAV, interest, bc, inflat)                        (2.9) 

The notation and measurement of the variables (all are annual figures) is as follows. 

We begin with the endogenous variables. All real variables are measured in 1990 

prices. GDP is real GDP; KAP is real domestic capital formation, since data on the 

stock are not available. Research on the impact of capital stock on economic growth 

has often used the investment figure as a proxy for the stock (for example, see 

Balasubramanyam et al. (1996(a), 1966(b)), Li and Liu (2005), and Greenaway et al 

(2007)). However, following Jorgenson (1973) and (1980), we constructed a series of 

the capital stock, using capital formation. However, the resultant series produced 

almost identical statistical results to those reported here, so we used the published 

figures of capital formation; EM is employment, measured by the annual average 
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employment; HK, human capital, is the ratio of student enrolment in secondary 

education normalized by the population in the appropriate age cohort. The latter 

variable is calculated as the product of total population and the birth rate of the 

relative year; OPEN is an indicator of the openness of the economy, and is measured 

as the sum of real exports and real imports of goods and services. In some studies this 

is used as a ratio to GDP. However, with the latter being one of the dependent 

variables in the system the ratio is not used to eliminate spurious correlation; TTECH 

is a measure of imported technology in real terms. Again it is not entered in the 

system as a ratio to GDP; SAV is real saving; and, WEALTH is the stock of real 

wealth.  

The exogenous variables, which are always referred to in lower case, and where 

relevant are measured in 1990 prices, are:  

interest: the one year deposit rate in state-owned banks;  

bc: bank credit, taken as the total credit advanced by state-owned banks; 

pc: credit advanced by state-owned banks to private sectors, and is used to measure 

financial liberalization and deregulation in China;  

rmb: the average nominal exchange rate, measured as RMB per dollar;  

inflate: the inflation rate based on the 1990 price index; wage, this is the relative wage 

rate between China and Japan, measured as a ratio of annual average wage paid in 

China to that paid in Japan;  

libdummy: the dummy variable is introduced to capture the economic reform process 

that commenced in the late 1970s. That process is a very cautious and gradual one, 
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now lasting over last 30 years. So that it cannot be captured by a standard (0,1) 

dummy variable. It has been a process which began slowly then took off a more rapid 

pace as the reforms were accepted as they were seen to be effective, until recent times 

when their pace was decelerated: as it were when diminishing returns began to emerge. 

So some kind of ogive function we might surmise is the most likely form of the 

dummy variable. The main objective of the reform is to liberalize international trade, 

private businesses in the domestic sector, and the foreign sector. Indeed, many of the 

reforms have been to provide incentives to encourage MNEs to invest in China. The 

reforms have included innovatory legislation, policy and strategy change, and it can 

be argued that the legislation related to FDI mirrors the progress of the liberalization. 

Consequently, we constructed a time series dummy variable as the percentage of that 

legislation employed by the end of each year to the sum of liberalization legislation 

made during 1970 to 2006 (details are provided in Appendix C). The result is, as it 

happens, something approaching an ogive function (Appendix C);  

tax: the total amount of real tax revenues collected by government; 

gtran: infrastructural expenditure by the government on economic sectors,  

including transport and communication network; 

gee: Government spending in the education sector. 

The data have been assembled from: the UNSTATS database; the China 

Statistical Yearbook and the Japanese Statistical Yearbook. The logarithms of all the 

endogenous variables have been employed in the estimation, as have those of the 

following endogenous variables, education spending, infrastructural expenditure, tax 



 
 

9

revenues and financial liberalisation.  

Before making some comments on the relationships in the system, we consider 

the exogenous variables that form part of our extension of current work on our topic. 

Those variables are predominantly government related, but can be classified into three 

categories: monetary policy variables, commercial policy variables, and fiscal policy 

variables. 

Among the monetary variables, it is through the interest rate and the volume of 

bank credit that the central bank endeavours to influence the economy and financial 

markets (See Dickinson and Liu (2005), Montes-Negret (1995). Credit granted by 

state-owned banks is a key monetary instrument in China. The central bank has the 

authority to allocate quotas of credit to state-owned banks. Since banks can only 

conduct business within their quota, this system allows the central bank to adjust the 

money supply by raising or reducing the total credit to banks. Though the targets of 

monetary policy are not explicit, according to Zhou (2007), to sustain economic 

growth, one of the main targets for monetary policy is the money supply M2. It is not 

clear whether the central bank targets inflation. However, we introduce inflation as an 

exogenous variable in our system. The exchange rate in China is fixed in terms of US 

dollars to facilitate international trade at most of times (and in 2006 it was announced 

that the rmb would be pegged to a basket of currencies), and in our period of study, 

only changed to balance international trade (Zhang 1998).. We treat it as an 

exogenous variable in our model.   

Commercial policy variables combine three variables, trade liberalization, 
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financial liberalization and, the largely non-government determined, relative wage 

rate. Trade liberalization policy, represented by our dummy variable is introduced to 

capture the economic reform and “opening up” strategy begun at the end of 1979. 

Financial liberalization measures the progress of financial deregulation and 

innovation. It is measured by the credit issued by state-own banks to the private 

sectors, since such credit was barely permitted prior to the financial reform. The 

relative wage rate has been viewed as one of the main determinants of FDI (see 

Blomstrom and Kokko 1997). It represents the difference in wages of labour forces 

between the host country and the country of origin of FDI. We take Japan as the 

reference economy as it is the only developed country close to China and has been 

one of the major sources of FDI for a long time. Its entrepreneurs have greater 

incentives to shift product lines to China to save labour cost.  

The fiscal policy of the Chinese government aims to boost domestic demand, and 

hence economic growth. From the supply side, government policy also impacts on 

growth through improvements in human capital and technology. The fiscal policy 

variables included in our system are tax revenues (from all sources), government 

expenditure on infrastructure and government expenditure on education. Spending on 

infrastructure includes investment in railways, roads, communication and electricity. 

 We now offer some comments on the set of relationships in the system, though 

these are more or less self-explanatory.  The output function, equation (2.1), includes 

in addition to the determinants mentioned earlier, the liberalization policy, and 

expenditure on the infrastructure: both of which would be expected to contribute, 
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indirectly, to increasing aggregate output. Saving introduces a possible demand effect 

on output; or a supply effect, also partly captured by equation (2.2). In the latter, 

capital formation is posited to depend upon financial factors in general besides the 

obvious influences of aggregate production and FDI. The cost and availability of 

capital, in effect, is encapsulated in the interest rate, financial and general 

liberalization of markets, and the level of saving. We note there has been a strong 

correlation between the rate of saving and economic growth (as suggested will be the 

case in general by, for example, Modigliani and Brumberg (1979), in China in the last 

35 years. The fiscal policy variable tax revenues, which provide funds for public 

investment and state-owned enterprises, would be expected to affect capital formation. 

The demand equation for labour, equation (2.3) will be self-explanatory. Equation (2.4) 

contains the obvious demand determinants of human capital; and also factors that 

might be anticipated to affect its supply, such as saving which reflects the funding 

available to private individuals for investment in education, and the interest rate 

which can reflect the cost of borrowing any such funds. In addition, it allows for the 

expenditure by the government on education which, obviously, can affect the level 

and quality of human capital. As well as depending upon the size of the economy and 

its level of expertise, educational and technical, the economy’s international openness 

(equation 2.5) is taken to depend upon the liberalization variables, and the exchange 

rate. In equation (2.6) for foreign direct investment aggregate output represents 

MNEs’ measure of market size. Market growth is expected to be positively related to 

FDI inflows. The relative wage rate is a potential determinant of FDI. Expenditure on 
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the infrastructure expenditure determines the level of economic development achieved 

by the country, and gives an indication of the transport and communications facilities 

it offers. Liberalization policy is an obvious potential influence on FDI. The monetary 

policy variables, the interest rate and the financial liberalization variable (private 

credit) will be indicators to MNEs of the cost of finance in China and of the degree of 

access to the domestic financial market. Amongst other things, technology transfer 

(equation 2.7) could be promoted by exchange rate depreciation and educational 

expenditure by government, which latter will raise the expertise of the workforce and 

generate demand for higher level technological goods. The suggested influences on 

saving, equation (2.8), reflect the ability to save, the need to do so, and the returns 

from so doing. The latter will be influenced by any taxes on saving and that has to be 

captured here by our tax variable. Financial wealth, equation (2.9), is measured by the 

money supply M2, and is taken to be dependent upon GDP, saving and openness from 

the endogenous variables. The policy variables included are the interest rate and bank 

credit: and the exogenous variable inflation is also expected to influence real financial 

wealth. 

 

3. Econometric specification of the system and related diagnostic statistics 

Prior to establishing the form in which the system is to be estimated, it is necessary to 

determine the order of integration of the variables. The results of the ADF (and of all 

other) tests indicated that all series are non-stationary at the 5% significant level; and 

the same tests indicate that there are no unit roots in the first differences of all the 

variables (these are not reported here but are available from the authors upon request). 
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Accordingly, the system was estimated with all variables in their first differences. 

Since most of the variables as noted above, are in logarithms then these represent their 

percentage changes. Before the final estimation several of the scalar variables were 

scaled, since some were in billions, some in millions, whilst others were in tens or less 

(such as the interest rate). As mentioned in the preamble, the time series of the 

endogenous variables, in their first difference format, are given in Figures 1-7 later, in 

the graphs of the actual and fitted values from our system estimates, except for the 

change in EM for which we could not obtain a good explanation. The observations on 

the exogenous variables in first difference form are graphed in Figures A1(a) and 

A1(b) in Appendix A.  

In matrix form the system is:  

tttttt DXCXBYAYKY ε+++++= −− 11                                  (3.1) 

Where tY ′ = (DGDP, DKAP, DEM, DHK, DOPEN, DFDI, DTTECH, DSAV, 

DWEALTH); and tX ′= (dinterest, dbc, dpc, drmb, dinflat, dwage, dlibdum, dtax, 

dgtran, dgee); tε  is the error vector; A, B, C, D are conformable coefficient matrices, 

and K is 10×1 vector of constants. Equation (3.1) is written with only 1 lag, since the 

estimates reported here generated a mathematically stable system (all roots of the 

companion matrix being less than one in absolute value) with only 1 lag. Given the 

small sample size, it is an advantage that was the case.  

The two possible estimators of the system are the Generalized Method of 

Moments (GMM) and 3SLS. We later discuss the possibility of estimating the system 

by 2SLS, whilst also using the variables in I(1) form (drawing upon Hsiao (1997a and 
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1997b). However, that would have been an incorrect estimator to use. The GMM 

proved to be the better estimator. 

Generalized Method of Moments (GMM) not only allows for correlation between 

right-hand side variables and errors, but also allows for correlation across the 

residuals, autocorrelation in the residuals, and heteroskedasticity. In this method, all 

exogenous variables and the predetermined variables are used as instrumental 

variables together with the constant. The weighting matrix in estimation uses the 

estimated coefficients from 2SLS estimation and GMM robust standard errors that are 

robust to heteroskedasticity and autocorrelation. The instruments used in the system 

were the exogenous variables in current and 1 period lagged values, the 1 period 

lagged values of the endogenous variables and the constant. The first difference of the 

logarithm of bank credit was eliminated from the equations, but was retained in the 

list of instruments, thereby slightly improving the results. As can be seen, the GMM 

estimator is identified, given that for each of the nine equations we have 30 

instruments. In total, when all coefficients are present in the system it has 164 

coefficients (including 9 constants), and with 30 instruments providing 270 

orthogonality conditions, the GMM system is identified.  

 As it happens, the first estimates produced numerous coefficients that were not 

statistically significantly different from zero. These were removed and the D-statistic 

(see Newey and West (1987)) was used to evaluate whether the restrictions held. The 

GMM produces a value, J, of the objective function that is being minimised. The 

D-statistic, analogous to the LR test is: )]ˆ()([ ββ JJT − , where T is the number of 
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observations (34) used in the estimation, β  and β̂ , respectively, denote the 

restricted and unrestricted set of estimated coefficients. Here, in the final version of 

our system, with 98 zero restrictions imposed on the coefficients, the estimates 

gave, )036183.0)ˆ(,668535.0)( == ββ JJ ; and so, D=22.73 and therefore the test 

produces a value of )98(2χ =22.73. That clearly indicates that the restrictions hold.  

 With those restrictions imposed on the estimates, the GMM is clearly 

over-identified. There are 66 coefficients in the results. To test that the 

over-identifying restrictions hold we used the J-statistic of Hansen (1982). The 

J-statistic of the restricted model is 0.668535, as noted above; that figure times T is 

distributed as )(2 qr −χ , where r equals the number of orthogonality conditions (230) 

and q (66) the number of estimated parameters. The probability of obtaining a 2χ  

value greater than the calculated )(2 qr −χ is 1.  

 There is one further technical item to report to validate the GMM estimates that 

we present below. This is to detail the eigenvalues of the companion matrix. The latter 

is readily formulated in this system with its having only one lagged vector of 

dependent variables, being (from equation (4.1)): BAI 1)( −− . Its eigenvalues are: 

0.496934, -0.201604 ± 0.296018i, 0.159528, 0.14455, -0.114272, 0.000001168, 0.000, 

and, 0.000. 

 Finally, the residuals from the nine equations, naturally, possess desirable 

properties. They are free of autocorrelation, heteroskedasticity, ARCH, are normally 

distributed (save for the equation for DEM: which has excess kurtosis of 23) and are 

stationary.  
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4. Econometric results and their implications 

4.1. Equation estimates, tables of results and graphs of actual and fitted values 

We begin with an overview assessment of the results. As we shall see the coefficients 

in each equation, whether they are few in number or several are, with only a few 

exceptions (which tests indicated should not be omitted), statistically significant. 

Despite the fact that some of the endogenous variables can be “explained” by few 

factors, the overall goodness-of-fit of the equations is high, especially for a model 

based on the first differences of the variables: the only unsatisfactory result is for the 

change in employment.   

The estimates for DGDP are given in Table 1.  

Table 1: The equation for DGDP 

Eq.DGDP Coefficient Std. Error Prob. 
Constant 0.064518 0.006358 0000.0
DKAP -0.10678 0.04826 0.0279
DEM -0.58753 0.156867 0.0002
DTTECH 0.051804 0.01562 0.0011
DSAV 0.310042 0.065396 0000.0
DHK(-1) -0.07632 0.027989 0.0069
Dlibdum 0.241238 0.108076 0.0265
R-squared: 0.677593 
Adj. R-squared: 0.605947 
S.E.of Regression: 0.0203 

 

We notice that the only endogenous variable that we set as a potential determinant of 

GDP, namely, FDI makes no signficicant contribution to the change in aggregate 

output in the short-run. The liberalization dummy does but the other prospective 

determinant of the change in aggegate output, real government expenditure on the 

infrastructure, has no impact on it. The only lagged variable that influences output is 
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that of human capital; which appears in only that form. Recalling that the information 

in Table 1 relates to changes in the logarithms of the scalar variables, a one percentage 

increase in the growth of domestic capital formation (employment) will reduce output 

growth by 0.10678% (0.58753%). Hence, assuming that the production function is 

linear in logarithms, this confirms the assumption of the Solow model that capital and 

labour inputted in production would have diminishing returns on output with certain 

level of technology.  

 The estimates of the coefficients for the DKAP equation are detailed in Table 2.  

Table 2: The equation for DKAP 

Eq.DKAP Coefficient Std. Error Prob. 
DFDI 0.007992 0.004220 0.0595 
DSAV 0.508758 0.120115 0000.0 
dinterest 0.022037 0.008148 0.0073 
dlibdum 0.528050 0.191711 0.0063 
dtax 0.296591 0.105487 0.0053 
R-squared: 0.624933 
Adj. R-squared: 0.5732 
S.E. of regression: 0.051173 

The results indicate that the change in capital formation increases with changes in FDI, 

and domestic saving. Of the endogenous variables included in equation (2.2), changes 

to output and openness have no impact on changes to DKAP. The three exogenous 

variables are significant influences, and the impact of the liberalization dummy is to 

encourage increases in DKAP: but the change in the rate of interest increases, rather 

than decreases it. An increase in tax revenue, however, promotes an increase in capital 

formation, perhaps implying that the government plays an important role in total 

investment and it may be, therefore, that this is because the government can access 

greater funds especially from state-owned banks, when private investors are crowded 
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out by the higher cost of capital. A final observation: no lags of the variables have an 

influence on the current change in DKAP.  

The estimates of the coefficients for the DEM equation are detailed in Table 3.  

Table 3: The equation for DEM 

Eq.DEM Coefficient Std. Error Prob. 
Constant 0.018706 0.00581 0.0015 
DEM(-1) 0.15953 0.11606 0.1706 
R-squared: 0.0255 
Adj. R-squared: -0.005 
S.E. of regression: 0.0213 

 

Its own lag and the constant were the only coefficients that could be retained in this 

equation. Effectively, but not that significantly, as it were, the change in employment 

is a one-period auto-regressive process.  

Table 4: The equation for DHK 

Eq.DHK Coefficient Std. Error Prob. 
Constant 0.118571 0.031296 0.0002 
DFDI 0.013288 0.006949 0.0570 
DSAV -0.515259 0.221536 0.0209 
DGDP(-1) -0.727354 0.284395 0.0112 
DHK(-1) 0.676131 0.085362 0000.0 
DTTECH(-1) 0.090232 0.034491 0.0095 
DSAV(-1) 0.370664 0.181298 0.0420 
dgtran 0.157659 0.073780 0.0336 
dgee -0.293559 0.164301 0.0752 
dgtran(-1) 0.006782 0.002676 0.0119 
dgee(-1) -0.233235 0.132925 0.0806 
R-squared: 0.827863 
Adj. R-squared: 0.753021 
S.E. of regression: 0.039051 

 

All the endogenous variables hypothesised in equation (2.4) to be the determinants of 

human capital and its change, have statistically significant impacts on it, either in their 
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current or lagged form. Of the policy variables, only the rate of interest does not affect 

human capital. Changes in human capital are reduced by recent past changes in output 

and by current changes to saving: however, lagged changes in saving generate 

changes in the current level of human capital. The impacts of changes in real 

expenditure on education by the government are negative: probably the fact that our 

model was only valid with 1 lag of the variables, has meant that we could not 

capturesufficiently the lag-in-effect of expenditure on education.  

Consider now the equation for DOPEN. The estimated coefficients are given in 

Table 5. 

Table 5: The equation for DOPEN 

Eq.DOPEN Coefficient Std. Error Prob. 
DGDP 1.018797 0.655076 0.1212 
DKAP 0.585985 0.437985 0.1822 
DGDP(-1) 0.955254 0.473661 0.0448 
DEM(-1) -2.828256 0.448402 0.0000 
dinterest -0.028923 0.016022 0.0723 
dinflat 1.527575 0.411691 0.0003 
dlibdummy -1.213515 0.597448 0.0433 
dinterest(-1) -0.02881 0.007809 0.0003 
dpc(-1) -0.042768 0.007217 0.0000 
dinflat(-1) 0.559525 0.344369 0.1055 
R-squared: 0.550505 

Adj.R-squared: 0.381944 

S.E. of regression: 0.100459 

 

Only HK and TTECH of the endogenous variables and the exchange rate of the 

exogenous variables, included in equation (2.5), have no impact on the change in 

openness. The rate of economic growth and the key variables that affect from the 

production side increase the rate of growth of the degree of openness in the Chinese 
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economy. An increase in liberalization, through either the process of general 

economic reform or financial reform, reduces the degree of openness. However, the 

negative response from changes to the rate of interest can be rationalised through the 

link between those changes and economic growth and its determinants, which will set 

in train reduced economic activity and thereby reduced international trade.  

The estimates for the DFDI equation are reported in Table 6. 

Table 6: The equation for DFDI 

Eq.DFDI Coefficient Std. Error Prob. 
Constant -3.921246 0.741941 0.0000 
DGDP 55.36268 10.92059 0.0000 
DHK 2.962761 0.427896 0.0000 
DTTECH -1.642193 1.167767 0.1609 
DHK(-1) -20.77836 3.347456 0.0000 
DTTECH(-1) -1.955718 0.663393 0.0035 
dpc -2.110393 0.194813 0.0000 
drmb -0.970493 0.233748 0.0000 
dwage -3.395933 0.611876 0.0000 
dtax 0.748263 0.301567 0.0138 
dinterest(-1) -0.178005 0.098678 0.0725 
drmb(-1) -0.91826 0.26781 0.0007 
dwage(-1) 2.567548 0.499331 0.0000 
dgtran(-1) -5.274284 1.252781 0.0000 
R-squared: 0.845777
Adj. R-squared: 0.745532
S.E. of regression: 1.11932

 

In terms of the overall statistics, the variables that are retained in the equation in the 

light of our earlier discussion (and equation (2.6)), these are “good” results. We see 

here further evidence that FDI in China is driven by rapid economic growth, as we 

observe that output growth or the growth of market size accelerates the gowth in FDI 

considerably. The identical finding applies to the current growth of human, though the 

lagged impact is negative. Thus, human capital development would attract more FDI, 

but this could consequently narrow the gap between the productivity of domestic 
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businesses and MNEs. The upshot could be a crowding out of FDI from those MNEs 

that lost their advantage in technology and management. On similar reason, we could 

rationalise the decelerating effects of current and lagged technology development on 

FDI.  

Among the exogenous variables, the results indicate that the changes in the 

interest rate and financial liberalization diminish the growth of FDI. This outcome 

come be rationalised by the following argument. Financial liberalization facilitates 

economic activities by reducing transaction costs and relaxing constraints on the 

availability of financial funds, especially for private sectors, thereby increasing their 

ability to compete with foreign investors. On the other side, lower interest rates could 

benefit FDI by allowing MNEs to borrow at reduced cost from the financial market in 

China. Changes in exchange rate, both current and lagged, decelerate the growth of 

FDI, as a depreciating domestic currency would raise the price of import goods, 

rendering FDI less attractive to those industries that would require imported raw 

materials or components of final products should they opt to locate in China.  

The wage rate variables produce inconsistent impacts on FDI. The lowering of 

the current relative cost of labour in China stimulates the growth of FDI; but its 

lagged effect is negative. In terms of government policies, the estimates suggest that 

contrary to expectation, an increase in infrastructural expenditure reduces the growth 

of FDI. Again, one simple explanation for this outcome is that what possibly matters 

is cumulative infrastructural investment over a number of years: however, with the 

limited data set that is available for China, we cannot construct such a series. That 
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might have been more feasible had quarterly data been available on all our variables 

from 1970.   

We now consider the estimates for DTTECH in Table 7.  

Table 7: The equation for DTTECH 

Eq.DTTECH Coefficient Std. Error t-Statistic Prob. 
Constant -0.483906 0.208055 -2.325852 0.0209 
DGDP 0.33328 0.139356 2.391577 0.0175 
DGDP(-1) 3.199334 1.049832 3.047472 0.0026 
DKAP(-1) -1.141145 0.533606 -2.138551 0.0335 
DOPEN(-1) -0.675207 0.243134 -2.7771 0.0059 
drmb 0.218722 0.049537 4.415299 0.0000 
drmb(-1) -0.130916 0.037982 -3.446795 0.0007 
dgee(-1) 2.357488 0.627006 3.759915 0.0002 
R-squared: 0.624416 
Adj. R-squared: 0.523297 
S.E. of regression: 0.172066 

 

Only FDI of the suggested determinants of this variable (equation (2.7)) has no impact 

on it. The impacts are substantially in line with the intuition given earlier.  

The equations for DSAV and DWEALTH are reported in Table 8. In regard to 

DSAV all three endogenous variables that were anticipated to influence it do so: the 

change in wealth is negative, which could reflect a lower need to save and thereby add 

to the stock of wealth. The the proxy for the monetary return to saving does not 

impact on the change in saving; but, as we might expect, for given interest rate, a 

change in inflation elicits a decline in the growth of saving. Again, the overall value 

of the equation is high. For the change in wealth, we find one of the lowest levels of 

goodness-of-fit; and only (say) three signficant influences on it. The rate of growth of 

output increases the rate of accumulation of wealth, as anticipated, while, however, an 
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increased saving rate tends to lower current wealth and so too does inflation.  

Table 8: The equations for DSAV and DWEALTH 

Eq.DSAV Coefficient Std. Error Prob. 
DGDP 2.204907 0.302180 0.0000 
DEM 1.242072 0.373534 0.0010 
DWEALTH -0.562443 0.228928 0.0147 
DGDP(-1) -0.534367 0.413687 0.1977 
dtax(-1) 0.218526 0.110054 0.0482 
R-squared: 0.709989 
Adj.R-squared: 0.669988 
S.E. of regression: 0.044655 
Eq.DWEALTH Coefficient Std. Error Prob. 
constant 0.106587 0.040544 0.0091 
DGDP 1.007693 0.496396 0.0435 
DSAV -0.433163 0.271031 0.1113 
dinflat(-1) -0.347165 0.23108 0.1343 
R-squared: 0.291273  
Adj.R-squared: 0.2204  
S.E. of regression: 0.053557 

           

As we remarked earlier, these results overall are almost as good as we might expect to 

achieve from a system in which the variables are in their first differences. The graphs 

of the actual and fitted values, Figures 1 and 2, as well as obviously illustrating that, 

show how well, on balance, the fitted equations track their cyclical paths.   
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Figure 1: DGDP, DKAP, DEM, DHK and DOPEN: Actual and fitted values 
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Figure 2: DFDI, DTTECH, DSAV and DWEALTH: Actual and fitted values 
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4.2 Overview of the estimates and the inter-relationships between the variables  

The relationships between the variables provided by the preceding structural 

equations are summarized in Table 9, where the equations are in the columns. From it, 

we can find that direct effects of FDI on spill-overs are significant for capital 

formation and human capital. Both of them are positive. The change in output can 

accelerate changes in openness, technological development, saving and financial 

wealth, but decelerate the change in human capital, which is positively determined by 

technology.  
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Table 9: Summary of direct relationships  

Explanatory 
variables 

DGDP DKAP DEM DHK DOP DFDI DTT DSAV DW 

DGDP    (−) (+)+ + (+) + (−) + + 

DKAP −    +  (−)   
DEM −  (−)  (−)   +  
DHK (−)   (+)  (−)+    
DOPEN       (−)   
DFDI  +  +      
DTTECH +   (+)  (−) −    
DSAV + +  (+) −     − 
DWEALTH        −  
dinterest  +   (−)− (−)    
dpc     (−) −    
drmb      (−) − (−)+   
dwage      (+)−    
dinflat     (+)+    (−) 
dlibdum + +   −     
dtax  +    +  (+)  
dgtran 

   (+)+  (−)    

dgee 
   (−) −   (+)   

(−) denotes that the coefficient of lagged variable is significantly negative 
−  denotes that the coefficient of current variable is significantly negative 
(+) denotes that the coefficient of lagged variable is significantly positive 
+  denotes that the coefficient of current variable is significantly positive 
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5. Reduced and final forms of the system: Inter-dependent effects and impact, 

interim, and cumulative dynamic multipliers 

Although our structural model provided the direct effects on the endogenous variables 

of the exogenous variables, of itself it cannot reveal their indirect and hence, long-run, 

effects. To uncover those effects we use the reduced and final forms of the system 

(3.1). The reduced form is important because it self-evidently purveys the extra 

information that it is the purpose of the simultaneous system, with its joint 

dependency of the endogenous variables, to generate. The final form enables us to to 

derive the multiplier effects that will emanate over time from a unit change to any 

given exogenous variable.  In particular, those effects permit us to evaluate how 

economic growth, FDI and other spill-over variables respond to policy instruments 

over time and in the long-run. The latter effects being the cumulative multiplier 

effects over a wide time span: technically, out to infinity by which point the 

time-by-time effects will have been reduced to zero.   

The reduced-form of system (3.1) is:  

ttttttt AIuuXDXDYDdY ε1
132110 )(; −
−− −=++++=                      (5.1) 

Where: DAIDCAIDBAIDKAId 1
3

1
2

1
1

1
0 )(,)(,)(,)( −−−− −=−=−=−=    (5.2) 

From equation (5.1), by continuous lagging of the equation and substitution of the 

resultant lags of the equation, we arrive at the final form of the model, provided that 

the eigenvalues of 1D , the companion matrix, are all less than 1 in absolute value, so 

that the multiplier effects approach 0. As we have noted earlier the companion matrix 

in our system has that property. The final form is:  
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iti
i

iti
i

tt uDXDDDDXDdDIY −−
−− ∑∑ +++++= 1321
1

120
1

1 )()(              (5.3) 

The coefficient matrices of the final form are:   

)(),(),(,, 321
1

1321
2

132113212 DDDDDDDDDDDDDDDD i ++++ −K           (5.4) 

The impact multipliers are defined by the elements of matrix D2, which indicates the 

immediate effect of exogenous changes. The elements of the other matrices provide 

the period-by-period (interim) multipliers. Summation of the coefficient matrices in 

(5.4) together gives the total, cumulative, multiplier effects of the system:  

)()( 32
1

1 DDDIS +−= −                                              (5.5) 

 

5.1 Reduced form matrices, impact and cumulative multipliers 

Table 10 contains the signs of the elements of the matrix 1D . This form of 

presentation is probably more informative than the values of the elements: these are 

available upon request from the authors. Using the signs makes it easier to compare 

the responses with those in Table 9 derived from the estimates of each structural 

equation. In Table 10 the signs from the reduced-form are given in without brackets, 

whilst any companion sign from Table 9, on the current value of the endogenous 

variables, is included in {.}. We do not provide any details of matrices 2D and 3D  

since the information that the former contains is provided in the top half of Table 11; 

and that contained in the latter matrix is implicitly contained in the lower half of that 

table and in the interim multipliers, one graph of which we provide for illustrative 

purposes shortly.  
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Table 10: Matrix D1: Signs of reduced form coefficients on the endogenous 
variables lagged once 
 
 Variables 
Equation DGDP DKAP DEM DHK DOPEN DFDI DTT DSAV DW 
DGDP  -  -  - {-} - - 0  + - 0
DKAP - - + - - {+}0 - + 0
DEM - - {-} + 0 0 0 0.000 0 0
DHK {-}  - + - {+} + + {+} 0 {+}0.066 {+} + 0
DOPEN {+} + {+} - - - - 0 -0.002 + 0
DFDI {+} - - - {+} - - 0 {-}-1.588 + 0
DTT {+} + {-} - {-} - - {-} - 0 0.001 - 0
DSAV {-} - - {+} + - - 0 0.007 - 0
DW {+} + - - - - 0 0.000  - 0

 

We consider the equations just for economic growth and FDI. For economic 

growth the results of the inter-action between the variables has resulted in all one 

period lags, save those for FDI and wealth (which have zero impact) and technology, 

having, having a decelerating impact on it, rather than just the lagged values of capital 

and employment. Only accelerations in the (lag of the) variables with the single 

exception of the accumulation of technology, decelerate economic growth. More or 

less the same conclusions can be drawn for domestic capital formation. Additionally, 

the effect of lagged economic growth on FDI is to decelerate its rate of growth; as is 

the impact from human capital.   

Table 11 contains the matrices of impact and cumulative multipliers (which have 

been given to 3 decimal places and, similarly, with some of the notations for the 

endogenous variables shortened). Since all the multiplier effects die out under the 

stability condition, it is only necessary to cover the multiplier effects within a certain 

period, discarding the trivial ones in the long-run. Consequently, the interim and 
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cumulative multipliers are calculated for a period of 30 years in our analysis. In fact, 

the interim multiplier effects of all exogenous variables die out in about 10 years.  

Since our estimations were carried out using first differences series, the 

multipliers are accelerations or decelerations of the endogenous variables as a result 

of a unit change in the change in a specific exogenous variable. That unit change will 

be a rate of change also for the scalar exogenous variables. We highlight some of the 

impact multipliers and cumulative multipliers given in Table 10, before considering 

the interim effects of the policy variables on the central variables, DGDP and DFDI.  

Table 11: Impact and Cumulative multipliers  

Impact multipliers 
  dinterest dpc drmb dinflat dwage dlibdum dtax dgtran dgee 

DGDP -0.005 0.004 0.026 0.000 0.006 0.389 -0.001 -0.001 0.002 
DKAP 0.014 -0.012 0.029 0.000 -0.019 1.124 0.004 0.003 -0.005 
DEM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
DHK 0.002 -0.031 -0.029 0.000 -0.050 -0.157 0.011 0.164 -0.306 

DOPEN -0.026 -0.003 0.044 1.528 -0.004 -0.158 0.001 0.001 -0.001 
DFDI -0.266 -1.985 0.029 0.000 -3.194 20.883 0.704 0.439 -0.818 
DTT -0.002 0.001 0.228 0.000 0.002 0.130 0.000 0.000 0.001 

DSAV -0.011 0.009 0.057 0.000 0.014 0.843 -0.003 -0.002 0.004 
DW 0.000 0.000 0.002 0.000 0.000 0.027 0.000 0.000 0.000 

Cumulative multipliers 
  dinterest dpc drmb dinflat dwage dlibdum dtax dgtran dgee 

DGDP -0.003 0.011 0.015 -0.027 0.003 0.291 0.012 0.000 0.271 
DKAP 0.015 0.002 0.006 0.177 0.000 0.884 0.502 -0.068 0.375 
DEM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
DHK 0.010 -0.050 -0.042 -0.189 -0.020 -0.098 -0.117 0.164 -0.858 

DOPEN -0.056 -0.019 0.034 2.138 0.007 -0.120 0.317 -0.039 0.756 
DFDI -0.574 -0.768 -0.700 8.148 -0.299 17.505 6.166 -8.555 21.751
DTT 0.009 0.050 0.113 -1.739 0.007 0.101 -0.745 0.105 2.378 

DSAV -0.005 0.017 0.022 0.219 0.005 0.425 0.306 0.001 0.396 
DW -0.001 0.004 0.006 -0.469 0.001 0.109 -0.121 0.000 0.102 

 

To process the information in Table 11, we can consider the impacts of the three 
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categories of policy variables. We begin with the monetary policy variables, the 

interest rate, the exchange rate and inflation (remember, bank credit was removed 

from each of the nine equations). As expected, for economic growth, the impact and 

total effects are: the interest rate is inimical to it, and the depreciation of the currency 

is beneficial to it. However, an acceleration in inflation has no impact on economic 

growth immediately, but does harm it, as might be anticipated, in the long-run. 

Immediately and in the long-run, domestic capital formation increases with exchange 

rate depreciation, due arguably to the latter’s impact on aggregate output; as was the 

case with the latter, inflation has a neutral impact on capital formation. 

Counter-intuitively, the interest rate effect on capital formation is positive. What about 

FDI? Its immediate changes mirror those to economic growth, but in the long-run it 

responds negatively to an acceleration of inflation.   

Consider now commercial policy variables: financial liberalization (pc), the 

relative wage variable (wage) and trade/general liberalization (libdum). The effects of 

all variables upon output in both time frames are positive: though we would not 

generally expect the wage effect to be so. Domestic capital formation is promoted by 

general liberalization both immediately and in the long-term. However, the immediate 

response to financial liberalization is negative, while that policy has a favourable 

long-term effect on it: and, likewise in regard to the wage variable. On the other hand, 

the effects are identical over the two time frames: trade/general liberalisation 

engenders a substantial response to it; and the response to the wage rate is large 

initially and is, as intuition suggests, negative in both cases. Financial liberalization 
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produces similar qualitative responses: so an increased pace of financial development 

reduces the pace of FDI.   

The fiscal tools/policies we repeat are: tax revenues, governmental expenditures 

on the infrastructure and on education. In both the immediate period and in the 

long-term, acceleration of government expenditure on education accelerated 

economic growth; whilst in the short-run acceleration of expenditure on the 

infrastructure reduces the pace of economic growth, in the long-run it will have had 

not impact at all. An acceleration in the growth of tax revenues will decelerate 

economic growth immediately, but in the long-run it will accelerate it. This might be 

rationalised by this form of argument: the rise in tax revenues reduces profits of 

private companies, therefore decelerating capital investment and economic growth in 

the short-run. The rise in taxes provides greater funds for government spending on 

public services and investment, economic and social development increase in the 

long-run. Capital formation accelerates in the long-run in response to tax revenue and 

expenditure on education; but seems to get squeezed out in the long-term by the 

government’s capital expenditure on the infrastructure. The short and long-run effects 

of the policy variables on FDI match those on domestic capital formation: thus, an 

acceleration in government expenditure on education accelerates FDI, whilst an 

acceleration in expenditure in real investment crowds out FDI.  

The estimates of the system informed us that saving can be a significant influence 

in generating greater growth of output and of one of its determinants, domestic capital 

formation. So, how do the various types of policies affect saving? In regard to impact 
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effects, all policy variables increase the rate of saving, except the interest rate, and the 

two government expenditures. In the long-term all policies, with the sole exception of 

the change to the rate of interest, enhance the growth of saving. Therefore, the 

qualitative long-run multipliers for the growth of, output, capital formation and saving 

are almost identical.  

Aside with the multiplier effects on economic growth and FDI, there are also 

several points that can be extracted from the multipliers on the spill-over variables. 

The negative effect of the change in interest rate on economic growth might be 

through channels such as FDI and openness, where international trade that is mainly 

conducted by private sectors would suffer from higher borrowing costs. It is observed 

the policy instruments, with the single exception of infrastructural development, have 

detrimental consequences for human capital. As suggested by Fujita and Hu (2001), 

that may the result of enhanced regional disparity due to rapid economic growth and 

international integration, which generates agglomerations of human capital in the 

more developed regions in China, but deterioration in its development at the whole 

national level. In contrast, the policy instruments, apart from changes in the level of 

tax revenue, encourage technology improvement which, as the system estimates show, 

raises economic growth.  

 

5.2. Interim multipliers for GDP 

The number of multipliers (90) means that we have to extract from them those for the 

key variables. We have chosen to present just the time series of the multipliers for 
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growth of output. The remaining graphs can be obtained from the authors on request. 

However, they convey similar time paths as those for DGDP. Essentially the 

multiplier effects become infinitesimal in graphical terms after a handful of periods, 

though they move around a value of zero. Some of them are such that the cumulative 

responses are the sum of those for the fist 30 periods as might be suggested by the 

graphs in Figure 3. It is important to point out that these multiplier effects are those 

that start at period 1 and go out to period 30. Consequently, the first responses in the 

graphs are not the impact effects noted in Table 10.   

Figure 3: The interim multipliers for DGDP 
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The early effects exhibit varying degrees of cyclical characteristics, as a consequence 

of the presence of a pair of complex numbers in the eigenvalues of the companion 
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matrix.  

 

6. Summary and conclusions 

Towards the end of our introduction we posed some questions that we would be 

seeking to answer from our model. To repeat them, but numbering them for easy 

reference, these were: (1) What kind of economic polices, or economic governance, 

will be beneficial to economic growth, directly or indirectly? (2) Will these be 

maintained in the long run? (3) Will government policy affect FDI? (4) If so, through 

what channels? (5) Will FDI enhance or hinder economic growth? (6) Do spill-over 

effects influence economic growth? (7) Are they affected by particular government 

policies and intervention? 

Consider (1) and (2). Our findings suggest that all government policies are 

beneficial to economic development, while changes in trade liberalization and 

government expenditure on education are the most effective instruments in 

accelerating the rate of growth of output in the long-run.  

In respect of (3) and (4), our conclusion is that some government policy 

instruments also play important roles in affecting the change in FDI. To be precise, 

liberalization and government expenditure on education have a substantial impact on 

the acceleration of FDI, just as they have on economic growth. By contrast, the 

monetary policy instruments, and government expenditure on the infrastructure, 

decelerate FDI since they appear to improve the competitiveness of domestic sectors, 

thereby crowding out FDI.  
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In the long-run that crowding-out of FDI might have no impact on economic 

growth, since in answer to question (5) we see from Table 10 that both in the 

structural and reduced form for economic growth, lagged FDI has no impact on that 

growth, and from the structural equation neither does current FDI.    

Moving on to question (6), what is the relationship between economic growth and 

the spill-over factors, human capital and accretions of improved technology? In the 

structural equations, only the current change of pace in technological advance 

accelerates economic growth, but lagged human capital reduces that growth. Identical 

qualitative impacts of the two variables on economic growth arise in the reduced form 

of the system.   

Are the spill-over effects on economic growth influenced by the government 

policies in the model (question (7))? In the structural equations, human capital 

responds positively (negatively) to both the current and lagged values of government 

real capital (educational) expenditure: and these are matched, obviously, by the 

immediate impacts of those expenditures. In the long-run, a ceteris paribus increase in 

both expenditures reduces the pace of growth of human capital. Monetary policy 

changes are not significant factors in the structural equation; and in the short-run and 

the long-run, increases in the rate of growth of financial liberalization and exchange 

rate depreciation, reduce the rate of accumulation of human capital. General 

liberalization of the economy tends to do likewise.  

What about the impacts on technological development? Of itself it is only 

affected by one monetary policy (the exchange rate) and one fiscal policy variable 
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(the government’s real capital expenditure). The current (one period lag in the) change 

in the exchange has a positive (negative) influence; whilst lagged expenditure 

stimulates the growth of technology. The impact and long-run impacts of almost all 

types of government policies encourage technological development. The exceptions in 

the long-run being changes in total taxes levied.  

In sum, our findings indicate that, all government policies (save raising interest 

rates “too much”) are beneficial to economic development, while changes in trade 

liberalization and government expenditure on education are the most effective 

instruments in accelerating the change in output in the cumulative long-run. 

According to the results, policy instruments also play important role in affecting the 

change in FDI. Those two instruments, liberalization and government expenditure on 

education play the same remarkable roles in accelerating the change in FDI as for 

economic growth. But some instruments have decelerating effect on FDI in the 

long-run as they would contribute more on improving the competitiveness of 

domestic sectors therefore crowd out FDI consequently. According to our results, the 

role of the interest rate on capital formation in China is contradictory to what theoretic 

hypothesis has suggested. And human capital does not seem to benefit from policy 

instruments. In addition, we note that most of the exogenous variables, exhibits 

ambiguous dynamic effects on the endogenous variables. Thus, we conclude that 

output, FDI and the spillovers might overreact to government intervention at some 

stage, and need to be restrained.  
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Appendix A: Figures of exogenous variables as used in the system  
 
 
Figure A1(a): Exogenous variables in first difference format 
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Figure A1(b): Exogenous variables in first difference format 
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Appendix B: The dummy for liberalization 
Table B1:  Summary of progress in legislation related to FDI: China Investment Yearbooks 

Time  Implementation of Laws and Regulations 

July 1979 the Law of People’s Republic of China on Joint Ventures Using Chinese and Foreign 

Investment 

1983 Regulation for the Implementation of the Law of the People’s Republic of china on 

Chinese –foreign Equity Joint Ventures 

1986 Wholly Owned Subsidiaries Law (WOS Law) 

1986 Provision for the FDI Encouragement 

1986 Constitutional Status of Foreign invested Enterprises in Chinese Civil Law 

1987 Adoption of Interim provision on guiding FDI 

1988 Delegation on approval of selected FDI projects to more local governments 

1988 Laws of cooperative joint ventures 

1990 Revision of equity joint venture law 

1990 Rules for implementation of WOS law 

December 1990 Detailed Rules and Regulations for the Implementation of the People’s Republic of 

China Concerning Joint Ventures with Chinese and Foreign Investment 

1991 Income tax law and its rules for implementation 

1992 Adoption of Trade Union Law 

1993 Company Law 

1993 Provision regulations of value-added tax, consumption tax, business tax and enterprise 

income tax 

1994 Law on Certified Public Accountants 

1994 Issues relating to Strengthening the Examination and Approval of Foreign-funded 

Enterprises. 

1994 Provisions for Foreign Exchange Controls (1995) 

1995 Provisional Guidelines for Foreign Investment Projects (1995) 

1995 Insurance Law 

1995 Law of Commercial Bank 

1995 Detailed rules for implementation of Cooperative Joint Venture Law (1995) 

1996 Further delegation For Approving FDI to Local Government 

1997 Provisions for Foreign Exchange Controls (1997) 

1998 Provisions on Guiding Foreign Investment Direction (1998) 

2000 Industrial Catalogue for Foreign Investment in the Central and Western Region 

2001 Administrational Rules for Foreign Financial Institutions 

2001 Revision of Equity Joint Venture Law 

2001 Revision of regulation for the implementation of the law of the People’s Republic of 

China on Chinese-foreign Equity Joint Ventures 

2001 Rules for Implementation of WOS Law 

2002 Provisions on Guiding Foreign Investment Direction (2002) 

2003 Provision Rules for Foreign-funded Enterprises in International Trade  

2004 International Trade Law 

2005 and 2006  No significant changes 
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Figure B1: Libdum 
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Appendix C: Methodology: GMM versus the alternatives 
 

There are obviously several econometric techniques other than GMM that could have 

been used to estimate the system in the main text, such as 2SLS estimation and 3SLS. 

However, the system two-stage least squares (2SLS) estimator is not appropriate here, 

being only an appropriate technique when some of the right-hand side variables are 

correlated with the error terms, and there is neither heteroskedasticity, nor 

contemporaneous correlation in the residuals. Three-stage least squares (3SLS), the 

two-stage least squares version of the SUR estimator is, indeed, in principle an 

appropriate estimator when right-hand side variables are correlated with the error 

terms, and there is both heteroskedasticity, and contemporaneous correlation in the 

residuals. However, we found the better estimator was GMM for any specification of 

the system; especially when restrictions were imposed on some of the coefficients, 

when the GMM produced better R2, more crucially, better adjusted-R2, and by the 

procedure used produced residuals which possessed all the desired characteristics, as 

noted in the main text.  

Estimation of simultaneous equations with I(1) variables 

Our estimates used the variables in their stationary form. When estimating with I(1) 

variables, Hsaio (1997a) has demonstrated that 2SLS can be used to as an estimator 

provided that the variables are cointegrated. In that eventuality, Wald type test 

statistics remain asymptotically Chi-square distributed. Hence, with a simultaneous 

system, the existence of non-stationary series in levels might not lead to spurious 

regressions. Therefore, Hsiao (1997b) gave two conditions needed to validate using 
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I(1) variables in levels with 2SLS. First, the variance-covariance matrix of the 

exogenous variables converges to a matrix that is non-singular, which means no 

multi-collinearity among variables. Secondly, the roots of the companion matrix of 

the dynamic system are all less than one in absolute value, which is equivalent to the 

condition that the number of cointegrating vectors among all variables is equal to the 

number of endogenous variables. The secondary assumption indicates that the 

stochastic trends in the endogenous variables are derived from those in the exogenous 

variables in the system. When these two assumptions are satisfied, an unrestricted 

VAR could be estimated and cointegrating vectors could be found.  

In our case, the determinant of the variance-covariance matrix of the exogenous 

variables is 4.1384E-17, ruling out cointegration between exogenous variables. 

Additionally, when estimating the system by 2SLS (we note that the rank condition 

was met by all nine equations), the stability condition could not be met. Hence, our 

estimation of the system with all I(1) variables in first differences is valid and 

efficient.  

 

 

 
 
 
 
 
 
 
 
 
 


