-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Elsevier - Publisher Connector

Available online at www.sciencedirect.com

"-. ScienceDirect

Physics
Procedia

4

ELSEVIER Physics Procedia 3 (2010) 1753-1756

www.elsevier.com/locate/procedia

KSS Unit Root Test of Nonlinearity and Nonstationarity in China's
Agricultural Futures Markets

Chuan-chuan LIU, Ling-Yun HE*

Center for Futures & Financial Derivatives, China Agricultural Universipy, Begjing 100083, China

Abstract

Unit root tests are the starting points of most economic time series analyses. Based on the nonlinear unit root test
proposed by Kapetanios, Shin and Shell (KSS), this article propose a procedure to detect the presence of
nonstationarity against nonlinear processes in 5 representative China's agricultural futures markets. Our results
illustrate that a unit root is rejected in favor of nonlinear trend stationary for these markets; therefore, the results in
current literature based on the linear hypothesis may be spurious in understanding true market’s dynamics. We
contribute to current literature in providing for the first time the empirical evidence of these facts in China's
agricultural futures markets, which is fundamentally important in relevant researches.

(© 2010 Published by Elsevier Ltd Open access under CCRY-NC-ND license

Keyword’s. China's agricultural futures markets; Nonlinearity; Nonstationarity; KSS unit root test

1. Intr oduction

Most studies in current literature of China’s agricultural futures markets are based on the assumption of
multivariate normality, for example, cointegration theory proposed by Engle and Granger [1]. Many researchers
used the unvouched hypotheses that the prices (returns) time series of the commodity futures markets follow
Random-Walk Hypothesis (RWH) and that the relationships between different markets are linearly co-integrated.
Many researchers analyzd empirically the relationship between futures price and spot price by cointegration theory,
and found that most varieties of futures price and the futures spot price existed cointegration relationships [2-6].

Most studies in current literature tend to use unit root test based on the linear assumption. Nelson and Plosser [7]
proposed that the economic series are better characterizd by unit roots. Engle suggested it should test unit root of
time series before cointegration test and proposed the Augmented Dickey—Fuller (ADF) test [8]. Since then, the
analysis of unit roots of macroeconomic variables has become an increasingly popular topic, and unit root tests
become the starting points of most economic time series analyses. But many studies pointed out that ADF unit root
test gives the poor performance in small-sizzd samples [9-11], fractional integration [12, 13] and nonlinearities [14-
16]. The ADF test underestimates the speed of adjustment of the long-run equilibrium.

There is a growing dissatisfaction with the hypothesis of traditional unit root test which does not consider any
nonlinearity in the deterministic components. An incorrect specification of the deterministic components might
affect the validity of the test. Kapetanios, Shin and Shell proposed asymptotic critical values of the tNL statistics
was tabulated via Monte Carlo stochastic simulations, and then applied the method to ex post real interest rates and
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bilateral real exchange rates with the US Dollar from the 11 major OECD countries, and found KSS test was able to
reject a unit root in many cases, whereas the linear DF tests fail, providing some evidence of nonlinear mean-
reversion in both real interest and exchange rates [16]. By means of KSS tests, many other empirical results found
that the time series ofreal exchange rates are nonlinear trend stationary [17-22].

In the current context of China's agricultural futures markets, unit root tests are mainly based on linear
assumptions, ignoring the fact of the existence of nonlinearity in the markets [23-25]. Hung-Gay Fung, Wai K.
Leung and xiaoqing Eleanor Xu [23] using generalized auto-regressive conditional heteroscedastic (GAR CH) model
examined patterns of information flows for three commodity futures traded in the China's soybeans and wheat
futures markets. Du and Wang [24] also applied GARCH model to study China's wheat futures market. However,
their stationarity unit root tests are based on linear hypotheses. As a result, their conclusions may be spurious. Up to
now, there is still lack of any result of KSS nonstationarity based on nonlinear assumption in China's agricultural
futures markets domain.

2. Theory and methods

KSS test is applied to test equation by adding the index of the transfer function to test nonlinear adjustment
characteristics. KSS is given by the following ESTAR specification:

Ay,=vy,_, [l—exp(—@yf_lﬂ+ g, (62 0) M

where y, is the demeaned or detrended time series of interest, while y is unknown parameter and &, is an iid.
error with zro mean and constant variance. Furthermore, (1 —exp( 057, ﬂ is the exponential transition function
adopted in the test to present the nonlinear adjustment.

The null hypothesis is /4, :0 =0, while the alternative hypothesis is /,:0 >0 . Under the null hypothesis,
p, follows a linear unit root process, whereas it is a non-linear stationary ESTAR process under the alternative.
Because the null hypothesis /,:0 =0 cannot be directly tested, KSS suggest to reparameteriz Eq.(1) by
computing a first-order Taylor series approximation to specify Eq.(1) to obtain the auxiliary regression given by

Ay,=6y +¢, )

For a more general case where the errors in Eq.(2) are serially correlated, regression of Eq. (2) is extended to

2
Ay, =Y p,Ay, +83], +g, 3)

/=1
with the p augmentations to correct for serially correlated errors. The lag is determined through the AR models.
The null hypothesis of nonstationarity to be tested with either Eq.(2) or Eq.(3) is /4, :0 =0 against the alternative
H, 16 <0. Asymptotic critical value of the tNL statistics is given by

‘y, = 8/s,e.($) @)
where § is the OLS estimate of § and s.e.(g) is the standard error of & . The 7y, statistics does not obey an

asymptotic standard normal distribution.
3.Empirical analysis

3.1 Data

We selected daily closing price time series of five representative futures contracts of China's agricultural futures
markets, i.e., corn (from September 22, 2004 to January 23, 2009), hard wheat (from December 28, 1993 to January
23, 2009), strong wheat (from March 28, 2003 to January 23, 2009), No.1 soybean (from March 15, 2002 to January
23, 2009) and soy meal (from July 17, 2000 to January 23, 2009), including 1057, 3045, 1416, 1655, and 2039 data
points respectively. All our data are taken from Reuters Database©. In this article, CC, HW, SW, SBland SM
represent futures price series of corn, hard wheat, strong wheat, No.l soybean and soy meal respectively. From Fig.1,
the time-varying volatility patterns are obviously consistent with the nonlinear characteristics.
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Fig.1 the price time series of five futures contracts, i.e., (a) corn, (b) hard wheat, (c) strong wheat, (d) No.1 soybean and (¢)

soy meal, where the dotted lines are fitted nonlinear trends using polynomial fit method

3.2 KSS test

From Table 1, we can find the obvious departure from Gaussian normal distribution for all the series. Therefore,
the traditional unit root test may lead to spurious conclusion, and a KSS test should be applied to the market
analyses.

Table 1 Skewness, Kurtosis and Jarque-Bera Test

Jarque-Bera test
Value Probability
CC 0.044268 1.746577 69.53769 0.00
HW  0.022889 2202649 80.90239 0.00
SW 0.442987  2.142525  89.69263 0.00
SB1 1.246029 3.781176  470.3364 0.00
SM 0.892487 3317182  279.2358 0.00

Series Skewness  Kurtosis

Table 2 KSS unit root test results

Series KSS Significant Level
10%
CC -1.57 -2.66
HW -3.38 -2.66
SW -2.75 -2.66
SB1 -2.96 -2.66
SM -2.12 -2.66

After demeaning, we obtained KSS unit root test results (see Table 2). At 10% significant Level, the corn and soy meal
series accept null hypothesis, that is, they are stationary series; while hard wheat, strong wheat and No.1 soybean reject null
hypothesis, which imply they are nonlinear trend stationary. As for the latter 3 markets, the traditional unit root test is based on
linear assumption may lead to false results, as Bigman et al pointed out that the traditional method of testing unbiasedness is not
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valid and tends to produce "spurious regression" if the price series are nonstationary [26]. The nonlinear-stationary structures
existing in these markets also imply that price changes are not constant and exhibit nonlinear characteristics. Ourresults are
consistent with the facts observed in the futures market fluctuations.

4. Conclusions

In China's agricultural futures markets, hard wheat, strong wheat and No.l soybean are nonlinear trend stationary,
and show nonlinear characteristics. Therefore, to avoid spurious regression, we suggest non-linear analysis methods
should be used to describe the futures price fluctuations instead of linear methods in current literature.
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