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Introduction:-

The Change-point Analysis of time series has important applications in many fields of life, such as studies on
Change Point Analysis of hydrometeorological time series. The global climate change threaten the living
environment of human beings, so the research on the hydrometeorological series is becoming more and more
important, and the Change Point Analysis has become a focus of many scholars. The nonparametric statistical
method requires less assumptions, and its operation process is relatively simple, which makes it easier for
researchers to apply and understand. Therefore, it is of great significance to study the nonparametric statistical test
method. At present, there are many nonparametric statistical methods for Change Point Analysis, such as Mann-
Kendall method, pettitt method, Reverse Spearman’s rho test, WMW method and so on. The majority of the

previous studies have assumed that sample data are serially independent. -] It is known that some
hydrometeorological time series may show serial correlation. The MK test is one of the most popularly applied tests
for change-points of hydrometeorological time series, and lag-1 serial correlation has a great influence on the MK
test. Therefore, this paper will investigates this issue by Monte Carlo simulation and find a way to eliminate the
influence of the lag-one serial correlation on the Mann-Kendall test in mutation test of hydrometeorological time
series.

Mann-Kendall Mutation Test
Theoreml.1 Let { Xt} be a time series which observations are denoted by{xt} ,where t=12L ,k,L ,n

k
Se=>.r  (k=23L ,n)
i=1

Where

Corresponding Author:-Jian Wang. 111
Address:-School of Mathematics and Statistics, Shandong University of Technology.


http://www.journalijar.com/

ISSN: 2320-5407 Int. J. Adv. Res. 7(7), 111-116

(j=12L i)

1 if x>x,
0  otherwise.

Let us assume that the time series above is serially independent. Then, the statistic, denoted UF, , is defined as

UF, _[S-E()] k=1,2,L n) @
ar(S,)

Where UF, =0.

If X;, X,,L , X, are independent random variables of the continuous type, each having the same p.d.f.. Then we
have

E(Sk)= k(k4_1)
Var(s, ) - n(n-1)(2n+5)

72

nit - Then we have

Let {X:} be a time series which observations is {X:,t =12,L, n} , Where Xt* =X

k

Sc=>.rr  (k=23L ,n)
i=1

Where

. {1 if x> x;,

i=12L ,i
0 otherwise. (J )

Assume that all the conditions of the statistic UF, hold. We still have

[Si-E(s0)]
UB, =———F—— (k:1,2,L ,n) 2)
ar(sy)
Let a be the significance level. If the observed value of UB, is equal to that of UF, and the value is within the
(1— a)% confidence interval, the change point of the time series will be K .
The Influence of the Lag-1 Serial Correlation on the MK Test
4-5

Simulation Study[ ]

The study investigate this issue by Monte Carlo simulation.
To indicate the influence of the lag-1 serial correlation on the MK test, given lag-1 serial correlation coefficient

o) :(—0.9(0.1)0.9), AR(1) processes with mean £, =1 and variance O'XZ =0.5 for each sample size
(n =20, 50,100,150) are generated by
h_ 2
Xo =t p (KXo =)+ o 1=ple, 3)
Where &, is the white-noise process with mean zz, =0 and variance ng :of (l—plz). Given that & is a

normally  distributed  random  variable  with  mean u, =0 and  variance 0'82 =1
The Monte Carlo simulation generated 3000 time series of AR(1) processes using Equation(3) for each sample size
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above with the given p, . Then, using Monte Carlo simulation, this study investigates the influence of lag-1 serial
correlation and sample size on the MK Mutation Test, respectively.

Simulation Results:-

Taking the probability of having more than six change-points as the research object, we analyzed the effects of the
AR(1) process with the different lag-1 serial correlation coefficients and different sample sizes on it by using R
statistic software for programming. And the change-points are obtained by the MK Test method in Theoreml.1.
Here the significance level o =0.05 and the critical value £, =+1.96. Then, the simulation results were

shown in Fig.1 and Fig.2, respectively.
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Fig 1:-Effect of positive serial correlation
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Fig 2:-Effect of negative serial correlation
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The probability of having more than six change-points corresponding to given o, and the sample size N are shown

in Figure 1 and Figure 2, which indicates that the higher the absolute value of positive lag-1 serial correlation, the
lower the probability of having more than six change-points. And the influence of negative serial correlation on
having more than six change-points is opposite to the positive cases. It also can be seen that the larger the sample
size, the higher the probability of having more than six change-points. Hence, the lag-1 serial correlation has great
effect on the Mann-Kendall Mutation Test. Eliminating the lag-1 serial correlation in a time series can produce more
accurate results.

Pre-whitening

Pre-whitening [5-6] has been suggested by von Storch (1995) and has been used by Kulkarni and von Storch (1995),

Douglas et al. (2000), Zhang et al. (2000,2001), and Burn and Hag Elnur (2001) to reduce the influence of an AR(1)
component on the application of the MK Test. The series can be pre-whitened using the following formula:

Yo =X —p X4 (4)
Obviously, {Yt} is a time series which observation is the{yt}. Then, using the Monte Carlo simulation in column

2, we show the probability of having more than six change-points corresponding to given o, and the sample size N
in Figure 3.
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Fig 3:-Modified by Pre-whitening

Figure 3 indicates that the pre-whitened series no longer displays the existence of lag-1 serial correlation in a time
series. Therefore, Pre-whitening method can eliminate the influence of lag-1 serial correlation on the MK Mutation
Test.

Case Study

To demonstrate pre-whitening method can eliminate the influence of lag-1 serial correlation on the MK Mutation
Test, the flood data from 1949 to 2008 in Zibo, China were made use of. First, we need to judge whether the lag-1
serial correlation exists in the flood time series.

Tab 1:-The test of significance of lag-1 serial correlation coefficient

parameter estimated value Std. Error t-Statistic Pr > [t| lag
MU 9763.1 994.85509 9.81 <.0001 0
AR1,1 0.40125 0.12030 3.34 0.0015 1

The existence of lag-1 serial correlation in the flood time series, obtained by conditional least squares estimator, is
displayed in Table 1. Given that the lag-1 serial correlation is denoted by o and p denote the p-value in this issue.

From Table 1, it can be seen that o =0.40125 and p <0.01. Therefore, lag-1 serial correlation exists in the

flood time series. Then, to eliminate the influence of lag-1 serial correlation on the MK Mutation Test, we modified
the flood data by pre-whitening. The line charts of flood data before and after pre-whitening are displayed in Figure
4(a) and Figure 4(b).
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Fig 4:-Line chart of flood data before and after pre-whitening from 1949 to 2008 in Zibo, China.

By viewing Figure 4, it is evident that the fluctuation of the flood data modified by pre-whitening is the same as
primary data. It indicates that the main information in the flood data is not lost.
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Next the MK Mutation Test ascertains the change-points in the pre-whitened flood series and primary flood data,
respectively. The results are shown in Figure 5.
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Fig 5:-Line chart of the MK test based on the flood data before and after pre-whitening from 1949 to 2008 in Zibo,
China.

By comparing the change-points in Figure 5(a) with those in Figure 5(b), it can be seen that there is a change-point
in the primary data, but there are two change-points in the pre-whitened series. It indicates that lag-1 serial
correlation has a great influence on the MK test and Pre-whitening can eliminate the influence. We have known that
the absolute value of lag-1 serial correlation coefficients and sample size have different degrees of influence on the
probability of having more than six change-points in column 2.2. So if the sample size N (resp. the lag-1 serial
correlation o) is not equal to the sample size 59(resp. the lag-1 serial correlation 0.4), the influence on the MK test

will be different.

From Figure 5, it also can be seen that there is a change-point before 1980. We guess: The change-point before 1980
may result in the change-point 1980. This phenomenon deserves in-depth study. We conclude that pre-whitening
method can eliminate the effect of lag-1 serial correlation on the MK Mutation Test. Therefore, we can more
accurately find the change-points and what the trend is in the pre-whitened series.

Concluding Remarks:-

This study investigated the effect of lag-1 serial correlation on the MK Mutation Test. And pre-whiting can
eliminate the influence. The Monte Carlo simulation results show that the absolute value of lag-1 serial correlation
coefficients have different degrees of influence on the MK Mutation Test. Therefore, we must judge whether the
lag-1 serial correlation exists in time series before ascertaining the change-points by MK Test. If lag-1 serial
correlation exists in time series, we will modify the time series using the pre-whiting method. Then, we can
ascertaining the change-points by MK Mutation Test.

From the simulation study in column 2, it can be seen that if the absolute value of lag-1 serial correlation coefficient
|pl| > 0.2, the lag-1 serial correlation will have a great influence on the MK Mutation Test. However, we can

ignore the effect when the sample size N >100 and the absolute value of lag-1 serial correlation coefficient
|| <0.1.

The MK Mutation Test method studied in this paper can be applied to other fields such as hydrometeorology and
finance, and has important research and application value.
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