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ABSTRACT 
In the process of China's marketization of interest rates, researching the characteristics of interest rates has very im-
portant theoretical and practical significance. Based on Chinese interbank repo interest rates, the characteristics of 
daily interest rates and monthly interest rates and their spreads have been researched, and unit root tests are paid to 
the level, the first difference and the spread of daily interest rates and monthly interest rates based on the traditional 
method and the exponential smooth transition autoregressive method (ESTAR) respectively. The results show: Firstly, 
as for different term of repo interest rates, the characteristics are different. Secondly, both lists of daily rates and 
monthly rates are integrated of order 1. Thirdly, the spread of daily interest rates and monthly interest rates is not sta-
tionary by use of ADF, but stationary by use of ESTAR. Finally, the long-run equilibrium relationship between daily 
repo interest rates and monthly repo interest rates is stable with nonlinear adjustment. 

Keywords: Repo interest rates, Unit root, Nonlinear, Augmented Dickey-Fuller (ADF), Exponential smooth transition 
autoregressive (ESTAR) 

1. Introduction 
Term structure of interest rates provides a characterization 
of interest rates as a function of maturity. It is the bench-
mark of assets pricing, financial product design, risk 
management and investment such as discussed in 
[1,2,3].Because of its numerous uses, estimation of the 
term structure has received considerable attention from 
researchers and practitioners, such as Xie Chi and Wu 
Xiong-wei (2002), Xie Chi (2004,2005,2006) [7], Zheng 
Zhen-long and Lin Hai (2003,2004,2005,2006,2007), 
ZHOU Rong-xie and QIU Wan-hua(2004), WANG 
Xiao-Fang(2006), Fan Long-zhen(2006), He Qi-zhi 
(2007)[4,5], etc..But most of the researches are only about 
how to estimate the term structure of interest, and few 
involved in the relationship between the different maturi-
ties of interest rates. 

The expectation theory regarding the term structure of 
interest rates is one of the bases of finance and mac-
roeconomy. According to the expectation theory, the yield 
spread between different-term interest rates is stationary, 
or different-term interest rates have the cointegration rela-
tionship with cointegrating vector (-1,1). Thus it is helpful 
to judge the existence of the expectation theory by 
checking the cointegration relationship between differ-
ent-term interest rates. Many documents have studied the 
expectation theory by use of the traditional unit root tests 
(DF and ADF)and cointegration tests (EG and AEG), such 
as Campbell,J.Y. (1987, 1995) ,SHI Min,WANG 
Shou-yang(2005)[6], and Wu Dan, Xie Chi(2005)[7],etc.. 

These traditional tests assume only linear adjustment. 

There are, however, economic situations where a 
non-linear adjustment process may exist [8]. For example, 
policy intervention may take place only when the economy 
deviates from equilibrium by a certain margin. The nature 
of the policy action may also differ, depending on the di-
rection of that deviation. Another example is that arbitra-
geurs enter the market only if the price deviation of an 
asset from its no-arbitrage equilibrium is sufficiently large 
to compensate for transaction costs. As to the empirical 
research of the expectation hypothesis of the term structure, 
for the sake of simplicity, many researches have neglected 
the inherent nonlinear adjustment of the term structure of 
interest rate. In fact, sometimes only series of moderate 
length are available and the number of observations is 
small. The small number of observations and the market 
friction including transaction costs in financial assets 
markets is likely to lead to nonlinear speeds of conver-
gence to equilibrium of rates of return, and often lead to the 
nonlinear adjustment of term structure of interest rates. 

Recently, some authors have emphasized such nonlinear 
features and adjustment of economic variables [9]. Typical 
nonlinear time series models which appear useful in prac-
tice concern various forms of regime-switches. Since the 
seminal articles of Ter asvirtaa&&  and Anderson (1992)[11] 
and Ter asvirtaa&&  (1994) [11], smooth transition autore-
gressive (STAR) models have become one of most popular 
classes of non-linear models in modern applied economics 
[10]. The STAR models have been employed in modeling 
the dynamics of various types of economic time series, for 
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example industrial production in Ter asvirtaa&&  and 
Anderson(1992) [11],unemployment in Skalin and 
Ter asvirtaa&&  (2002) [11], interest rates in van Dijk and 
Franses (2000) [9], exchange rates in Taylor, Peel, and 
Sarno (2001), real interest and exchange rates in George 
Kapetanios, etc.(2003)[11], inter alia. Most recently, Maki, 
Daiki (2005, 2006) [12, 13] investigated the term structure 
of interest rates in Japan using the nonlinear unit root test: 
ESTAR. His results provide strong evidence against the 
unit root of the yield spread between long-term and 
short-term interest rates, compared with standard unit root 
tests assuming only linear adjustment.  

The purpose of this paper is to investigate the term 
structure of interest rates in china using the unit root test in 
the exponential nonlinear smooth transition autoregressive 
(ESTAR) framework, as proposed by Kapetanios (2003) 
[11]. Their ESTAR approach tests for a unit root against a 
nonlinear stationary process based on the STAR process. 
In that paper they analyzed the implications of the exis-
tence of a particular kind of nonlinear dynamics for unit 
root testing procedures, and provided an alternative 
framework for a test of the null of a unit root process 
against an alternative of a nonlinear exponential smooth 
transition autoregressive (ESTAR) process. 

The plan of the paper is as follows: section 2 addresses 
the expectation theory and the traditional unit root test (DF, 
and ADF). Section 3 introduces the nonlinear unit root test 
proposed by Kapetanios (2003) [11] and applied by Maki, 
Daiki (2005, 2006) [12] [13] in Japan. Section 4 presents 
empirical applications in china. Section 5 provides a 
summary of the paper, and contains some concluding re-
marks. 

2. The Expectation Theory Regarding Term 
Structure and the Unit Root Test 
2.1. The expectation theory regarding term struc- 
ture 
The expectation hypothesis expressed by SHI Min,WANG 
Shou-yang (2005) [6] is as follows: 
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Where n and m represent respectively the long term and 
short term, k equal to [n/m], ( )n

tr  is the time t continu-

ously compounded yield to maturity of the n period, ( )m
t imr +  

is the time t im+  continuously compounded yield to 
maturity of the m period, Et is the expectation operator 
based on available information, and ( )nθ denotes term 
premium. 
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Known from equation (2), if ( )n
tr ， ( )m

tr have a unit root, 
( ) ( )n m

t tr r−  will be a stationary process, or ( )n
tr  and ( )m

tr  
have the cointegration relationship with cointegrating 
vector (-1, 1)’. Thus we can test for cointegration using 
unit root tests including the traditional unit root tests (DF 
and ADF). 

2.2. The traditional unit root tests (DF and ADF) 
From theoretical and applied point of view, the traditional 
unit root tests (DF) can be represented as follows1: 

1t t ty y uδ −Δ = +                            (3) 

1 1t t ty y uβ δ −Δ = + +                        (4) 

1 2 1t t ty t y uβ β δ −Δ = + + +                  (5) 

Whereδ , 
1 2,β β is the parameter, δ represents the in-

tercept, { ty } denote variable list, t denote time or trend 

variable, tu  i.i.d. 2(0, )σ .   

A null hypothesis with a unit root implies that 0δ = . 
The choice of formula (3), (4) or (5) is important since the 
distribution of the test statistic under the null hypothesis 
differs among these three cases. 

When the errors in (3), (4) or (5) are serially correlated, 
(3), (4) or (5) result in the following regression with 
p-order augmentation (ADF): 
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3. The Nonlinear Unit Root Test (ESTAR) [11, 

12, 13]  
The traditional unit root tests only assume linear adjust-
ment, but the term structure of interest rates often has the 
characteristics of inherent nonlinear adjustment because of 
market frictions. Thus sometimes, wrong conclusions will 
be drawn if using the traditional unit root tests for term 
structure. In order to take into account such nonlinear ad-
justment, this paper employs the unit root test in the 

                                                           
1 To know whether the DF model should include the intercept, the 
intercept and the time trend or neither in the test regression, see [14]. 
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nonlinear exponential STAR framework developed by 
Kapetanios, G., Y. Shin, and A. Snell (2003) [11]. 

1 1 ( ; ) , 1, ,t t t t d ty y y y t Tβ γ θ ε− − −= + Θ + = L       (9) 

where tε i.i.d.(0, 2σ ), and β  and γ  are unknown pa-
rameters. The ESTAR model defines different regimes in 
terms of small and large absolute deviations of the transi-
tion variable values from the threshold parameter value. 
Hence, this model has a ‘sandwich’ structure with the outer 
regime that is contrasted with the inner regime (Boriss 
Siliverstovs, 2005) [10]. The transition function of the 
exponential form is as follows: 

2( ; ) 1 exp( )
t dt dy yθ θ
−−Θ = − −                  (10) 

where it is assumed that 0θ ≥ ，and 1d ≥  is the delay 
parameter. The exponential transition function is bounded 
between zero and 1; . .i e  Θ：R → [0, 1] has the properties: 

(0) 0; lim ( ) 1
x

x
→±∞

Θ = Θ =  

and is symmetrically U-shaped around zero. 
Substituting (6) into (5) Kapetanios, G., Y. Shin, and A. 

Snell [11] obtain an exponential STAR (ESTAR) model, 
2

1 1[1 exp( )]t t t t d ty y y yβ γ θ ε− − −= + − − +            (11) 

Both sides of equation (11) subtract 1ty − : 

2
1 1[1 exp( )]t t t t d ty y y yφ γ θ ε− − −Δ = + − − +          (12) 

where 1φ β= − . 

The application that motivates the model is that of Sercu 
et al. (1995) [17] and of Michaelet al. (1997) [1].These 
authors analyse nonlinearities in the PPP relationship. 
They adopt a null of a unit root for real exchange rates and 
have an alternative hypothesis of stationarity, namely the 
long run PPP. Their theory suggests that the larger the 
deviation from PPP, the stronger the tendency to move 
back to equilibrium. In the context of the model, this would 
imply that while 0ϕ ≥  is possible, we must have 0γ <  
and 0ϕ γ+ < for the process to be globally stationary. 
They claim that the ADF test may lack power against such 
stationary alternatives and one of the contributions of this 
paper is to provide an alternative test designed to have a 
power against such an ESTAR processes. 

More formally, geometric ergodicity and the associated 
asymptotic stationarity can be established by the drift 
condition of Tweedie (1975). A variant of the condition 
states that an irreducible aperiodic Markov chain ty  is 
geometrically ergodic if there exists constants 

1δ < ,B,L< ∞  and a small set C such that 

1[ / ] , ,t tE y y y y L y cδ− = < + ∀ ∉  

1[ / ] , ,t tE y y y B y c− = ≤ ∀ ∈  

The concept of the small set is the equivalent of a dis-
crete Markov chain state in a continuous context. For more 
details see Tweedie (1975) [10], Balke and Fomby (1997) 
[20] and Kapetanios (1999) [11]. 

Following the practice in the literature (e.g. Balke and 
Fomby, (1997) [20], in the context of TAR models and 
Michael et al., 1997 in the context of ESTAR models), 
Kapetanios (2003) [11] and Daiki Maki (2005, 2006) [12] 
[13] impose 0ϕ = in [12], implying that ty follows a unit 
root process in the middle regime. Kapetanios (2003) [11] 
and Daiki Maki (2005,2006) [12] [13]  consider a null 
hypothesis that is a special case of a linear unit root which 
in terms of the above model implies that 0ϕ =  and 

0θ = .Under the alternative hypothesis ( 0ϕ =  but 0θ > ), 
then ty follows a nonlinear but globally stationary process 
provided that −2 < γ  < 0, which we assume holds. In 
practice, there is likely to be little theoretical or prior 
guidance as to the value of the delay parameter d. We 
would suggest that d be chosen to maximise goodness of 
fit over d = {1, 2, max,dL }.In what follows, to clarify ideas 
and in keeping with empirical practice to date (as in for 
example Michael et al.), Kapetanios (2003) [11] and Daiki 
Maki (2005, 2006) [12] [13]  set d = 1. 

Imposing φ = 0 and d = 1 gives their specific ESTAR 
model (12) as 

2
1 1[1 exp( )] ,t t t ty y y uγ θ− −Δ = − − +       (13) 

Hence we test 

,0:0 =θH                        (14) 

Against the alternative 

0:1 >θH .                       (15) 

Obviously, testing the null hypothesis (14) directly is 
not feasible, since γ is not identified under the null. If we 
compute a first-order Talyor series approximation to the 
ESTAR model under the null we get the auxiliary regres-
sion 

1

3 ,
tty y errorδ
−

Δ = +                (16) 

This suggests that we could obtain the t-statistic for δ = 
0 against δ < 0 as 

^ ^
/ . .( ),NLt s eδ δ=                  (17) 

Where 
^
δ is the OLS estimate of δ  and 

^
. .( )s e δ is the 

standard error of
^
δ . Their test is motivated by the fact that 

the auxiliary regression is testing the significance of the 
score vector from the quasi-likelihood function of the 
ESTAR model, evaluated at θ = 0. Unlike the case of 
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testing linearity against nonlinearity for the stationary 
process, the NLt  test does not have an asymptotic standard 
normal distribution. 

When the errors in (13) and (16) are serially correlated, 
(13) and (16) result in the following regression with 
p-order augmentation: 

2
1 1

1
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We can test the unit root via (18) instead of (13) and (19) 
instead of (16). 

4. Data and Empirical Results 
In this paper, we employ the monthly interest rates of 
treasury bonds repurchase trading of national interbank 
market as long-term interest rates, expressed as R1M, daily 
interest rates as short-term interest rates, expressed as R1. 
It is because of the following reason to choose repurchase 
interest rate data [15]. First, repurchase interest rate of in-
terbank market is the main variety of interest rate in 
China’s money market. In regards to the trading structure 
of money market, the amount of repurchase trade has a 
larger proportion in total transaction amount than that of 
trade in the Offered Market and Bond Market. Second, 
repurchase interest rate of interbank market is not only the 
tool of controlling and adjusting economics to every 
country’s central bank, but also one of important standards 
to decide the loan and deposit rate to commercial banks. 
The daily data obtained from www.ChinaMoney.com.cn 
consists of 572 periods between 2004:8-2006:1. Fig. 1 
provides the change situations of R1, R1M and profit 
spread (R1M-R1). According to Fig. 1 and footnote○1 , it 
can be confirmed: Empirical tests to R1 and R1M should 
include the intercept without the time trend, and empirical 
test to profit spread=R1M-R1 should not include the con-
stant or the time trend. Tab.1 gives the simple statistics 
characteristics of them. 

4.1. Tests for nonlinear of interest rates 

For simplicity, we estimate the nonlinear effect θ  im-
posing 1γ = −  on equation (12), similar to Kapet-
anios(2003) [11]、Daiki Maki (2005,2006) [12] [13]. From 
Table 2, we can know that R1M does not have θ  at a 
significant level, and R1 and the yield spread has a sig-
nificantθ . This estimation shows that R1M do not have 
nonlinear adjustment, but R1 and the yield spread have 
nonlinear adjustment. 

As for the criteria to determine the appropriate length of 
the distributed lag, we use the Akaike info criterion (AIC), 
Schwarz criterion (SC) and t-sig. As to the Akaike info 
criterion (AIC) and Schwarz criterion (SC), we select the 

model with the smallest information criterion. As to t-ing, 
we set the maximum lag=12. t-ing selects the lag order k 
via top-down testing. To begin with, we estimate the 
equation with the maximum lag (here, the maximum lag 
kmax=12). We use the lag order if the t-statistic of the pa-
rameter of the maximum lag is significant. If the t-statistic 
is not significant, we estimate the equation with the 

1max −= klag . That is, when the t-statistic of the pa-
rameter of the qklag −= max  is significant at a conven-
tional level, we employ the lag order [13]. 

4.2. Unit root tests 
ADF and ESTAR denote the unit root tests by Dickey and 
Fuller (1979) [17] and Kapetanios et al. (2003) [11], re-
spectively. As shown in Table 3, all of the tests do not re-
ject the unit root of interest rates at the level, but reject the 
unit root of interest rates at first-order difference. There-
fore, the results show that interest rates is integrated of 
order 1, namely I (1) process. 
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Figure 1. Interest rates of repurchase trading  

4.3. Cointegration tests 
According to the expectation theory, if different term in-
terest rates are all integrated of order 1 :I(1),the yield 
spread between different term interest rates are stationary, 
or different term interest rates have the cointegration rela-
tionship with cointegrating vector (-1,1)’. Table 4 shows 
the results of the unit root tests of the yield spread. The 
results of ADF test fail to reject a unit root at a 1% sig-
nificance level according to either criterion, even at a 5% 
according to AIC and t-ing criterions. In contrast, the test 
by Kapetanios et al. (2003) [11] provides strong evidence 
against the unit root of the yield spread at a 1% signifi-
cance level, even when different lag criterions are em-
ployed. This finding asserts that the long-run equilibrium 
relationship between different term interest rates is stable 
with nonlinear adjustment. 

5. Conclusion 
The paper has researched the characteristics of Chinese 
interbank repo interest rates, and the relation between 
Chinese interbank repo interest rates with different ma-
turities. The traditional unit root test ADF and the unit root 
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test in the exponential nonlinear smooth transition auto-
regressive (ESTAR) framework are introduced and ap-
plied to the reality of Chinese financial market. Main 
conclusions are as follows: 

First, the monthly interest rates R1M do not have the 
characteristic of nonlinear adjustment, but R1 and the yield 
spread have the characteristic of nonlinear adjustment. 

Second, both lists of monthly interest rates R1M and 
daily  interest rates R1 are integrated of order 1 :I(1), 
whatever tested by ADF test or tested by ESTAR proposed 
by Kapetanios et al. (2003) [11]. 

Third, if we test the spread R1M-R1 by use of ADF, No 
matter use AIC, sc information standard or t-sig criterion, 
it will not refuse unit root at at a 1% level (AIC information 

standard and t-sig criterion even at a5% level).Thus we can 
get the wrong conclusion that the spread R1M-R1 is not a 
stationary list and the expectation theory can not come into 
existence. 

Forth, if we test the spread R1M-R1 by use of ESTAR, 
after considering non-linear adjustment, No matter use 
AIC, sc information standard or t-ing criterion, it will re-
fuse unit root at a 1% level. Thus the spread R1M-R1 have 
the cointegration relationship with cointegrating ve ctor(-1, 
1)’, and then we can get the conclusion to support the ex-
pectation theory. 

The results provide strong evidence against the unit root 
of the yield spread between daily interest rates and 
monthly interest rates. The findings show that the long-run 

Table 1. Sample descriptive statistics 

Variables Observations Mean Max Min Std. Dev Skewness Kurtosis 
R1 605 1.650762 3.602900 1.053000 0.482511 0.903755 4.232855 

R1M 572 2.071604 3.534700 1.190400 0.589263 0.190826 1.879266 

Table 2. Tests for nonlinearityA 

 R1 R1M sperad 
 θ  tθ  θ  tθ  θ  tθ  

AIC 16.64400(9) 2.676826** 8.271662(9) 1.647177 517.3570(5) 2.889583** 
sc 17.08785(8) 2.759931** 7.379115(8) 1.470843 660.7691(2) 3.725535** 

t-sig 17.08785(8) 2.759931** 5.405781(5) 1.026662 517.3570(5) 2.889583** 
Annotate: A Parentheses show lag length. 
*(**) Significant at a 5 %( 1%) level to refuse. 

 

Table 3. Unit root tests for repo ratesB 

methods ADF STAR 
variables R1 R1M R1 R1M 

level: 
AIC -2.724232(9) -2.273499(9) -2.706878(9) -1.654935(9) 
sc -2.845593(8) -2.147877(8) -2.793031(8) -1.477065(8) 

t-sig -2.845593(8) -1.801322(5) -2.793031(8) -1.029404(5) 
first difference: 

AIC -7.520771**(12) -8.221985**(12) -3.460175**(12) -6.318140**(12)
sc -7.520771**(12) -8.221985**(12) -3.460175**(12) -6.318140**(12)

t-sig -7.176747**(7) -16.14545(12) -3.397295* (9) -6.293071** (8) 
Annotate: 
B Unit root tests are sensitive to lag length, we determine lag length us-
ing three lag criterions: the Akaike Information Criterion and Schwarz 
Criterion and t-sig introduced by Ng and Perron(1995).see[1]. 
*( **) Significant at 5 %( 1%) level to refuse. 

 
 
 
  

Table 4. Unit root tests for the yield spread
 ADF ESTAR 

AIC -1.571899(5) -3.035473** (5) 
sc -2.340362* (2) -3.939495** (2) 

t-sig -1.571899(5) -3.939495** (2) 
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Annotate :*(**) Significant at a 5 %( 1%) level to refuse.          
equilibrium relationship between different term interest 
rates is stable with nonlinear adjustment. Moreover, the 
applied cointegration tests with non-linear adjustment 
have multidimensional generalizations, and can be used 
to many other variables. For example, the number of 
observations of most macroeconomic variables, meas-
uring the business cycle, is small, because those vari-
ables are sampled only quarterly or annually. Thus, 
there are also nonlinear properties in those macroeco-
nomic variables with a small number of observations. 
We can also apply the ESTAR model to research the 
relation between the variables. 
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