


The exchange rate return co-movements between Renminbi and
other East Asian currencies under DCC-GARCH

Zhou Xuezhi

Hitotsubashi University

2-1: Kunitachi-cho, Tokyo 186-8601, Japan

E-mail: Zhouxz086@sina.com

ABSTRACT

This paper detects the exchange rate return relationships among the US dollar (USD), Renminbi

(RMB) and East Asian currencies (EACs). Specially, whether the RMB and EACs became closer

after the RMB shifted into a depreciation trend after January 2014. A DCC-GARCH (Dynamic

Conditional Correlation Generalized Autoregressive Conditional Heteroskedasticity) model is

employed in this paper in order to estimate the dynamic conditional correlations among these

currencies. When we use the New Zealand Dollar (NZD) as the numeraire currency, we find the

USD is still the most important currency in East Asia from a perspective of exchange return co-

movement, albeit its importance declined in recent years. For the RMB, the DCC of the USD-

RMB were very high during both periods. As a result, when some of the EACs got away from

the USD, they were also far away from the RMB. However, when we chose the USD as the

numeraire currency, we find that when the RMB shifted into a depreciation trend and became

more flexible, the exchange rate return co-movements between the RMB and some of the EACs

showed a rise during the second sub-sample period. When a country (region) kept close FDI and

trade relations (trade surplus) with China, their currencies also fluctuated nearly with the RMB

after January 2014. This co-movement can be forced by both pure market and authorities, or at

least one of them. We conclude that the exchange rate integration between the RMB and EACs

has been increased since the year of 2014, but still limited. The RMB had been neither a polar of

East Asian exchange rate system nor a challenger to the USD.
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1. Introduction

As the US dollar is still at the center of the international monetary system, we inevitably con-

sider the US dollar when discussing East Asian exchange rate system. From currency distribution

data involving global foreign exchange market turnover released by the Bank for International

Settlements (BIS), the US dollar occupied the first rank, with an 87% share in April 2013.1 Also,

the US dollar is still the most important reserve currency in the world. At the end of the year of

2015, 64.1% of the world’s allocated reserves comparing foreign exchange holdings are claimed

in the USD. By comparison, the Euro ranks second with a share of only 19.9%.2

“The East Asian Dollar Standard” proposed by Mckinnon and Schnabl (2004) is well known

as a description of the East Asian exchange rate system. Many East Asian countries including

China had chosen the US dollar as the common peg currency in order to maintain smooth inter-

national trade and financial stability. Although the USD remains important for East Asian curren-

cies, the extent of pegging the dollar has declined during the last decade, as substantial variation

can be seen in the weights of the US dollar in various East Asian currency baskets.3

Since 21 July, 2005, the Chinese authority has promoted a series of exchange rate system

reforms to make the Renminbi (RMB) exchange rate more “market-oriented”. A major content

of these reforms is widening the fluctuation band of the RMB exchange rate. As a result of these

reforms, the RMB exchange rate has been more flexible than before; the de jure fluctuation band

was expanded to 2% after 2014. At the same time, the RMB experienced both appreciation and

depreciation episodes against the USD as shown in Figure 1. On January 14, 2014, the exchange

rate of USD/RMB reached its lowest point: 6.04. After then, the RMB shifted into a depreciation

trend as its exchange rate was also more flexible.

Figure 1. The daily exchange rate between the USD and RMB from July, 21 2010 to September 30, 2016
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Meanwhile, China’s economic influence over other East Asian countries has expanded with its

fast-growing economy. Its currency, known as Renminbi (RMB) or Chinese Yuan (CNY) is

likely taken seriously because of the close economic ties with other East Asian countries. China

has become the hub of the East Asian production chain and most East Asian countries maintain

close trading relationships with China. These economic fundamentals are the base for a closer

exchange rate relationship between the RMB and East Asian currencies (EACs).

Our main focus is on detecting whether or not the exchange rate relationships among the USD,

RMB and East Asian currencies (EACs) have changed following the new developments men-

tioned above. Specifically, whether or not the exchange rate return correlation between the RMB

and EACs has been strengthened when the RMB became more flexible and shifted into a depre-

ciation trend since the year of 2014.

To do this, we employ the DCC-GARCH (Dynamic Conditional Correlation Generalized

Autoregressive Conditional Heteroskedasticity) model to detect the conditional correlations

between these sample currencies’ returns. The exchange rate return reveals the degree of stability

of one currency to its numeraire currency. Then, a higher DCC means a closer exchange rate

relationship between two currencies. In other words, the DCC(s) can reveal whether the two cur-

rencies move together against their numeraire currency, if so, to what extent.

This paper firstly chooses New Zealand dollar (NZD) as the numeraire currency. The results

highlight that the USD is always a dominant currency for East Asian currencies, although the

exchange rate return co-movements between the USD and EACs became weaker. Meanwhile,

the RMB was still subdued because of it stood too near to the USD while other East Asian cur-

rencies showed greater flexibility with the USD. When we choose the USD as the numeraire cur-

rency, we find that some currencies kept closer relationship with the RMB when the RMB

became more flexible and depreciating in the second sub-period. Meanwhile, these countries

(region) also kept tight FDI relationship and run large trade surplus with China. The close FDI

and international trade relations can be thought as the economic fundamentals of this “fear of

appreciation and fluctuation” against the RMB. Then we discuss the exchange rate return co-

movements from a perspective of exchange regime. Lastly, we consider that the RMB’s role has

been increasing but still limited.

The remainder of this paper is organized as follows. Section 2 reviews the literatures. Section

3 proposes two hypotheses. Section 4 provides the details of the DCC-GARCH model. Section 5

discusses the exchange rate return co-movements among sample currencies. Section 6 obtains

some concludes.
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2. Review of the Literature

As countries develop economically, interest grows in the power of their currencies. The RMB

has caused great concern in recent years. Specially, the exchange rate relationship between the

RMB and EACs has become an important topic because of regional and economic reasons.

Frankel and Wei’s currency basket regression model (Frankel and Wei (1994), hereinafter

referred to as the “FW model”) has been popularly employed as a workhorse model in many

studies on the RMB’s position in the EACs’ currency baskets. A higher weight occupied by the

RMB in the currency basket always means a closer correlation between these two currencies. On

the base of the FW model, some researchers consider that the RMB has already occupied an

important place in most ASEAN currency baskets (Ito, 2010), and a Yuan bloc has already

formed in East Asia, at least for some countries (Subramanian and Kessler, 2013; Henning,

2012). In contrast to this evidence, however, some researchers find that the RMB has been not a

significant role in East Asia (Balasubramaniam, Patnaki and Shah, 2011; Kawai and Pontines,

2014a and 2014b). Although the conclusions mentioned above are contradictory, all of these

studies consider that the RMB is more and more important in East Asia, and the exchange rate

relationship between the RMB and EACs becomes tighter.

Further, some studies take into account the different reactions of the EACs when the RMB

appreciates and depreciates. For example, Pontines and Siregar (2012)’s findings indicate that

there is “fear of appreciation” against the RMB for some East Asian currencies because these

countries fear the loss of competitiveness against China. Keddad (2016) also uses the FW model

with Markov-switching to detect the co-movement between the RMB and EACs. He finds that

the East Asian currencies kept greater co-movement with the RMB when the RMB depreciated

and fixed the USD. However, when the RMB appreciates the USD, these currencies tend to

underreact to RMB exchange rate fluctuation. This result confirms the EACs’ “fear of apprecia-

tion” against the RMB.

However, there are still some issues in the studies mentioned above. Firstly, multicollinearity

is an unavoid problem in the FW model when it is directly employed to examine the EACs’ cur-

rency baskets, because the band of daily fluctuation of the USD-RMB is too narrow. Secondly,

although Markov-switching method is introduced when using the FW model (Keddad, 2016) to

investigate the co-movement between the RMB and EACs, it still cannot catch the unusual

points. For example, the model is unable to reveal the relations between the EACs and RMB,

when the RMB fluctuated against the USD sharply in some days.

For the FW model, when currency A occupies large weight in currency B’s currency basket,

they always fluctuate closely against their numeraire currency. For example, Keddad (2016) uses

the results obtained from the FW model to represent the degree of exchange rate return “co-
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movement”. Besides the FW model, there is another method, DCC-GARCH model, also can

reveal this exchange rate relationship. Some researchers use the DCC-GARCH to investigate the

return co-movement, through which to evaluate the exchange rates or the financial markets’ inte-

gration. Further, because the DCC are time-varying, the changes and unusual points in these cor-

relations can also be observed.

Bollerslev (1990) employs an MGARCH model in which the conditional correlation is con-

stant (namely CCC-GARCH) to study the co-movements in nominal exchange rates return of

five European currencies against the US dollar. He finds that the co-movements of these Euro-

pean currencies were stronger during the post European Monetary System (EMS) period suggest-

ing the EMS promotes the exchange rate integration in Europe.

A generalization of the CCC-GARCH model has been proposed by Engle and Sheppard

(2001), Christodoulakis and Satchell (2002), Tse and Tsui (2002) to allow for dynamic condi-

tional correlations (DCC). Dynamic and continuous conditional correlation between currencies’

exchange rate returns can be obtained by employing the DCC-GRACH model, also, some

unusual points can be observed. Engle (2002) estimates the DCC(s) among the Italian Lira,

French franc and Deutschmark. By detecting some special points, for example, August of 1992

and January 1999, he finds that the DCC(s) between these currencies obviously changed during

the EMS crisis and after the launching of the Euro. Cho and Parhizgari (2008) employ the DCC-

GARCH model to detect the East Asian financial market correlation. The DCC-GARCH model

can provide some unusual sharp change in the correlations. They chose two special days as the

break points to investigate the contagion source of the East Asian financial market turbulence in

1997. When Colavecchio and Funke (2008) research the DCC(s) between Chinese non-

deliverable forward (NDF) market and seven of its Asia-Pacific counterparts, they find the time-

varying conditional correlations are all positive and display changes in their patterns throughout

time span under consideration. Also, these coefficients tend to increase in magnitude towards the

end of the sample period suggesting that the relationship between renminbi NDFs and Asian cur-

rency markets became closer. Antonakakis (2012) chooses the January, 1999 when the EUR was

born as the break point. He compares the average DCC(s) of the sample currencies before and

after the introduction of Euro. Through the time-varying correlations, he finds that these curren-

cies showed greater correlations when economic crises occurred in the post-euro period.

In this paper, we will employ the DCC-GARCH model to detect the exchange rate relation-

ships between the RMB, USD and EACs. Firstly, DCC-GARCH model can avoid the multicolli-

nearity problem which is always in the FW model. Secondly, through the time-varying

correlation, we can observe the evolution of the exchange rate relationships between these sam-

ple currencies in the whole period. Thirdly, we can catch some unusual points which may have
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interesting meanings by employing DCC-GARCH model.

3. Hypothesis

In this paper, we will check two hypotheses as follows.

Hypothesis A: the USD is still the most important currency in East Asia; but the RMB has

been far away from the USD in exchange rate fluctuation.

As the USD still plays the center role in international monetary system, it is reasonable to sup-

pose that the USD still maintains its importance in East Asia. On the other hand, the People’s

Bank of China (PBC) has reformed the RMB exchange rate system five times during the past

decade; the de jure fluctuation band has been steply expanded to 2% since the year of 2014. As a

result, the exchange rate relationship between the RMB and USD may be looser in recent years.

Hypothesis B: when the RMB shifted into a depreciation trend and became more flexible, the

exchange rate relationship between the RMB and EACs was closer meanwhile.

This hypothesis is inspired by the statements of“fear of appreciation”(against the RMB) and

“fear of floating” (against the USD) proposed by Pontines and Siregar (2012), Calvo and Rein-

hart (2002), Mckinnon and Schnabl (2004). China has achieved remarkable success in economic

growth; the economic relations between China and East Asian countries have been strengthened.

In addition, with the RMB exchange rate system reforms and internationalization, it is likely that

the RMB exchange rate should be more flexible. When the RMB became more flexible and was

in a depreciation trend after January 2014, the EACs may be closer to the RMB because of some

economic fundamentals.

4. Data and Methodology

4.1 Data and descriptive statistics

To examine the exchange rate return co-movements of the USD, RMB, EUR, JPY and EACs,

the daily exchange rates of the New Zealand Dollar (NZD), US dollar (USD), Renminbi (RMB),

Euro (EUR), Japanese Yen (JPY), Malaysia Ringgit (MYR), Republic of Korea Won (KRW),

Singapore Dollar (SGD), Taiwan Dollar (TWD) and Thailand Baht (THB) are used in this paper.

The data source is US Federal Reserve System.

We also use unconventional exchange rates which are defined as in this paper, where includes

not only the various East Asian currencies but also the USD. There are two reasons for choosing

this method. Firstly, although the PBC declared that it would extend the RMB’s floating band

against the US dollar, the de facto floating band was still not very wide most of the time, so it is

necessary to use an outside-currency as a mirror when analyzing the return co-movements of the

exchange rates of the USD, RMB, EUR, JPY and EACs. Secondly, NZD is a far and relatively
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remote currency for East Asian countries. Also, it is a floating currency. The International Mone-

tary Fund (IMF) classifies the exchange rate arrangement of New Zealand as “floating”.4 Oppo-

sitely, SDR is a composite currency which contains USD and other currencies. The Swiss Franc

(CHF), which is often used as a numeraire currency, had been pegged to the euro from 2011 to

2015.

The EUR and JPY are also chosen in this paper. They are helpful in investigating the relation-

ships among the USD, RMB and other East Asian currencies.

In this paper, the return series are:

ri, t = ln Ei, t − ln Ei, t − 1

Where Ei,t is the nominal exchange rate of currency I (against the USD or NZD) at the end of

time t.

The sample period chosen in this paper is from June 21, 2010 to September 30, 2016.

Although the PBC carried out the first RMB exchange rate system reform on July 21, 2005, this

reform was interrupted by the 2008 crisis as the RMB re-pegged the USD during the global eco-

nomic crisis. On June 19, 2010, the PBC announced “It is desirable to proceed further with

reform of the RMB exchange rate regime and increase the RMB exchange rate flexibility”. 5

Since then, the PBC has launched four exchange rate system reforms. So the RMB exchange rate

is more marketable and flexible, also has much more research value after the 2008 crisis.

Tables 1 and 2 show the summary statistics of the exchange rate return series. Jarque-Bera sta-

tistics rejects the null hypothesis of normality in all the return series. Ljung-Box Q statistics are

significant at 10 and 30 lags for all the squared returns series; this means the presence of hetero-

skedasticity for these series.

Table 1. Summary statistics of daily returns of Currency I/NZD (2010.6.21-2016.9.30)
USD RMB EUR JPY MYR SGD KRW TWD THB

Minimum -0.034835 -0.033769 -0.027503 -0.042297 -0.042630 -0.021540 -0.030817 -0.030892 -0.026527
Mean -0.000021 -0.000062 -0.000082 -0.000090 -0.000174 -0.000011 0.000367 -0.000041 -0.0000632

Maximum 0.044809 0.043775 0.049657 0.059627 0.031610 0.028460 0.034020 0.030220 0.033421
Std. Dev. 0.007775 0.007645 0.007111 0.008817 0.007820 0.005954 0.007050 0.006905 0.006938

Jarque-Bera 220.8523 208.8065 520.4798 893.7515 107.6183 164.7541 161.7871 67.2377 84.97649

Q2(10)
40.229  

[0.000]***
39.253  

[0.000]***
75.351  

[0.000]***
84.078  

[0.000]***
64.669  

[0.000]***
26.749  

[0.000]***
47.795  

[0.000]***
50.760  

[0.000]***
39.643  

[0.000]***

Q2(30)
176.27  

[0.000]***
175.96  

[0.000]***
135.54  

[0.000]***
131.05  

[0.000]***
211.14  

[0.000]***
101.59  

[0.000]***
86.841  

[0.000]***
208.63  

[0.000]***
141.48  

[0.000]***

Notes: Q2(  ) are the LB-Q Statistics on squared series. [  ] denote p-values. *** indicates the significance level at the 1%.

Japanese Journal of Monetary and Financial Economics Vol. 5, No. 1, pp. 1-23, 2017

©Japan Society of Monetary Economics 2017
7



4.2 DCC-GARCH Model

The relationships between currencies can be studied from many aspects. For example, the

exchange rate return co-movement can reveal the currencies’ nominal exchange rates relation-

ships when they fluctuate. DCC-GARCH is an appropriate model for detecting this co-

movement relation. In addition, the correlation coefficients obtained by the DCC-GARCH model

are time-varying which can contain more information.

In Engle (2002) and Engle and Sheppard (2001), the DCC-GARCH model is defined from:

yt = μt + ut  (1)

ut ℱt−1 N 0, Ht  (2)

In equation (1), yt a n × 1 vector stochastic process represents the return serials; μt is a mean

vector of yt, and ut is a column vector of residual of yt. In equation (2), ℱt−1 means all past infor-

mation until time t−1. Ht is a n × n matrix represents the conditional variance-covariance. The

matrix of covariance Ht can be written as the product of Dt and Rt.

Ht = DtRtDt  (3)

where D is a diagonal matrix of square root conditional variances, like Dt = diag h11, t

1
2 , ⋯, hnn, t

1
2 .

Rt = ρij, t  is matrix of conditional correlation. Then, hij, t = hii, thjj, tρij, t. In Engle and Sheppard

(2001) and Bollerslev (1990),  hii, t is described by a univariate GARCH (p, q) progress:

hii, t = αi, 0 + ∑q = 1
qi βi, qui, t − q

2 + ∑p = 1
pi γi, phii, t − p  (4)

Table 2. Summary statistics of daily returns of Currency I/USD (2010.6.21-2016.9.30) 
RMB MYR SGD KRW TWD THB

Minimum -0.003690 -0.015883 -0.010357 -0.012868 -0.007081 -0.008592
Mean -0.0000065 0.0000661 -0.0000044 -0.0000251 -0.0000074 0.0000183

Maximum 0.007887 0.012052 0.011704 0.013668 0.007217 0.006184
Std. Dev. 0.000605 0.002188 0.001651 0.002470 0.001351 0.001317

Jarque-Bera 8575.07 1231.472 1630.365 611.7995 1280.457 426.5666
Q2(10) 63.976 [0.000]*** 234.61 [0.000]*** 211.46 [0.000]*** 136.26 [0.000]*** 123.57 [0.000]*** 71.902 [0.000]***
Q2(30) 67.667 [0.000]*** 379.22 [0.000]*** 258.07 [0.000]*** 186.11 [0.000]*** 211.48 [0.000]*** 101.96 [0.000]***

Notes: Q2(  ) are the LB-Q Statistics on squared series. [  ] denote p-values. *** indicates the significance level at the 1%.
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The ut is transformed by its estimated standard deviations in order to be used to estimate the

conditional correlations.

εt = Dt
−1ut  (5)

then,  ρij, t can be written as:

ρij, t =
Et − 1 uitujt

Et − 1 uit
2 Et − 1 ujt

2
=

Et − 1 hiitεit hjjtεjt

Et − 1 hiitεit
2 Et − 1 hjjtεjt

2
=

Et − 1 εitεjt

Et − 1 εit
2 Et − 1 εjt

2
= Et − 1 εitεjt  (6)

Introducing diag Qt  to ensure the Rt is a positive definite correlation matrix with ones on the

diagonal. Rt can be written as:

Rt = diag Qt
− 1

2Qtdiag Qt
− 1

2  (7)

So, if we obtain the time-varying Qt, a dynamic Rt can also be got. To obtain the time-varying

correlation coefficients, it is assumed that Qt follows an autoregressive process as:

Qt = 1 − a − b Q− + aεt − 1εt − 1′ + bQt − 1  (8)

In equation (8), a and b are the parameters needed to be got. To ensure the Qt is positive, a and

b must satisfy a ≥ 0, b ≥ 0 and a + b ≤ 1.

Although the dynamic conditional correlations have a merit of varying with time, it also brings

a problem that we cannot directly grasp the correlations overall from the results. To investigate

the exchange rate return relationships among these sample currencies conveniently, we also com-

pute the average values of the estimated dynamic conditional correlation DCCij=
1
T ∑t = 1

T ρij, t.

This method has also been employed by Cho and Parhizgari (2008) and Antonakakis (2012).

Following Engle and Sheppard (2001) and Engle (2002), the DCC-GARCH model can be esti-

mated by maximum likelihood method, whereby the log-likelihood function of the DCC-

GARCH model is:
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L = − 1
2 ∑t = 1

T n*ln 2π + 2ln Dt +ut′Dt
−1Dt

−1ut − εt′εt + ln Rt + εt′Rt
−1εt  (9)

equation (9) can be written as the sum of two parts: a volatility part and a correlation part.

L θ, φ = Lv θ + Lc θ, φ  (10)

Lv θ  is the volatility part:

Lv θ = − 1
2 ∑t = 1

T n*ln 2π + 2ln Dt +ut′Dt
−1Dt

−1ut  (11)

Lc θ, φ  is the correlation part:

Lc θ, φ = − 1
2 ∑t = 1

T ln Rt + εt′Rt
−1εt − εt′εt  (12)

However, the assumption that εt follows a normal distribution is not always appropriate for

some financial data such as a daily exchange rate. Therefore, the multivariate student’s distribu-

tion is used in this paper (see Harvey, Ruiz and Shephard (1992) and Fiorentini, Sentana and Cal-

zolari (2003)). Jensen and Lunde (2001) consider that the results of the first part are virtually

unaffected by the change in error distribution, hence the first part is the same as equation (11).

Then the second part is:

Lc(θ,φ) = ∑t=1
T ln Γ v + n

2 − ln Γ v
2 − n

2ln π v − 2 − 1
2ln |Rt|

− v+n
2 ln 1  + 

u′tDt
−1Rt

−1Dt
−1ut

v − 2

 (13)

Through equation (13), the parameters can be obtained when εt follows a t-distribution.

5. Estimation of dynamic conditional correlations

The DCC-GARCH (1, 1) model is estimated by the econometric software Oxmetrics 6. As

presented in Tables 3 and 4, β + γ < 1 and a + b < 1 hold for all the currencies both against the

NZD and USD. The dynamic conditional correlations between these currencies’ exchange rate

returns are shown from Figures 2 to 7. According to these figures, we can see the correlations
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varies in time.

In Figure 1, the rate of USD/RMB reaches its valley bottom on January 14, 2014. If we chose

that day as the break point, the sample period can be divided into two sub-periods. The RMB

appreciated against the USD during the first period (period A); then depreciated during the sec-

ond period (period B). The RMB’s fluctuation also presented different features before and after

January of 2014. On March 17, 2014, just about two months after the beginning of the period B,

the PBC expanded the RMB’s de jure daily fluctuation band from 1% to 2%. As a result, the

RMB exchange rate was more flexible. For example, the average of RMB’s daily volatility (the

square of the exchange rate return) was 0.00000289 after January 14, 2014; while it was only

0.00000123 before that time.

The DCC-GARCH model allows us to compare the results of these two sub-samples before

and after the break point. Tables 3 and 4 displays the results and mean values of these DCC(s)

and DCC(s)* when we chose the NZD and USD as the numeraire currency respectively.

5.1 The USD’s status in East Asian exchange rate return co-movements

By introducing the NZD as the numeraire currency, the exchange rate returns correlations

between the USD and other currencies can be detected. In Table 3, for the RMB and EACs, the

exchange rate return co-movements with the USD were significantly larger than with the EUR

and JPY during both periods.6 This means that the East Asian currencies including the RMB

always keep closer relationship with the USD. This result coincides with some other researchers’

conclusions (for example, Kawai and Pontines (2014a; 2014b)) obtained by the FW model, in

which the USD occupied a highest weight in the currency baskets. Among these currencies, the

DCC of the KRW and USD was the lowest one which seldom exceeded 0.8. This result means

that the KRW is the “farthest” currency from the USD. This result coincides with reality that

Korea has a de jure floating exchange rate regime.

Comparing to the EACs, the RMB kept a much closer relationship with the USD in exchange

rate return which can be seen from the average values of the DCC(s) in Table 3. The

DCCUSD – RMB is the highest one among these average values, even higher than 0.98 during both

periods. Moreover, there are no significant differences in average value between the

DCCSGD – RMB and DCCSGD – USD, also DCCTHB – RMB and DCCTHB – USD during both periods.

These DCC(s) can also be intuitively observed through Figures 2 to 6 in which the lines of the

DCCEACs − RMB and DCCEACs − USD twist together most of the time. This consequent is due to a

very tight fluctuation range in the exchange rate of USD-RMB, both before and after January

2014. There is an unusual point in DCCUSD − RMB should be noticed. On August 11, 2015, the

PBC launched a violent exchange rate system reform; the exchange rate of RMB against the
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Table 3. The mean values of the dynamic conditional correlations and means comparison (Numeraire currency: NZD)
MYR

β 0.0241 [0.0000]*** γ 0.9693 [0.0000]***
Average value of DCC Period A Period B comparison of mean tests(A)

DCCMYR–USD 0.8206 0.7666 25.9968***
DCCMYR–RMB 0.8317 0.7828 24.7101***
DCCMYR–EUR 0.5804 0.5352 13.8919***
DCCMYR–JPY 0.5742 0.5257 11.2807***

comparison of mean tests (B) (-136.5372)*** (119.5809) ***
comparison of mean tests (C) (6.5607) *** (6.6955) ***

SGD
β 0.0268 [0.0000]*** γ 0.9635 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCSGD–USD 0.8944 0.8852 (10.7974)***
DCCSGD–RMB 0.8946 0.8857 (10.6049)***
DCCSGD–EUR 0.7169 0.7283 (-4.9437)***
DCCSGD–JPY 0.6992 0.7052 (-2.2551)**

comparison of mean tests (B) (161.0609) *** (129.4917) ***
comparison of mean tests (C) (0.2589) (0.5878)

KRW
β 0.0260 [0.0000]*** γ =0.9650 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCKRW–USD 0.7467 0.6957 16.9557***
DCCKRW–RMB 0.7549 0.7097 16.5104***
DCCKRW–EUR 0.5551 0.5565 -0.4061
DCCKRW–JPY 0.5115 0.5196 -1.8557*

comparison of mean tests (B) (132.7473) *** (-125.5242) ***
comparison of mean tests (C) (-3.3046) *** (4.1894) ***

TWD
β 0.0297 [0.0000]*** γ 0.9608 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCTWD–USD 0.9332 0.9129 17.1274***
DCCTWD–RMB 0.9331 0.9144 16.7364***
DCCTWD–EUR 0.6654 0.6662 -0.2555
DCCTWD–JPY 0.6814 0.6555 7.5036***

comparison of mean tests (B) (87.8460)*** (59.0473)***
comparison of mean tests (C) (-0.1378) (1.0410)

THB
β 0.0291 [0.0000]*** γ 0.9607 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCTHB–USD 0.9121 0.9193 -5.2761***
DCCTHB–RMB 0.9083 0.9090 -5.0736***
DCCTHB–EUR 0.6680 0.6773 -3.9398***
DCCTHB–JPY 0.6869 0.6853 0.4156

comparison of mean tests (B) (80.9914)*** (58.9191)***
comparison of mean tests (C) (-2.7947) *** (-6.9854) ***

RMB 
DCCUSD–RMB 0.9888 0.9805 (23.4734) ***

a 0.0192 [0.0000]*** b 0.9664 [0.0000]***

Notes: β, γ, a and b are  the parameters  in equations  (4) and (8),  respectively. The  table presents  the  t-test  results  for  the null 
hypothesis: (A) the average DCC is the same before and after January 14, 2014; (B) the average DCC is the same for DCCUSD–RMB 
and DCCEACs–USD during the same period; (C) the average DCC is the same for DCCEACs–RMB and DCCEAC–USD during the same period. 
[  ] and (  ) denote p-values and t-values, respectively; ***, **, * represent significance at 1%, 5%, and 10% respectively. We also test 
the null hypothesis that DCCEACs–USD equals to DCCEACs–EUR and DCCEACs–JPY by  t-test. All  the p-value(s) are 0 suggesting  that 
DCCEACs–USD ≠ DCCEACs–EUR; DCCEACs–USD ≠ DCCEACs–JPY.
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USD decreased by 1.84% on that day and fluctuated in the next few days. As a result, the

DCCUSD − RMB sharply decreased during that time. However, it returned to high level gradually

after then.

After five exchange rate system reforms, the RMB exchange rate became more flexible to

Table 4.  The mean values of the dynamic conditional correlations between the RMB  
and other East Asian currencies (Numeraire currency: USD)

MYR
β 0.0617 [0.0099] *** γ 0.9229 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests(A)
DCCMYR–RMB* 0.2926 0.2902 0.6395

SGD
β 0.0539[0.0000]*** γ 0.9433[0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCSGD–RMB* 0.2109 0.2501 -8.8253***

KRW
β 0.0487 [0.0000]*** γ 0.9467 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCKRW–RMB* 0.2255 0.2556 -7.0323***

TWD
β 0.0541 [0.0000]*** γ 0.9394 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCTWD–RMB* 0.2271 0.2888 -13.7345***

THB
β 0.0820  [0.0000]*** γ 0.8676 [0.0000]***

Average value of DCC Period A Period B comparison of mean tests
DCCTHB–RMB* 0.1600 0.1652 -1.2400

a 0.0143 [0.0000]*** b 0.9755 [0.0000]***

Notes: β, γ, a and b are in equations (4) and (8), respectively. The table presents the t-test results for the null hypothesis: the average 
DCC is  the same before and after January 14, 2014. [  ] and (  ) denote p-values and t-values, respectively; ***, **, * represent 
significance at 1%, 5%, and 10% respectively.

Figure 2. Dynamic conditional correlations between the MYR and other currencies (Numeraire currency: NZD)
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some extent. However, the RMB has not radically extricated itself from the USD in terms of

exchange rate return, at least until September of 2016. In the “impossible trinity”, the Chinese

monetary authority may not give up the independence of its monetary policy. For the capital

account, its openness is based on the reform of China’s domestic financial sector which is a very

complicated project, and this reform has not been very successful (Volz, 2014). In this case, for

the risk-averse Chinese government, there is not sufficient motivation to promote capital account

liberalization. As a coin has two sides, the effect of RMB exchange rate system reform has not

been obvious.

Meanwhile, three (MYR, KRW and TWD) of the five EACs showed obviously lower average

DCC(s) with the USD during the second period suggesting that these currency have become

Figure 3. Dynamic conditional correlations between the SGD and other currencies, (Numeraire currency: NZD)

Figure 4. Dynamic conditional correlations between the KRW and other currencies, (Numeraire currency: NZD)

Japanese Journal of Monetary and Financial Economics Vol. 5, No. 1, pp. 1-23, 2017

©Japan Society of Monetary Economics 2017
14



more significantly flexible in recent years. This result can also be observed from Figures 2, 4 and

5, the DCC(s) between these currencies and USD are presented as down-trend lines in the second

period.

For the EACs, the USD and RMB look like the same currency when we chose the NZD as the

numeraire currency. As a result, when these three currencies (MYR, KRW and TWD) got away

from the USD, they were also far away from the RMB in the long-run. In Table 3, all of the aver-

age DCC(s) between the RMB and EACs become lower during period B, except the THB. In this

view, the exchange rate return co-movement between the RMB and EACs had not been stronger

after the RMB shifted into depreciation trend.

Figure 5. Dynamic conditional correlations between the TWD and other currencies (Numeraire currency: NZD)

Figure 6. Dynamic conditional correlations between the THB and other currencies, (Numeraire currency: NZD)
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5.2 The exchange rate return co-movements between the RMB and EACs, excluding the USD.

However, there is a different scence when we use the USD as the numeraire currency. Choos-

ing the USD as the numeraire currency is much nearer to reality, although this means that we

exclude the USD from the sample currencies and we are unable to detect the USD’s role in East

Asia from an outside perspective. The results are presented in Table 4, the DCC(s) are rewritten

as DCC(s)*. We also take the January 14, 2014 as a break-point. Figure 7 shows the evolution of

the DCC(s)* between the RMB and EACs.

In Table 4, three (SGD, KRW, TWD) of the EACs showed relatively higher average DCC(s)*

during the period B than during the period A. In other words, the exchange rate return co-

movements between the RMB and these three currencies became closer after the RMB turned

into a depreciation trend and became more flexible. By contrast, DCCMYR – RMB
* and

DCCTHB – RMB
* did not increase significantly during the period B.

Figure 7 intuitively shows the evolution of the DCCEACs − RMB(s)* when the RMB was in the

depreciation trend. August 11, 2015 is a meaningful point caught by the DCC-GARCH model.

When the RMB sharply fluctuated against the USD after the PBC launched a new exchange rate

system reform, the DCCEACs − RMB
* also changed obviously in short-run. The increasing

 DCCSGD − RMB
*, DCCKRW − RMB

* and DCCTWD − RMB
* mean that the exchange rate return co-

movements between the RMB and these three currencies were stronger when the RMB depreci-

ated and fluctuated against the USD suddenly. However, the MYR and THB were far away from

the RMB during those days. The DCCMYR − RMB
* dropped from 0.24 to 0.09; the DCCTHB − RMB

*

decreased from 0.13 to 0.05. This unusual point is a short-run evidence that the co-movement of

Figure 7. Dynamic conditional correlations between the RMB and other currencies, (Numeraire currency: USD)
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RMB-MYR and RMB-THB did not rise significantly when RMB devaluated to the USD acci-

dentally. The reality also supports these results. On August 11, 2015, the SGD, KRW and TWD

simultaneously depreciated against the USD by 1.5%, 1.7% and 1.7% when the RMB suddenly

depreciated. These fluctuations are very large for these currencies. On the other hand, the MYR

and THB were very stable, the exchange rate returns against the USD were almost 0.

5.3 Economic fundamentals of the increasing DCC(s)* between the RMB and EACs

We will investigate why some DCC(s)* became lager while others not when the RMB became

more flexible and depreciating during the period B. FDI and international trade are two represen-

tative factors for the economic relationship between two countries, therefore we discuss the issue

through these two ways.

According to the data released by Coordinated Portfolio Investment Survey (CPIS), Singa-

pore, Korea and Taiwan kept very close bilateral FDI relationship with China (Figure 8). Further-

more, China occupied first place in terms of these three countries’ bilateral FDI positions. For

Taiwan, more than 24% of bilateral FDI positions came from China during the years from 2010

to 2015. Singapore and Korea also kept higher than 10% FDI positions with China. In contrast,

the FDI relationships between China and Malaysia, as well as Thailand were relatively loose dur-

ing both periods. Malaysia kept the closest FDI relationship with Singapore. For Thailand, Japan

was always the most important country in terms of FDI. A stable bilateral exchange rate is help-

ful in stabilizing the FDI between these two countries. As a result, when the RMB became more

flexible in the depreciation trend, the exchange rate return co-movements with the RMB were

also tighter for Singapore, Korea and Taiwan.

Pontines and Sirega (2012) consider that the East and Southeast countries’ “fear of apprecia-

Figure 8. The bilateral FDI relationship between China and East Asian countries (region)

Data source: Coordinated Portfolio Investment Survey.
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tion” against the RMB because they competed with China in the field of export. In this paper, we

will discuss this “fear” from another perspective: trade surplus with China. In Figure 9, more

than 100% trade surplus of Korea and Taiwan came from China in 2010. Although these ratios

dropped below 100% in 2015, they were still higher than 50%. In other words, China is the most

important market provider for Korea and Taiwan. On the other hand, Malaysia obtained little

trade surplus from China in 2010. Then this surplus turned into deficit in 2015. Thailand always

kept trade deficit with China. For a trade surplus country, the low value of its currency is an

effective way to keep this surplus. For the trade deficit countries, the opposite is true.

From the discussion above, we can conclude that the countries (region) who kept close FDI

relationship with China, the exchange rate return co-movements between their currencies and the

RMB were also closer during period B. Also, for Korea and Taiwan, who run large trade surplus

with China, the exchange rate return co-movements between their currencies and the RMB also

became larger when the RMB shifted into a depreciation trend. By comparison, the

DCCMYR − RMB
* and DCCTHB − RMB

* were not significantly larger during the period B than dur-

ing period A, when Malaysia and Thailand kept loose FDI and trade relations with China.

Although the DCC-GARCH model cannot distinguish the official interventions from pure

market force, we can still discuss this issue from the perspective of exchange rate regime.

For the RMB, neither of the EACs is an important currency in the RMB’s currency basket. For

example, the PBC Governor Zhou Xiaochuan stated that the U.S. Dollar (USD), Euro (EUR) and

Japanese Yen (JPY) were the most important currencies in the RMB’s currency basket.7 In

December 2015, China Foreign Exchange Trading System & National Interbank Funding Center

(CFETS), which is a sub-institution of the PBC, introduced the CFETS RMB index. According

Figure 9. The sample East Asian countries’ (region) trade surplus with China

Data source: UN Comtrade; Customs Administration, Republic of China.
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to the CFETS RMB index, the USD, EUR and JPY are the three most important currencies. As a

result, it is unlikely that the PBC actively adjust the exchange rate co-movements of RMB-

EACs.

For the EACs, the IMF classifies Korea (KRW) and Thailand (THB)’s exchange rate arrange-

ment as “floating”.8 Thus the official intervention is not the main force pushing the KRW close

to the RMB during period B. For the THB, because the FDI and trade relationships between

China and Thailand were relatively loose, neither the marketers nor the Thai authorities would

pay much attention to the co-movement between the RMB and THB.

Singapore has a “stabilized” exchange arrangement with a secretive composite anchor which

is established by Monetary Authority of Singapore. This currency basket is composed by their

major trading partners and competitors’ currencies, thus we consider the RMB is an important

currency in this basket because of the close trade relationship between these two countries.9 In

the short-run, the SGD exchange rate fluctuates freely within a target band. However, the cur-

rency basket is the center of the exchange rate in the long-run. The Center Bank of the Republic

of China (Taiwan) declares that “the TWD exchange rate is determined by the market. However,

when the market is disrupted by seasonal or irregular factors, the Bank will step in.”10 So, Tai-

wan’s exchange rate regime can be thought as a “management floating” arrangement. We deduce

that the co-movement of the SGD-RMB and TWD-RMB are forced by both marketers and

authorities. According to the IMF, Malaysia has an “other managed” exchange rate arrangement;

the Bank of Negara Malaysia (the central bank of Malaysia, BNM) declares they have a managed

floating exchange rate arrangement. This means that the MYR exchange rate is decided by both

pure market and authority. However, the relationship between the MYR and RMB seems to be

closer than it should be. The DCCMYR − RMB
* is the highest DCC* during the both periods, as

high as about 0.29, although it increased insignificantly. Another noteworthy event is: when the

PBC pronounced that the RMB would no longer be pegged to the US dollar on July 21, 2005, the

BNM also announced the end of the MYR’s peg to the USD on the same day. Therefore, we con-

clude that the co-movement between the MYR and RMB is also forced by a mix force.

6. Conclusions

This paper has examined the dynamic conditional correlations among the sample currencies by

applying the DCC-GARCH model.

By choosing the NZD as the numeraire currency, we have fund that the USD was still the most

important currency in East Asia. However, its importance has been weakened as the DCC(s)

between the USD and EACs, except the THB, became less during recent years. This also sug-

gests that the exchange rates of these East Asian currencies became more flexible. Meanwhile,
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the dynamic conditional correlation of the USD-RMB were very high (although it became lower

during the period B) during both periods due to RMB’s narrow fluctuation band against the USD.

This reflects the RMB exchange rate flexibility has increased slowly, comparing to other East

Asian currencies. We can conclude that China’s exchange rate system reforms were not very

effective. As a result, the exchange rate return co-movements between the EACs and RMB

became weaker during the second period. The EACs also departed from the RMB when they

attached less importance to the USD.

However, when we chose the USD as the numeraire currency, the exchange rate return co-

movements between the RMB and some of the EACs showed a rise during the second sub-

sample period. We have found that: when a country (region) kept close FDI and trade relations

(trade surplus) with China, their currencies also fluctuated nearly with the RMB after January

2014. These results confirm the existence of the “fear of appreciation and fluctuation” against the

RMB in SGD, KRW and TWD. By investigating the EACs’ exchange rate regimes, we consider

that Korea’s “fear” mainly came from pure market; Singapore and Taiwan’s “fear” came from

both marketers and authorities. For Thailand, neither the authority nor marketers “fear of appre-

ciation and fluctuation” against the RMB.

It seems the results are quite mixture even contradictory when we employ the NZD and USD

as the numeraire currency respectively. In fact, this just reveal the RMB’s increasing but limited

role in East Asia. On the one hand, the close economic relationships between China and some

countries was a fundamental for strong exchange rate co-movement, particularly, when the RMB

became more flexible and deprecating. On the other hand, the relatively slow pace of further

exchange rate system reform causes the RMB to be still near to the USD. Therefore, the RMB

had been neither a polar of East Asian exchange rate system nor a challenger to the USD, at least

until September 2016. If the RMB exchange rate system can be reformed further in the future,

the RMB could potentially attract more attention in East Asia.

NOTES

1) The sum of the percentage shares are 200% because two currencies are involved in each

transaction.

2) Data source: Currency Composition of Official Foreign Exchange Reserves, IMF.

3) See Subramanian and Kessler (2013); Henning (2012); Ho, Ma and McCauley (2005);

Balasubramaniam, Patnaki and Shah (2011); Kawai and Pontines (2014a, 2014b).

4) IMF: Annual Report on Exchange Arrangements and Exchange Restrictions 2014.

5) June 19 and 20, 2010 are weekend.
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6) These means are also compared by t-test. All of the p-values are 0 demonstrates the means

are significantly different.

7) PBC: Speech of Governor Zhou Xiaochuan:

http://www.pbc.gov.cn/english/130724/2829809/index.html.

8) IMF: Annual Report on Exchange Arrangements and Exchange Restrictions 2014.

9) Some studies estimate the RMB’s weight in the SGD’s currency basket. For example,

Kawai and Pontines (2014a, 2014b) consider the weight occupied by the RMB is higher

than 0.2 after the year of 2010. Henning (2012) obtains the result of 0.364 during the period

between June, 2010 to December, 2011. The RMB’s weight is even higher than 0.49 in Sub-

ramanian and Kessler (2013)’s paper. Although these results are debatable, they can still

illustrate that the RMM is an important currency in the SGD’s currency basket.

10) Center Bank of the Republic of China (Taiwan):

http://www.cbc.gov.tw/ct.asp?xItem=856&CtNode=480&mp=2.
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ABSTRACT

This paper examines the efficiency of two types of financial sources used in China – trade credit

and bank loans – by measuring their impact on firm productivity using firm-level panel data. We

first analyzed the relationship between productivity and the financial sources and found that

enterprises experienced productivity gains as a result of using more trade credit, but they

experienced productivity losses as a result of using more bank loans. Then, the effect of these

sources according to firm ownership structure and size relative to the rest of the industry were

analyzed. We also found that for large enterprises, both trade credit and bank loans had

significant positive effects on their productivity growth. For small and medium enterprises

(SMEs), however, regardless of the type of financial source used, the larger their reliance on

them, the worse their productivity. Moreover, the results show that state owned enterprises might

experience lower productivity because of their debts to banks.

Key words: productivity, financial efficiency, trade credit, bank loans, Chinese industrial

enterprises

JEL Classification: D22 D24 G32

1. Introduction

In 1978, China undertook policy reforms that led to the opening up of the economy. As a

result, China’s economy maintained a robust growth rate of nearly 10% from 1978 and 2008.

Rapid economic growth is associated with financial development. But exactly how financial

structures affect economic growth at a macro level, and in particular, how different financial

sources affect the ability of different firms to raise funds, may be a key to explaining higher rates

of economic growth. In other words, financial sources and financial efficiency play a vital role in
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the growth of enterprises. This study focuses on how different financial sources affect the growth

of enterprises in China. Two financial sources for enterprises, trade credit and bank loans, are

examined in this paper, using accounts payable to represent trade credit, and long-term liabilities

to represent bank loans.

This research relates to two threads of literature. The first one is about how different financial

sources affect the growth of enterprises. It has been well established that if capital markets are

not fully developed, it is very difficult for many enterprises (particularly small and medium

enterprises) to accumulate sufficient capital to build up factories, purchase machinery and equip-

ment, hire workers, expand sales, and make a profit. Accordingly, if there is no strong financing

environment, the development of enterprises will be constrained. Fisman & Love (2003) provide

evidence for this. They use data for 37 industries in each of 43 countries to estimate each indus-

try’s dependence on external finance, and they find that industries are more dependent on trade

credit financing in countries where financial markets are less developed.

It has also been established in the literature that trade credit provides better access to capital

for firms compared to formal financial channels, in particular for firms with weak banking rela-

tionships (Petersen & Rajan (1997)). Danielson & Scott (2004) provide evidence that firms

increase their reliance on trade credit when banks do not provide loans. Niskanen, J. & Niskanen,

M. (2006) find that larger and older firms, as well as firms with strong internal financing sources,

have a lower propensity to use trade credit, but that small firms and younger, medium-sized firms

with high growth rates tend to rely more heavily on it. Molina & Preve (2012) analyze how

financial distress affects firms’ decisions to use trade credit with their suppliers, and their results

show that firms in financial distress will use trade credit more frequently with their suppliers.

The second thread of literature is about financial efficiency and enterprise productivity. There

are an increasing number of studies that discuss the productivity of firms and economic growth

in China over the past 30 years. Because productivity is not directly observable, many studies

either measure the total factor productivity (TFP) and assess the progress of research and devel-

opment (R&D), or they focus on efficiency improvement, the financial performance of firms, or

multifactor productivity and so on.

Many researchers are interested in observing productivity changes in Chinese industries. For

example, Chen, Wang, Zhang, & Jefferson (1988) investigate the productivity growth of Chinese

state owned enterprises (SOEs), and find that the Chinese industrial sector has a positive growth

in multifactor productivity over the 1953~1985 period, with productivity accelerating from the

late 1970s on. However, Woo, Hai, Jin, & Fan (1994) use data on SOEs and collectively owned

enterprises (COEs), which include urban collectives, county collectives, and town and village

enterprises (TVEs) to measure TFP. They find zero TFP growth in SOEs over the 1984~1988
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period, and positive TFP growth in COEs over the same period.

These studies were conducted before the policy reforms for SOEs in the late 1980s and early

1990s. The biggest change was to allow Chinese enterprises to ease into market competition. As

the policy reforms took place, SOEs adapted to the new environment. Chow & Lin (2002) and

Chow (2008) provide evidence that Chinese TFP growth was zero in the 1952~1978 period, but

rose to 2.7% in 1979. Perkins & Rawski (2008) determined TFP growth in China to be 0.5%

between 1952~1978, and 3.8% in the 1978~2005 period. Zhang, A., Zhang, Y., & Zhao (2002)

found that the financial performance of SOEs had a significant effect on their productivity, but

had a lesser impact on their profitability compared to enterprises with other ownership structures

from 1996~1998 period.

There are also some studies that discuss financing sources and firm performance by industry

(Long & Zhang (2011)). Some estimate productivity growth and industrial transformation by

measuring structural change (Chen, Jefferson, & Zhang (2011)), while others assess the growth

of TFP by categorizing different industry sectors (Bosworth & Collins (2008)). Most of these

studies use Cobb-Douglas regressions and translog production functions to estimate productivity.

The purpose of this paper is to investigate how different financial sources might affect the TFP

growth of Chinese enterprises by estimating the Cobb-Douglas and translog production func-

tions. An extended analysis will also be conducted in order to link productivity and financial

sources to the industry characteristics. The main findings of this study point out that enterprises

experienced productivity gains as a result of using more trade credit, but they experienced pro-

ductivity losses as a result of using more bank loans.

The remainder of this paper is organized as follows. Section 2 explains the methodology that

is used to measure TFP and capital stock. The data is presented and basic information on the

panel data is provided. Section 3 explains the construction of the basic model. This is followed

by a discussion of the empirical evidence from testing productivity and financial sources against

the industry characteristics of the firms. Section 4 presents the conclusions and the implications

of these results, along with some ideas for future research.

2. Preparing the Huamei data to measure TFP and capital stock

2.1 Detailed outline and key concepts

As mentioned in the first section, because productivity is not directly observable, we use a var-

iant of productivity to conduct our analysis. We use real value added (RVA) to show TFP. RVA is

derived from the nominal value added (NVA), calculated as follows: 

RV A = NV A/PPI  (2.1)
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According to (2.1), we need to calculate NVA and PPI, where the PPI is the ex-factory price

index of industrial products1. These were sourced from the China Statistical Yearbook

2005~20082, and are reported by sector. We merged these data into our Huamei3 industry enter-

prise panel database (Table 1). Our next step was to calculate the NVA. Since NVA is based on

the total factory incomes of enterprises (Gal (2013)), we use the formula:

NV A = Total_ f actory_income − External_input_cost  (2.2)

The external input cost includes the cost of raw material, basic utilities, external processing

fees, transportation fees, communication fees, etc4. Using equations (2.1) and (2.2), we derive the

TFP we need.

Next, we need to calculate capital stock. We use real accounts of fixed assets (RFA) to repre-

sent capital stock. We obtain the “price indices of investment in fixed assets” (FPI)5 from the

China Statistical Yearbook 2005~2008, and merge these data into our enterprise panel database.

Thus, we can use nominal accounts of fixed assets (NFA) divided by the FPI, in order to calcu-

late RFA:

RFA = NFA/FPI  (2.3)

Using (2.1), (2.2), and (2.3), we get our key variables. The basic information about these key

variables will be reported in the next section.

As mentioned above, Table 1 presents the FPI and PPI of our dataset, which are used to calcu-

late the key variables. Table 2 shows the number of enterprises used in this paper by sector and

year. We used 39 classification codes based on the “Industrial Classification for National Eco-

nomic Activities” (GB/T 4754-2002), as published by the National Bureau of Statistics of the

People’s Republic of China. In the Huamei industry enterprise database, the largest number of

firms belong to 7 sectors: The manufacture of non-metallic mineral products, the manufacture of

raw chemical materials and chemical products, the manufacture of general purpose machinery,

the manufacture of textiles, the processing of food from agricultural products, the manufacture of

electrical machinery and equipment, and the manufacture of transport equipment.

2.2 Data and summary statistics

The database used in this empirical analysis is the Chinese Industrial Enterprises Database

drawn from the annual accounting reports by the National Bureau of Statistics of the People’s

Republic of China, which is provided by the Huamei Commercial Information Consulting Cor-

poration (HMI) of China6. This survey provides data on industrial enterprises as unbalanced
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Table 1.  FPI & PPI (The China Statistical Yearbook 2005~2008)   (preceding year=100) 

Year Code 2004 2005 2006 2007
FPI (National) 105.6 101.6 101.5 103.9
PPI (National) 106.1 104.9 103 103.1
PPI by Sector
Mining and Cleaning of Coal 06 (00) 116.8 123.2 105 103.8
Extraction of Petroleum and Natural Gas 07 (00) 119.6 129.9 122 102
Mining and Processing of Ferrous Metal Ores 08 (00) 145.3 112.3 96.8 110.3
Mining and Processing of Non-Ferrous Metal Ores 09 (00) 117.6 119.6 123.4 112.6
Mining and Processing of Nonmetal Ores 10 (00) 105.8 109.4 102.5 103.1
Other Mining and Processing 11 (00) 103.5 93.5 99.1 109.5
Processing of Food from Agricultural Products 13 (00) 114 101.1 100.1 113.3
Processing of Foodstuff 14 (00) 102.9 101.5 101.1 102.6
Manufacture of Beverages 15 (00) 100.6 100.6 100.5 101.2
Manufacture of Tobacco 16 (00) 101.1 100.9 100.5 100.4
Manufacture of Textile 17 (00) 104.3 100.5 102.1 100.8
Manufacture of Textile Apparel, Footwear, and Hats 18 (00) 100.7 99.8 100.9 100.7
Manufacture of Leather, Fur, Feather and Related Products 19 (00) 100.9 102.5 101.2 102.4
Processing of Timber, Manufacture of Wood, Bamboo, 
Rattan, Palm and Straw Products 20 (00) 102.2 101.8 102.3 103.6

Manufacture of Furniture 21 (00) 101.8 102.7 100.3 101.5
Manufacture of Paper and Paper Products 22 (00) 101.3 101.4 100.7 101
Printing, Reproduction of Recording Media 23 (00) 98.1 99.6 99.8 100.5
Manufacture of Articles for Culture,
Education and Sport Activities 24 (00) 102.2 102 101.4 101.5

Processing of Petroleum, Coking, 
and Processing of Nuclear Fuel 25 (00) 112.2 118.4 118 105

Manufacture of Raw Chemical Materials 
and Chemical Products 26 (00) 110.2 108.5 100.4 103.8

Manufacture of Medicines 27 (00) 97.8 101.6 98.6 102.1
Manufacture of Chemical Fibers 28 (00) 108.1 104.7 101.2 103.3
Manufacture of Rubber 29 (00) 101 104.5 104.7 103.3
Manufacture of Plastics 30 (00) 106.5 105.5 101 102
Manufacture of Non Metallic Mineral Products 31 (00) 103.3 100.6 101.5 101.3
Smelting and Pressing of Ferrous Metals 32 (00) 118.9 104.7 96 107.9
Smelting and Pressing of Non Ferrous Metals 33 (00) 118.9 111.7 122.5 113.9
Manufacture of Metal Products 34 (00) 107.4 104 101 102.6
Manufacture of General Purpose Machinery 35 (00) 103.1 101.8 100.2 101.3
Manufacture of Special Purpose Machinery 36 (00) 101.8 101.8 101.2 101.5
Manufacture of Transport Equipment 37 (00) 98.2 98.9 99.5 100.1
Manufacture of Electrical Machinery and Equipment 39 (00) 103.7 103.2 107.4 103.7
Manufacture of Communication Equipment,
Computers and Other Electronics Equipment 40 (00) 95.1 95.3 96.6 97.5

Manufacture of Measuring Instruments and Machinery  
for Cultural Activities 41 (00) 98.5 98.7 99.2 98.9

Manufacture of Artwork and Other Manufacturing 42 (00) 105.7 103.9 102.5 104.3
Recycling and Disposal of Waste 43 (00) 116.9 105.3 103.4 104.4
Production and Supply of Electric Power and Heat Power 44 (00) 102.4 104.2 102.8 102.2
Production and Supply of Gas 45 (00) 102.5 105.2 106.8 104.8
Production and Supply of Water 46 (00) 104.1 104 106.4 104.8

Note: The industrial classification used in this paper are based on the “Industrial Classification for National Economic Activities” 
(GB/T 4754 -2002), which was published by National Bureau of Statistics of the People’s Republic of China.
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Table 2.  Number of observations by sector and year

Sector Code Total 
number 2004 2005 2006 2007

Mining and Cleaning of Coal 06 (00) 5948 1466 1439 1458 1585
Extraction of Petroleum and Natural Gas 07 (00) 217 64 59 43 51
Mining and Processing of Ferrous Metal Ores 08 (00) 1349 280 308 351 410
Mining and Processing of Non-Ferrous Metal Ores 09 (00) 1400 364 305 314 417
Mining and Processing of Nonmetal Ores 10 (00) 2242 490 528 555 669
Other Mining and Processing of Ores 11 (00) 13 1 1 1 10
Processing of Food from Agricultural Products 13 (00) 12536 3044 2873 3030 3589
Processing of Foodstuff 14 (00) 5744 1424 1374 1393 1553
Manufacture of Beverages 15 (00) 3975 964 914 986 1111
Manufacture of Tobacco 16 (00) 196 68 54 37 37
Manufacture of Textile 17 (00) 17643 4793 4230 4116 4504
Manufacture of Textile Apparel, Footwear, and Hats 18 (00) 5183 1334 1241 1198 1410
Manufacture of Leather, Fur, Feather and Related Products 19 (00) 2648 708 623 660 657
Processing of Timber, Manufacture of Wood, Bamboo, 
Rattan, Palm and Straw Products 20 (00) 3916 879 884 1016 1137

Manufacture of Furniture 21 (00) 1782 412 420 453 497
Manufacture of Paper and Paper Products 22 (00) 7150 1932 1726 1730 1762
Printing, Reproduction of Recording Media 23 (00) 4694 1253 1172 1132 1137
Manufacture of Articles for Culture, 
Education and Sport Activities 24 (00) 1611 396 382 402 431

Processing of Petroleum, Coking, 
and Processing of Nuclear Fuel 25 (00) 1836 464 464 460 448

Manufacture of Raw Chemical Materials, 
and Chemical Products 26 (00) 18259 4662 4395 4433 4769

Manufacture of Medicines 27 (00) 7423 1798 1818 1846 1961
Manufacture of Chemical Fibers 28 (00) 1703 369 441 405 488
Manufacture of Rubber 29 (00) 2579 680 635 625 639
Manufacture of Plastics 30 (00) 8559 2176 2025 2062 2296
Manufacture of Non Metallic Mineral Products 31 (00) 21784 5773 5327 5228 5456
Smelting and Pressing of Ferrous Metals 32 (00) 4971 1365 1206 1206 1194
Smelting and Pressing of Non Ferrous Metals 33 (00) 4507 1153 1072 1080 1202
Manufacture of Metal Products 34 (00) 9141 2289 2199 2190 2463
Manufacture of General Purpose Machinery 35 (00) 18026 4697 4316 4283 4730
Manufacture of Special Purpose Machinery 36 (00) 9987 2621 2300 2429 2637
Manufacture of Transport Equipment 37 (00) 11267 2850 2680 2690 3047
Manufacture of Electrical Machinery and Equipment 39 (00) 11638 3060 2815 2768 2995
Manufacture of Communication Equipment, 
Computers and Other Electronics Equipment 40 (00) 7322 1774 1735 1762 2051

Manufacture of Measuring Instruments 
and Machinery for Cultural Activities 41 (00) 3184 803 745 769 867

Manufacture of Artwork and Other Manufacturing 42 (00) 2759 643 659 688 769
Recycling and Disposal of Waste 43 (00) 211 40 48 58 65
Production and Supply of Electric Power and Heat Power 44 (00) 8158 2160 1974 2058 1966
Production and Supply of Gas 45 (00) 839 197 201 215 226
Production and Supply of Water 46 (00) 3262 913 845 835 669
Total number of observations 235,662

Note: The industrial classification used in this paper are based on the “Industrial Classification for National Economic Activities” 
(GB/T 4754 -2002), which was published by National Bureau of Statistics of the People’s Republic of China.
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panel data, including state owned firms and non state owned firms from 2004~2007. This period

precedes the financial crisis of 2008. All firms with sales lower than 1,000 yuan were dropped,

so that firms cannot show negative values of sales. The total number of key variables is around

230,000, and missing values were removed7.

Table 3 provides the definitions of the variables that are used in this paper. The dependent var-

iable is TFP, the control variable is the capital-labor ratio, and the other independent variables are

the financial sources, trade credit and bank loans. Accounts payable is used to represent trade

credit, while the firm’s long-term liability is used to represent bank loans. Moreover, in order to

avoid economies of scale, both financial source variables are taken as a ratio over total assets.

In order to examine the effect of the firm’s size and ownership structure on productivity and

financial sources, dummy variable groups are created. First, the definitions for industry firm size

used by the State Statistics Bureau of China (SSBC) 2011 are introduced. These definitions are

as follows:

Table 3.  Definition of variables

Variables Description
ln (Y/L)  Dependent variable = log (RVA / number of workers)
ln (K/L)  = Log (capital stock / number of workers)
Payable asset ratio  = Accounts of payable / total assets
Long-term liability asset ratio  = Long-term liability / total assets
Payable of small firms  Dummy variable = Payable total assets ratio * small firm size 
Payable of medium firms  Dummy variable = Payable total assets ratio * medium firm size 
Payable of large firms  Dummy variable = Payable total assets ratio * large firm size 
Payable of state owned enterprises  Dummy variable = Payable total assets ratio * firm ownership of SOE
Payable of collectively owned enterprises  Dummy variable = Payable total assets ratio * firm ownership of COE
Payable of private enterprises  Dummy variable = Payable total assets ratio * firm ownership of PE
Payable of joint & share holding enterprises  Dummy variable = Payable total assets ratio * firm ownership of JSE
Payable of foreign enterprises  Dummy variable = Payable total assets ratio * firm ownership of FE
Long-term liability of small firms  Dummy variable = Liability total assets ratio * small firm size 
Long-term liability of medium firms  Dummy variable = Liability total assets ratio * medium firm size 
Long-term liability of large firms  Dummy variable = Liability total assets ratio * large firm size 
Long-term liability of state owned enterprises  Dummy variable = Liability total assets ratio * firm ownership of SOE
Long-term liability of collectively owned enterprises  Dummy variable = Liability total assets ratio * firm ownership of COE
Long-term liability of private enterprises  Dummy variable = Liability total assets ratio * firm ownership of PE
Long-term liability of joint & share holding enterprises  Dummy variable = Liability total assets ratio * firm ownership of JSE
Long-term liability of foreign enterprises  Dummy variable = Liability total assets ratio * firm ownership of FE
D_2004  Dummy variable for the year 2004
D_2005  Dummy variable for the year 2005
D_2006  Dummy variable for the year 2006
D_2007  Dummy variable for the year 2007

Note: Long-term liabilities are used to represent bank loans, and accounts payable are used to represent trade credit.
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Small: 3 million yuan ≤ sales < 20 million yuan, and employees < 300

Medium: 20 million yuan ≤ sales < 400 million yuan, and 300 ≤ employees < 1,000

Large: sales ≥ 400 million yuan, and employees ≥ 1,000

 

Second, the classification of industry firm ownership is introduced. Ownership definitions

were first published by SSBC in 1996, and later refined in 2006. The Huamei database uses the

2006 definitions. Accordingly, the enterprises database is divided into five ownership groups8:

 

SOE: State Owned Enterprises

COE: Collectively Owned Enterprises

PE: Private Enterprises

JSE: Joint and Share Holding Enterprises

FE: Enterprises funded by Foreign Entrepreneurs & Entrepreneurs from Hong Kong, Macao and

Taiwan

 

Section 3 will explain firm size and the cross variables of ownership used in the regression

model. Table 4 presents the mean, standard deviation, and min max values of the key variables

used in this paper. And Tables 5 and 6 show the summary statistics of key variables by firm size

and ownership.

From Table 4, we see that the minimum values of payable to total assets ratio and long-term

liability to total assets ratio are both zero, which means that some enterprises have no trade credit

or bank loans. Meanwhile, the maximum values of payable to total assets ratio and long-term

liability to total assets ratio show that enterprises use more bank loans than trade credit. More

specifically, small and medium firms use trade credit more than large firms, while state owned

enterprises use more bank loans and less trade credit.

Table 5 shows the summary statistics of key variables by firm size. We can see that 92 percent

of the enterprises in the Huamei database are small and medium enterprises, which allows us to

study the characteristics of these firms. Table 6 shows the summary statistics of key variables

with different ownership structures. Among the five ownership groups, private enterprises make

up the largest grouping, but state owned enterprises use more bank loans than the other owner-

ship groups.
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Table 4.  Summary statistics of firm-level variables in the regression

Variables Mean Std. Dev. Min Max
ln (Y/L) 4.608 0.038 0.006 8.786
ln (K/L) 0.353 1.279 0.257 6.740
Payable to asset ratio 0.142 0.149 0.000 11.608
Long-term liability to asset ratio 0.166 0.229 0.000 54.225
Payable of small firms 0.056 0.121 0 5.877
Payable of medium firms 0.077 0.128 0 11.608
Payable of large firms 0.009 0.048 0 1.166
Payable of state owned enterprises 0.012 0.056 0 1.765
Payable of collectively owned enterprises 0.009 0.056 0 5.877
Payable of private enterprises 0.090 0.133 0 11.608
Payable of joint & share holding enterprises 0.001 0.014 0 1.225
Payable of foreign enterprises 0.028 0.092 0 2.074
Long-term liability of small firms 0.069 0.167 0 29.166
Long-term liability of medium firms 0.086 0.192 0 54.225
Long-term liability of large firms 0.011 0.057 0 1.311
Long-term liability of state owned enterprises 0.025 0.129 0 29.166
Long-term liability of collectively owned enterprises 0.010 0.065 0 8.346
Long-term liability of private enterprises 0.102 0.192 0 54.225
Long-term liability of joint & share holding enterprises 0.001 0.020 0 1.657
Long-term liability of foreign enterprises 0.025 0.097 0 7.242
D_2004 0.256 0.436 0 1
D_2005 0.239 0.427 0 1
D_2006 0.242 0.428 0 1
D_2007 0.263 0.440 0 1
Number of observations 235,662

Note: The number of observations 235,662  includes four years of unbalanced panel data from 2004~2007. As mentioned, we 
determined that there were a number of outliers in our dataset, so to improve our analysis, we removed the minimum and maximum 
values, which account for around 1% of the whole sample.

Table 5.  Summary statistics of key variables by firm size

Variables        Mean Std. Dev. Min Max
Small firm size 
ln (Y/L) 4.600 0.010 3.372 5.567
ln (K/L) 6.268 1.201 0.257 12.882
Payable to asset ratio 0.150 0.158 0.000 5.877
Long-term liability to asset ratio 0.185 0.230 0.000 29.166
Number of observations 88,185
Medium firm size
ln (Y/L) 4.609 0.026 0.006 5.531
ln (K/L) 6.739 1.201 0.482 14.022
Payable to asset ratio 0.139 0.146 0.000 11.608
Long-term liability to asset ratio 0.156 0.236 0.000 54.225
Number of observations 129,692
Large firm size  4.636 0.114 3.535 8.786
ln (Y/L) 7.852 1.342 1.662 16.740
ln (K/L) 0.124 0.126 0.000 1.166
Payable to asset ratio 0.139 0.161 0.000 1.311
Long-term liability to asset ratio 17,785

Note: The number of small firms is 88,185, and the number of medium sized firms is 129,692. Together, small and 
medium enterprises account for 92% of the total number of firms in our database.  
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3. Model and analysis

3.1 Regression for TFP

As mentioned in section 2, the Cobb-Douglas and logarithmic transformation production func-

tions are used to estimate productivity, with the firm level production function given by

ln(Y it/Lit) = β0 + β1 ln(Kit/Lit) + β2TCit + β3Bankloanit + β4Year_dummyi + εit  (3.1-1)

Function (3.1-1) represents the basic model to be used in this analysis, and will be modified in

two ways in order to observe the efficiency of the different financial sources over productivity.

The regression results are reported in Table 7.

Table 6. Summary statistics of key variables by ownership 

Variables Mean Std. Dev. Min Max
State owned enterprises
ln (Y/L) 4.604 0.049 4.389 8.786
ln (K/L) 7.059 1.270 1.918 16.291
Payable to asset ratio 0.110 0.135 0.000 1.765
Long-term liability to asset ratio 0.225 0.324 0.000 29.166
Number of observations 26,042
Collectively owned enterprises
ln (Y/L) 4.605 0.021 4.491 5.294
ln (K/L) 6.109 1.170 1.595 12.463
Payable to asset ratio 0.158 0.179 0.000 5.877
Long-term liability to asset ratio 0.172 0.216 0.000 8.346
Number of observations 13,523
Private enterprises
ln (Y/L) 4.607 0.030 4.077 7.947
ln (K/L) 6.533 1.203 0.482 16.740
Payable to asset ratio 0.140 0.143 0.000 11.608
Long-term liability to asset ratio 0.159 0.217 0.000 54.225
Number of observations 156,384
Payable of joint & share holding enterprises
ln (Y/L) 4.607 0.026 4.409 4.924
ln (K/L) 6.709 1.414 1.970 12.714
Payable to asset ratio 0.141 0.147 0.000 1.225
Long-term liability to asset ratio 0.191 0.214 0.000 1.657
Number of observations 1,114
Foreign enterprises
ln (Y/L) 4.612 0.060 0.006 8.760
ln (K/L) 7.016 1.449 0.257 16.453
Payable to asset ratio 0.170 0.166 0.000 2.074
Long-term liability to asset ratio 0.150 0.196 0.000 7.242
Number of observations 38,599

Note: In the Huamei database, private enterprises make up the largest grouping, accounting for approximately 66.4% 
of the total, while state-owned enterprises account for 11%, collectively owned enterprises account for 5.7%, foreign 
enterprises account for 16.4%, and joint & share holding enterprises account for approximately 0.5%. 
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Column 1 shows the results of the fixed effects model, in which the coefficient of the payable

to total assets ratio is negative but not significant. The coefficient of long-term liability to total

assets ratio is negative and significant, as shown in column 2, the random effects model. The

Hausman test results prefer the fixed effects model to the random effects model.

Columns 3 and 4 show the results of using cluster robust analysis of different groups. Column

3 presents the fixed effects model which uses clustering by province, and column 4 presents the

fixed effects model which clusters by sector. The coefficient of the payable to total assets ratio in

both columns 3 and 4 is significantly positive, whereas the coefficient of long-term liability to

total assets ratio in columns 3 and 4 is significantly negative, indicating that trade credit could

perhaps promote greater productivity, and that the larger the bank loans, the lower the productiv-

ity.

The results about trade credit may allow us to speculate that enterprises with more trade credit

are better suited for productivity growth, which is consistent with the findings of Petersen &

Rajan (1997), Danielson & Scott (2004), and Molina & Preve (2012), in that they show that trade

Table 7.  Results of the analysis with trade credit and bank loan variables

Model Fixed Random
Cluster-robust

(cluster on province)
Fixed

Cluster-robust
(cluster on sector)

Fixed
Depended variable: ln (Y/L) (1) (2) (3) (4)
ln (K/L) 0.0055***

(0.0002)
0.0070***
(0.0001)

0.0077***
(0.0010)

0.0074***
(0.0010)

Payable to asset ratio −0.0008
(0.0010)

0.0056***
(0.0010)

0.0073***
(0.0010)

0.0073***
(0.0010)

Long-term liability to asset ratio −0.0039***
(0.0010)

−0.0032***
(0.0003)

−0.0037***
(0.0010)

−0.0039***
(0.0010)

D_2004 −0.0119***
(0.0002)

−0.0118***
(0.0002)

−0.0118***
(0.0010)

−0.0111***
(0.0010)

D_2005 −0.0054***
(0.0002)

−0.0054***
(0.0002)

−0.0053***
(0.0010)

−0.0039***
(0.0010)

D_2006 −0.0036***
(0.0002)

−0.0035***
(0.0002)

−0.0034***
(0.0005)

−0.0038**
(0.0020)

D_2007 — — — —
Constant 4.5771***

(0.0010)
4.5660***
(0.0005)

4.5610***
(0.0050)

4.5632***
(0.0070)

Observations 235,662 235,662 235,662 235,662
Number of groups 114,326 114,326 31 101
R-squared 0.0480 — 0.0800 0.0590

Hausman specification test       chi2(6) = 166.6700
     Prob > chi2 = 0.0000

Note: The results above are based on the Huamei dataset. Three different analytical models are used: The fixed effects model,  the 
random effects model, and the cluster analysis model. We also use the Hausman test on the results of the fixed effects and the random 
effects models. The number of groups which cluster on province is 31 which shows the location of the enterprises. These 31 provinces 
are Beijing, Tianjin, Hebei, Shanxi,  Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, 
Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shanxi, 
Gansu, Qinghai, Ningxia, Xinjiang. The number of groups which cluster on sector is 101, which includes sub classifications. “—” 
indicates where the variables were omitted due to multicollinearity. Standard errors are in parentheses, and robust standard errors are 
in parentheses with cluster groups. *** Indicates p<0.01, ** indicates p<0.05, and * indicates p<0.1. 
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credit may provide better access to capital for firms than formal financial channels. On the other

hand, the results that show that more bank loans may weaken the productivity of the enterprises

requires more analysis, not only to better understand the effect of bank loans, but also how it is

affected by firm size and ownership structure.

To tackle this problem, and in order to assess the features of Chinese industrial enterprises,

interaction terms are created for firm size and ownership structure, and these dummy variables

are added to the basic equation (function 3.1-1).

The production function is given by

ln(Y it/Lit) = β0 + β1 ln(Kit/Lit)+ β2TCit + β3Bankloanit + β4TC  ×  Firmsizeit

                  + β5TC  ×  Ownershipit + β6Bankloan  ×  Firmsizeit + β7Bankloan  ×  Ownershipit

                  + β7Year_dummyi + εit

 (3.1-2)

Table 8 reports the estimates on productivity by different financial sources based on firm size

and ownership of the enterprise. Column 1 shows the results of the fixed effects model, while

column 2 presents the results of the random effects model. The Hausman test shows a preference

for the fixed effects model. Columns 3 and 4 use the cluster-robust analysis by clustering on

province and sector. Both models use fixed effects models. According to the results, there are no

major differences between the fixed effects model and the cluster-robust analysis.

First, we focus on the firm size dummy, because for SMEs, regardless of the type of debt

incurred, the greater their debts, the worse their productivity. By contrast, for large enterprises,

regardless of whether they use bank loans or trade credit, their productivity will increase. The

coefficient of trade credit and bank loans for the dummy variables of large firms were omitted

due to multicollinearity. The coefficients of the payable to asset ratio and long-term liability to

asset ratio are significant and positive, and are consistent with the large firm dummy variables.

These findings are consistent with the theory that, compared to large enterprises, SMEs face dif-

ficulties in obtaining bank loans in China (Ge & Qiu (2007)). Why trade credit cannot be used to

help SMEs grow their productivity will be a topic to explore in a future study.

Second, the coefficients of ownership dummy variables with bank loans show that state owned

enterprises might lower their productivity because of their debts to banks, while for the other

ownership structures, bank loans have significantly positive effects on productivity.

These findings remind us that in recent years China’s economy has slowed down. According

to the World Bank’s latest report on the East Asia and Pacific region, “China should continue to

prioritize reducing excess capacity, curbing the credit surge, lowering the debt leverage in the
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Table 8.  The results of the analysis with trade credit and bank loan variables

Model Fixed Random
Cluster-robust

(cluster on province)
Fixed

Cluster-robust
(cluster on sector)

Fixed
Depended variable: ln (Y/L) (1) (2) (3) (4)
ln (K/L) 0.0055***

(0.0002)
0.0061***
(0.0001)

0.0062***
(0.0001)

0.0065***
(0.0001)

Payable to asset ratio 0.0412***
(0.0030)

0.0458***
(0.0020)

0.0401***
(0.0020)

0.0386***
(0.0020)

Long-term liability to asset ratio 0.0094***
(0.0030)

0.0618***
(0.0020)

0.0729***
(0.0020)

0.0759***
(0.0020)

Payable of small firms −0.0484***
(0.0030)

−0.0488***
(0.0020)

−0.0407***
(0.0020)

−0.0408***
(0.0020)

Payable of medium firms −0.0406***
(0.0030)

−0.0389***
(0.0020)

−0.0311***
(0.0020)

−0.0321***
(0.0020)

Payable of large firms — — — —
Payable of state owned enterprises −0.000721

(0.0030)
−0.0121***

(0.0020)
−0.0168***

(0.0020)
−0.0124***

(0.0020)
Payable of collectively owned enterprises 0.0025

(0.0030)
0.0034**
(0.0020)

0.0046***
(0.0020)

0.0078***
(0.0020)

Payable of private enterprises 0.0003
(0.0020)

0.0021**
(0.0010)

0.0020**
(0.0010)

0.0041***
(0.0010)

Payable of joint & share holding enterprises 0.0010
(0.0090)

0.0010
(0.0060)

0.0007
(0.0060)

0.0022
(0.0060)

Payable of foreign enterprises — — — —
Long-term liability of small firms −0.0228***

(0.0020)
−0.0703***

(0.0020)
−0.0790***

(0.0020)
−0.0836***

(0.0010)
Long-term liability of medium firms −0.0216***

(0.0020)
−0.0642***

(0.0020)
−0.0739***

(0.0010)
−0.0782***

(0.0010)
Long-term liability of large firms — — — —
Long-term liability of state owned 
enterprises

−0.0110***
(0.0020)

−0.00143
(0.0010)

−0.0070***
(0.0010)

−0.0049***
(0.0010)

Long-term liability of collectively owned 
enterprises

0.0128***
(0.0030)

0.0053***
(0.0020)

0.00239
(0.0010)

0.00339**
(0.0010)

Long-term liability of private enterprises 0.0075***
(0.0020)

0.0011
(0.0009)

−0.0009
(0.0010)

0.0007
(0.0010)

Long-term liability of joint & share holding 
enterprises

0.0159**
(0.0070)

0.0031
(0.0040)

−0.0017
(0.0042)

0.0002
(0.0040)

Long-term liability of foreign enterprises — — — —
D_2004 −0.0113***

(0.0002)
−0.0112***

(0.0002)
−0.0103***

(0.0004)
−0.0111***

(0.0002)
D_2005 −0.0050***

(0.0002)
−0.0050***

(0.0001)
−0.0040***

(0.0004)
−0.0050***

(0.0002)
D_2006 −0.0033***

(0.0001)
−0.0033***

(0.0002)
−0.0034***

(0.0004)
−0.00323***

(0.0002)
D_2007 — — — —
Constant 4.5770***

(0.0010)
4.5710***
(0.0010)

4.5700***
(0.0010)

4.5680***
(0.0005)

Observations 235,662 235,662 235,662 235,662
Number of groups 114,326 114,326 101 31
R-squared 0.0520 — 0.0780 0.1000

Hausman specification test   chi2(18) = 896.2600
Prob>chi2 = 0.0000

Note: The results above are based on the Huamei dataset. Three different analytical models are used,  including the fixed effects 
model, the random effects model, and the cluster analysis model. We also use the Hausman test on the results of the fixed effects and 
the random effects models. The number of groups which cluster on province is 31 which shows the location of the enterprises. These 
31 provinces are Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, 
Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, 
Shanxi, Gansu, Qinghai, Ningxia, Xinjiang. The number of groups which cluster on sector is 101, which includes sub classifications. 
“—” indicates where the variables were omitted due to multicollinearity. Standard errors are  in parentheses, and robust standard 
errors are in parentheses with cluster groups. *** Indicates p<0.01, ** indicates p<0.05, and * indicates p<0.1.
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corporate sector and reforming state-owned enterprises”9. The results of our dataset may show

some evidence about the excess capacity problems among enterprises indicated by the World

Bank. They show that even if state owned enterprises could raise funding more easily from

banks, it may not raise their productivity. It may also be related to overinvestment problems in

China (Ding, Knight & Zhang (2016)). With a longer term panel dataset, this topic could be

explored in a future study.

3.2 Regression on profitability

In order to further test the regression results using TFP, profitability ratio is introduced as

another dependent variable, measured as the operating profitability over total sales (ROA). The

TFP regression in (3.1-1) is modified as

ROA = β0 + β1TCit + β2Bankloanit + β3 ln Lit + β4Year_dummyi + εit  (3.2-1)

ROA is defined by the ratio of operating profitability over total assets. The difference with

equation (3.1-1) is that (3.2-1) drops the capital to labor ratio and adds a control variable for

employees as an independent variable. Because there may be negative growth for the net profita-

bility of firms, the ratio of operating profitability over total assets is used to test the two financial

sources. If the regression results of equation (3.1-2) are the same as or similar to the regression

results with TFP (equation (3.1-1)), it may indicate strong evidence to support the analysis using

TFP.

The results are reported in Table 9. Columns 1 and 2 present the results of the fixed effects and

random effects models, respectively. The Hausman test indicates a preference for the fixed

effects model. In column 1, the sign of the coefficient of trade credit is positive but statistically

insignificant. The coefficient of bank loans, however, is significant and positive.

To compare the firm sizes and ownership structures of the enterprises, we use dummy vari-

ables, with the function given by

ROA = β0 + β1TCit + β2Bankloanit + β3ln Lit + β4TC × Firmsizeit

+β5TC × Ownershipit + β6Bankloan × Firmsizeit

+β7Bankloan × Ownershipit + β8Year_dummyi + εit

 (3.2-2)

The results are reported in columns 3 and 4 of Table 9. Similar to columns 1 and 2, the

Hausman test prefers the fixed effects results, which suggests that both trade credit and bank

loans have significantly positive effects on profitability. In other words, the higher the debts held

Japanese Journal of Monetary and Financial Economics Vol. 5, No. 1, pp. 24-47, 2017

©Japan Society of Monetary Economics 2017
37



Table 9.  The results of the profit analysis with trade credit and bank loan variables

Variables
Depended variable: ROA = profitability/total assets

Fixed Random Fixed Random 
(1) (2) (3) (4)

Payable to asset ratio 0.0104
(0.0205)

0.4080***
(0.0139)

0.4090***
(0.0704)

0.7480***
(0.0487)

Long-term liability to asset ratio 0.0708***
(0.0145)

0.7310***
(0.0090)

0.4040***
(0.0609)

0.1030**
(0.0432)

ln_L 0.1060***
(0.0060)

−0.0309***
(0.0020)

0.0878***
(0.0060)

−0.0669***
(0.0020)

Payable of small firms  −0.9200***
(0.0660)

−0.9690***
(0.0490)

Payable of medium firms −0.3420***
(0.0620)

−0.4250***
(0.0470)

Payable of large firms — —
Payable of state owned enterprises 0.1780**

(0.0750)
−0.0547
(0.0460)

Payable of collectively owned enterprises 0.0841
(0.0701)

0.3261***
(0.0450)

Payable of collectively owned enterprises 0.2180***
(0.0471)

0.3150***
(0.0280)

Payable of joint & share holding enterprises  0.2700
(0.1940)

0.2970**
(0.1480)

Payable of foreign enterprises — —
Long-term liability of small firms −0.5760***

(0.0540)
−0.5421***

(0.0400)
Long-term liability of medium firms −0.1850***

(0.0520)
0.4871***
(0.0390)

Long-term liability of large firms — —
Long-term liability of state owned enterprises 0.1340***

(0.0430)
0.1631***
(0.0280)

Long-term liability of collectively owned 
enterprise

0.1820***
(0.0590)

0.6060***
(0.0400)

Long-term liability of private enterprises 0.0325
(0.0400)

0.9270***
(0.0250)

Long-term liability of joint & share holding 
enterprises

0.2590
(0.1590)

0.3450***
(0.1130)

Long-term liability of foreign enterprises — —
D_2004 −0.2590***

(0.0040)
−0.3020***

(0.0040)
−0.2381***

(0.0040)
−0.2672***

(0.0040)
D_2005 −0.0947***

(0.0040)
−0.118***
(0.0040)

−0.0816***
(0.0040)

−0.0967***
(0.0040)

D_2006 −0.0631***
(0.0040)

−0.0779***
(0.0040)

−0.0555***
(0.0040)

−0.0650***
(0.0040)

D_2007 — — — —
Constant 0.0221

(0.0290)
0.6060***
(0.0120)

0.0955***
(0.0292)

0.7760***
(0.0119)

Observations 235,662 235,662 235,662 235,662
Number of grp_firm 114,326 114,326 114,326 114,326
R-squared 0.0360 — 0.0460 —
Hausman specification test  chi2(6) = 4725.9100

Prob>chi2 = 0.0000
chi2(18) = 5796.8000
Prob>chi2 = 0.0000

Note: The results above are based on the Huamei dataset. Two models are used, the fixed effects and the random effects models. The 
Hausman test is used to test the results of these models. “—” indicates where the variables were omitted due to multicollinearity. 
Standard errors are in parentheses. *** indicates p<0.01, ** indicates p<0.05, and * indicates p<0.1.
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by the enterprises, the more profits they gain. However, this differs from the TFP analysis, in

which trade credit may increase the productivity of the enterprises, but bank loans may decrease

their productivity, particularly in the case of state owned enterprises.

Compared with the results of the TFP regression, both types of financial sources may increase

the profitability of state owned enterprises. For SMEs, however, increasing trade credit and bank

loans may not increase their profits. Compared to large firms, SMEs have greater difficulty in

accumulating sufficient capital, expanding sales, and making profits. It has been recognized that

SMEs often lack of financial support from banks in China (Liu, Fujiwara, Jinushi & Yamori

(2016)). Even if they do gain access to funding from banks, they will face more serious problems

if that funding does not help them improve their productivity or profitability. These results

encourage us to find a better way to analyze these problems in future studies.

3.3 Using Levinsohn-Petrin method to calculate TFP

We will now try to find the evidence to prove that different financial sources may influence the

productivity growth of industrial enterprises. Using the Cobb-Douglas and logarithmic transfor-

mation production function in (3.1-1), we obtain the relationship between TFP and the financial

sources. However, there may be a simultaneity problem between the production factor variables.

We use the same novel approach as Levinsohn & Petrin (2003) and Petrin, Poi & Levinsohn

(2004), to address this simultaneity problem. A number of previous studies have used

Levinsohn-Petrin method to calculate the TFP of firms in China and other counties. For example,

Wang & Yu (2012) use the Levinsohn-Petrin method to calculate the TFP of Chinese enterprises,

to document the relationship between the performance of firms and their level of international

trade. Van Beveren (2012) uses firm data from the Belgian food and beverages sector to compare

fixed effects, GMM and the Levinsohn-Petrin method. He finds that the differences between the

various estimators to be very small. Ding, Guariglia & Harris (2016) examine TFP and its deter-

minants in Chinese industries over the 1998~2007 period. They also use the Levinsohn-Petrin

method, but they prefer the GMM results which show that increasing returns to scale (in most

industries) and technical change are important when estimating TFP. Cai, Fang & Xu (2011) ana-

lyzes the determinants and effects of entertainment and travel costs of Chinese firms. They use

the Levinsohn-Petrin method to calculate the TFP of firms and they find that these entertainment

and travel costs have a significantly negative effect on their TFP but also that some components

of entertainment and travel costs have substantial positive returns to firms. 

Here, we use the Levinsohn-Petrin method10 to calculate TFP, and we obtain this TFP to

measure the relationship between TFP and the different financial source variables. The model is

given by
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TFP = β0 + β1 ln Lit + β2TCit + β3Bankloanit + β4Year_dummyi + εit  (3.3-1)

where lnL is the logarithm of the state variable labor, and the other variables are based on equa-

tion (3.1-1). The results are reported in Table 10. Columns 1 and 2 present the results of the fixed

effects and the random effects models, respectively. According to the results of the Hausman test,

the fixed effects model is preferred.

The results show that the coefficient of the payable to asset ratio is positive, but statistically

insignificant. In contrast, the coefficient of the long-term liability to asset ratio is significantly

negative. This may suggest that bank loans have a negative effect on productivity, and the result

is consistent with the analysis of equation (3.1-1).

We also test the interaction term of the firm size and ownership dummy, that is

TFP = β0 + β1ln Lit + β2TCit + β3Bankloanit + β4TC × Firmsizeit

+β5TC × Ownershipit + β6Bankloan × Firmsizeit + β7Bankloan × Ownershipit

+β8Year_dummyi + εit

 (3.3-2)

The results are reported in columns 3 and 4 of Table 10. The Hausman test result prefers the

fixed effects model. In column 3, the coefficient of trade credit is positive and significant, which

suggests that enterprises might increase their TFP by using trade credit. The coefficient of the

bank loan variable, meanwhile, is positive but not significant. The interaction terms of the firm

size dummy and ownership dummy with trade credit are statistically insignificant. In contrast,

the coefficients of the bank loan variables for SMEs are negative and significant. The coefficient

of the bank loan variable for state owned enterprises is negative and significant, which suggests

that state owned enterprises might lower their productivity because of their debts, whereas the

other ownership structures experience significantly positive effects from bank loans. These

results are also consistent with the analysis of equation (3.1-2).

Thus, we conclude that the Levinsohn-Petrin method of calculating TFP supports the results

we found in section 3.1.

4. Conclusions

It is well known that financial sources and financial efficiency play a vital role in the growth

of enterprises. This study was conducted in order to better understand how different financial

sources might affect the growth of enterprises. There is a large body of research on TFP and

financial sources concerning Chinese industrial enterprises, but there are few studies that link
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Table 10. The results of the analysis with Levinsohn-Petrin TFP

Variables
 Dependent variable:  Levinson-Petrin TFP

Fixed Random Fixed Random 
(1) (2) (3) (4)

Payable to asset ratio 1.2110
(0.9970)

2.5900***
(0.7410)

37.1000***
(3.4280)

83.4000***
(2.6370)

Long-term liability to asset ratio −3.1890***
(0.7020)

−2.7060***
(0.4830)

1.5910
(2.9630)

57.3700***
(2.3340)

ln_L −10.5400***
(0.2720)

3.4550***
(0.1210)

−11.0201***
(0.2730)

1.2700***
(0.1280)

Payable of small firms  −45.6800***
(3.2010)

−78.1600***
(2.6380)

Payable of medium firms −34.7200***
(3.0130)

−61.6900***
(2.5060)

Payable of large firms — —
Payable of state owned enterprise 2.3051

(3.6600)
−9.8181***

(2.5330)
Payable of collectively owned enterprise 3.3791

(3.3950)
−18.0600***

(2.4620)
Long-term liability of collectively owned 
enterprise

1.4950
(2.2840)

−19.9900***
(1.5451)

Payable of joint economy, shareholding 
enterprise

−2.6161
(9.4180)

−19.3200**
(7.8860)

Payable of foreign enterprise — —
Long-term liability of small firms −11.7600***

(2.6260)
−61.2400***

(2.155)
Long-term liability of medium firms −8.9590***

(2.5210)
−51.7000***

(2.0880)
Long-term liability of large firms — —
Long-term liability of state owned enterprise −7.3020***

(2.0900)
0.7080

(1.5280)
Long-term liability of collectively owned 
enterprise

8.5532***
(2.8810)

−6.4941***
(2.1560)

Long-term liability of private enterprise 5.1432***
(1.9600)

−9.2493***
(1.3560)

Long-term liability of joint economy, 
shareholding enterprise

10.7500
(7.7190)

0.7780
(6.1051)

Long-term liability of foreign enterprise — —
D_2004 −15.5000***

(0.2050)
−14.5812***

(0.1940)
−14.9600***

(0.2080)
−13.4100***

(0.1960)
D_2005 −12.0502***

(0.1960)
−11.4411***

(0.1890)
−11.7000***

(0.1970)
−10.6901***

(0.1900)
D_2006 −8.2020***

(0.1860)
−7.7250***

(0.1810)
−8.0030***

(0.1861)
−7.3021***

(0.1820)
D_2007 — — — —
Constant 96.5700***

(1.4200)
23.0301***

(0.6521)
98.6832***

(1.4260)
33.2001***

(0.6840)
Observations 235,367  235,367  235,367 235,367 
Number of grp_firm 114,204 114,204 114,204 114,204
R-squared 0.0590 — 0.0610 —
Hausman specification test  chi2(6)= 3348.6100

Prob>chi2 = 0.0000
chi2(18) = 4376.3500
Prob>chi2 = 0.0000

Note: The results above are based on the Huamei dataset. The dependent variable is Levinsopn-Petrin TFP. Two models are used, the 
fixed effects and the random effects models. The Hausman test was used to test  the results of these models. “—” indicates where 
variables were omitted due to multicollinearity. Standard errors are in parentheses. *** indicates p<0.01, ** indicates p<0.05, and * 
indicates p<0.1.
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together the two concepts.

An unbalanced panel database of Chinese industrial enterprises was used to find an efficient

bridge to link productivity and financial efficiency. The results of the analysis show that for large

enterprises, both trade credit and bank loans have significant positive effects on the growth of

productivity. For SMEs, regardless of the type of debt incurred, the higher their debts, the lower

their productivity. These results are consistent with the theory that SMEs face difficulties in

obtaining bank loans in China, as compared to large enterprises. Moreover, we found that state

owned enterprises might lower their productivity because of their debts to banks, a finding that

supports existing evidence about the excess capacity problems that enterprises, particularly state

owned enterprises, have faced over the years. This could encourage further research to find a so-

lution to the excess capacity problem and the need to reform state owned enterprises in China.

The same models were also used to analyze the effects of the two financial sources on the

profitability of enterprises, in order to support the TFP theory of bank loans and trade credit. But

no strong evidence was found in these models to support it. However, by using the Levinsohn-

Petrin method to calculate TFP with these models, we found evidence to support the findings we

reported in section 3.1. More broadly, our findings show evidence of the excess capacity prob-

lem, particularly for state owned enterprises, and can provide a reference for finding new ways to

reform state owned enterprises in China in the future.
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Appendix A. Levinsohn-petrin method to test TFP

Levinsohn & Petrin (2003) and Petrin, Poi & Levinsohn (2004) use a novel approach to address

endogeneity problems. First, they use the Cobb-Douglas method to show the production as:

yt = β0 + βllt + βkkt + βmmt + ωt + ηt  (A1)

Where yt = lnY , l = lnL, k = lnK, mt is the intermediate input, ωt is the error variable for uncor-
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related productivity shock, and ηt is the error variable for white noise. While the error for uncor-

related productivity shocks cannot be observed by economists, it can be observed by firms.

Therefore, if a correlation between the inputs of production factors and the error for uncorrelated

productivity shocks is clearly observed, the simultaneity problem can be addressed.

The first condition is that the intermediate input mt is assumed to depend on the firm’s state

variable kt and ωt:

mt = mt (kt,ωt)

which is the intermediate demand function, where ωt can be written as:

ωt = ωt (kt,mt)  (A2)

This means that the unobservable productivity term can be expressed as a function of two

observed inputs.

According to Petrin, Poi & Levinsohn (2004), the second condition is that ωt is governed by a

first-order Markov process, and it is given by

ωt = E ωt | ωt − 1 + ξt  (A3)

where ξ expresses the error to which the capital does not immediately respond.

Using the function (A2), let vt represent value added, and yt can be written as

vt = β0 + βllt + βkkt + ωt + ηt

    = βllt + φt(kt,mt) + ηt
 (A4)

where

ϕt(kt,mt) = β0 + βkkt + ωt(kt,mt)

According to the Levinsohn-Petrin method, the first stage is to find the solution of the estima-

tion routine identified by βl, and the second stage is to find the solution of estimation routine

identified by βk. In the first stage, they substitute a third-order polynomial approximation in kt
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and mt, to use in ϕt(kt,mt). This allows us to find the solution of consistent estimator βl by using

OLS, that is

vt = δ0 + βllt + ∑
i = 0

3
∑
j = 0

3 − i
δi jkt

imt
j + ηt  (A5)

The second stage is the routine identified by the coefficient βk. First, the estimated value for ϕt

is given by 

ϕt = vt − βllt = δ0 + ∑
i = 0

3
∑
j = 0

3 − i
δi jkt

imt
j − βllt  (A6)

Therefore, for any candidate value βk*, the predicted value of ω is

ωt = ϕt − βk*kt  (A7)

Next, the consistent approximation to E ωt ωt − 1  is given by the predicted valued from the

equation

ωt = γ0 + γ1ωt − 1 + γ2(ωt − 1)2 + γ3(ωt − 1)3 + ϵt  (A8)

which is E ωt ωt − 1  .

Using βl, βk* and E ωt ωt − 1 , the production function can be written as

ηt + ξt = vt − βllt − βk*kt − E ωt ωt − 1  (A9)

Finally, the estimate βk of βk is given by the solution to the equation:

min
βk*

∑
t

vt − βllt − βk*kt − E ωt ωt − 1
2

 (A10)
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NOTES

1) The China Statistical Yearbook defines ex-factory price indices of industrial products as

data that reflect the trends and degree of change in general ex-factory prices of all industrial

products during a given period, including sales of industrial products by an industrial enter-

prise to all units outside the enterprise, as well as sales of consumer goods to residents. It

can be used to analyze the impact of ex-factory prices on gross output value and value

added to the industrial sector.

2) Because the China Statistical Yearbook reports the previous year’s data, the 2005~2008

Yearbook is used in order to obtain data for 2004~2007.

3) See the section 2.2 for the description of Huamei database.

4) Since the data on external input cost includes the cost of employees, the cost of external

inputs is first subtracted, then combined with workers’ wages, in order to get the data

required.

5) The China Statistical Yearbook defines the FPI as data that reflect the trends and degree of

change in the prices of investment goods and projects in fixed assets during a given period.

The investment in fixed assets consists of three components, namely investment in con-

struction and installation, investment in purchases of equipment and instruments, and

investment in other items. The price indices of investment in fixed assets are calculated as

the weighted arithmetic mean of the price indices of the three components of investment in

fixed assets.

6) Some papers call this database “China Annual Survey of Industrial firms” or “China Annual

Survey of Manufacturing Firms”. We call it “Chinese industrial enterprises database”, and

because it was provided by Huamei Commercial Information Consulting Corporation

(HMI) of China, we abbreviate it to “Huamei database” in this paper.

7) We determined that there were a number of outliers in our dataset, so to improve our analy-

sis, we removed the minimum and maximum values, which account for around 1% of the

whole sample.

8) There are 7 ownership groups in the 2006 definitions of SSBC: State-Owned Enterprises,

Collectively Owned Enterprises, Private Enterprises, Joint & Share Holding Enterprises,

Enterprises funded by Foreign Entrepreneurs & Entrepreneurs from Hong Kong, Macao and

Taiwa, and Others. In order to facilitate the data analysis in this paper, the 7 groups were

reduced to 6, merging Joint & Share Holding Enterprises, and the Others group was drop-

ped because the database has very few data points in this group.

9) See the Xinhua news article, “China remains powerful engine for global growth”, Editor:
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zhenglimin,04/20/2017.

(http://english.cctv.com/2017/04/20/ARTIzxjvYa8d6Viq71oWZtby170420.shtml).

10) See Appendix A for an explanation about the Levinsohn-Petrin method of calculating TFP.
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