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Abstract

Trend tests are used to investigate statisticaifsignce of trends. The popular Mann—Kendall (Mknd test
was originally proposed for random data. It wagrahodified to handle correlated data. After thaliag

hypothesis was introduced, the MK test was furthedified to accommodate it. The results from thissee
versions of the MK test can be very different. Tiigective of the present paper is to illustrateséheariations
in the MK trend test results. Not considering theaeations would lead to spurious conclusions alstatistical
significance of trends in data with associated rexoms deductions. Monthly temperature data fromaltah
are used for illustration.
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1.0 Introduction

Trend tests have been used to investigate the isypdclimate change and variability in hydrologic
time series in different parts of the world. Tretmlgarious series have been investigated: in Jegen
precipitation series (Xet al, 2003); in Yangtze basin in China (Zhagtgal, 2006); in precipitation

in Seoul, Korea (Wanget al, 2006). Earlier studies include those by World é&deblogical
Organization (1988), Mitosek (1992), Chiew and M¢ida (1993) and Burn (1994). In many of these
studies tests based on assumption of randomnedstanare used. With the exception of papers by
Hamed (2008) and Kumat al (2009)the effect of scaling on trend detection is notsidered.

A widely used non-parametric test for detectinqudi® in time series is the Mann—Kendall
(MK) test (Mann, 1945; Kendall, 1975).The null hyjpesis in the MK test is that data are random
and independent, i.e. there is no trend or sedaletation among observations. However, observed
hydrologic and climatic time series, especially thdy data, are generally autocorrelated. The
autocorrelations in observed data will lead to mipretation of results of trend tests. This situm
was recognized early by Cox and Stuart (1955) wated that “positive serial correlation among the
observations would increase the chance of sigmfiGmnswer even in the absence of a trend”.
Problems in interpreting confusing trend test rssekplain in part the variety and even contradicto
results reported from them.

Modifying the tests for trends to account for thie& of serial correlation in data and using
the modified tests has been the approach usedveyaénvestigators. Lettenmaier (1976) and Hirsch
and Slack (1984) were early investigators who aersid the effect of serial correlation on the rssul
from trend tests. Hamed and Rao (1998) introducewdified MK trend test for autocorrelated data
with arbitrary correlation structure.

The effect of scaling on trend detection was ingeséd by Hamed (2008). By using
simulated fractional Gaussian series, Hamed (2868)onstrated that the null hypothesis of no trend
was rejected by the MK trend test by as small ageage as ten percent for random data to as high
as sixty percent for data with the Hurst parametaf 0.9. The number of rejections increases with
increasingH and decreases with lower significance levels. Beeaof the symmetry of the test
statistic, which is not affected by scaling, bdble false positive and negative trends occur in lequa
proportions. These results point out the importaoicéesting for scaling effects in trend tests. The
objective of the research reported herein is tosqme the variation in results from trend tests
depending on the assumptions on which the testiseared.
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Monthly Malaysian temperature data from two stai@me used in the study. Temperature
data from the past three decades have been sefectsiidy because global warming and its effects
became prominent during this period (Fig. 1) Clienglhange and its effects started attracting attenti
and investigation during this period. Monthly temgiare data from Alor Setar in Kedah and Senai in
Johor are used in the study (Fig. 2). Alor Setdoésted in the north of Peninsular Malaysia while
Senai is located in the south. The duration of gateom 1979 to 2007.

Fig. 1
Fig. 2

Three tests, the MK test (Mann, 1945; Kendall, J97Be modified MK test (Hamed and

Rao, 1998), and the MK test under the scaling Hgms (Hamed, 2008), are used in the study.
Because the details of the test are availabledseheferences, they are briefly discussed next.

2.0 Tests used in the study

2.1 MK test

Consider a time series = [x4,¥2,...x,]. The test statisti€ is computed by Eq. (1).

5= Ei{_;l'ai_;l' (1)
1 .'X'E'CC\-:.'X—J
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whereR and R in Eq. (1) are the ranks of observationsand x; respectively of the time series.
Assuming that the data are independent and iddiytitiatributed, Kendall (1975) showed that

F{si=0n 3
V(5] — n(n—1)(2n + 5)/18 3)

Kendall (1975) also showed that the significance treihds can be tested by comparing the
standardised variablg in Eq. (4) with the standard normal variate aigaificance leveb.
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The basic assumption in this test is that the dagarandom. If the data are correlated then the
correlation may be removed by pre-whitening theadatiternatively, the varianc®y(S) may be
modified to account for the correlation. Such a ification to the MK test proposed by Hamed and
Rao (1998) is discussed below.

2.2 Modified MK test

Vo(S)in Eq. (4) is recalculated in this test\aS)by using Eq. (5).

nin—1)(2nt+s n
nin-1)(2n+s) W —
18 T

8

V=(5) = V,(S) x ni = (5)

In Eq. (5), 6/ns) represents a correction ¥(S) because of the autocorrelations in the data. The
approximation used fon(ns ) is the empirical expression in Eq. (6).
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In Eq. (6),04i) are the autocorrelation coefficients of the rapkihe data.

As the ranks of the observations of observatiorsuaed in Eq. (6) (S)is computed without using

either the data or their autocorrelation functidn. the present study, significant correlation
coefficients up toN/10 of N ranks are used. The modified statiaficis computed and tested for
significance.

£-1

T S=0
LI P
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2.3 MK test under the scaling hypothesis

In this test, the data are detrended by using S&988) non-parametric trend estimator. The scaling
coefficientH is obtained by maximising log likelihood functiom McLeod and Hipel (1978). This
estimate oH is approximately normally distributed for the unetated case when trii¢is 0.5 with

the mean and variance given by Egs. (8).

=05 — 2.874n 05087
HE £ } 8)

gy = 0.77654n~ % — 0.0062

The significance oH is tested by usingy and ey in Egs. (8). If H is significant, the trend testdan
the scaling hypothesis is conducted. The modifiadawnce of the test statistic is computed by using
Eq. (9).

V{S) = Bicj Biaecy 2/ X sin ™13 50) 9)

where:

N =

APl At Pk (10)
J@-2pi) (220D

The variance/(S)in Eq. (9) is corrected for bias by multiplyingwitth the factoB in Eq. (11).
B = agt+ Q1H+IQ.QH2+Q.3HE+EZ4H4 (11)

The coefficientsay, a;... a4 in Eg. (11) are functions of the sample sizand are found in Hamed
(2008). The modified test statistig is computed by using the modified variance and(Ex.If uzis
significant, then the trend is significant; otheswii it is not. The test under the scaling hypothesi
conducted only if the decisions from MK or modifietK tests are significant.

3.0 Data analysis and results

3.1 Results of the MK test

The values of the statisti® and the varianc&/(S) for the data from Alor Setar are 10,457 and
4,702,775, respectively. The statistic is 4.822, and is significant at 10%, 5% and 2.&%els.
Therefore the conclusion is that the Alor Setargeratures have a strong positive trend. The values
of SandVy(9 for data from Senai in Johor are, respectively6%0 and 4,702,775. The valuewsf

for Senai is 5.372 which is larger thapfor Alor Setar. Therefore the conclusion from tteést may

be that the positive trend in Senai data is strofigen that in Alor Setar. Depending only on these

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



458

results one may conclude that there is a northhsgradient in the Malaysian temperature trend. But
we will have to consider the strong correlationmianthly temperature data and perform the modified
MK test.

3.2 Results of the modified MK test

For the data from Alor Setar, the values of the ifiexdi varianceV' (S), the variance inflation factor
\f(S)/VO(S), and the statistic, are10,452,906, 2.223, and 3.234, respectivalyis smaller tharnu,
which is 4.822 due to the effect of correlatiorthie datau, is also significant at 10%, 5%, and 2.5%
levels, and is positive which indicates an incregsirend in temperature. The values \6{S),

V' (9/Vo(S), andu, for Senaare 28,410,496, 6.041, and 2.186, respectivelipr Senai has decreased
from 5.372 to 2.186, a reduction of 59.3%is positive for both data sets indicating incragdrends

in temperature. For both sets of datais significant at 10%, 5%, and 2.5% significaneeels.u, for
Senai is smaller than that for Alor Setar whiclofposite to the behaviour af. As u, is statistically
significant, the MK test under the scaling hypotses conducted to test the significance of the tes
statistic.

3.3 Results from the MK test under the scaling hyipesis

Before performing the MK test under the scaling ditesis, Hurst's parametét, and mean and
standard deviation dfl are estimated. The statistical significanceHofs tested and iH is found
significant, the MK test is performed under thelisgahypothesis. Otherwise, inferences from the
previous tests are accepted. Accordingly, khealue for Alor Setar, its mean and standard desnat
are estimated to be 0.92, 0.486, and 0.035, rdgphctTheH value for Senai is 0.90, and its mean
and standard deviation are the same as for AloarS#kita. TheH estimates for both data sets are
statistically significant. They are also close ity which indicates that MK test should be run end
the scaling hypothesis.

The bias-corrected varian8&S), the variance inflation factor(S/Vy(S), the bias correction
factor B, and the statistigs for the test under the scaling hypothesis are coeap For the Alor Setar
data, the values &K9), V(S/Vo(S), B, andus are 36,290,000, 7.717, 3.196, and 0.971, respgtiv
is statistically insignificant, and has decrease@.f71 fronmu, of 3.234. Because of the highvalue,
the variance inflation factoM(S/Vo(S) is quite large and so is the bias correction diad.
Consequently the trend is statistically insignifitalhe values o¥/(S), V(S/Vy«(9S), B, andus for the
Senai data are 54,190,000, 11.523, 2.255, and Ye¥péctively. In this casg; is also insignificant
indicating the statistical insignificance of therid in the temperature data.

4.0  Summary and conclusions

As the example discussed above clearly illustraties, MK test statistic is strongly affected by
correlation in the data and by the scaling fadtorConclusions drawn without considering these
factors can be misleading or even wrong. Although ttend statistici; is insignificant, plots of the
temperature data in Malaysia during these yeara stmooverall, general, gradual warming trend. But
this trend is statistically insignificant in thetddrom all the stations. The situation is “mixdd”the
sense that there are increasing but statisticadlignificant trends in Malaysian monthly temperatur
data.
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Fig. 1. Global land-ocean temperature index for 1977-2088r(sen et al., 2010)

THAILAND

INDONESIA
(Sumatra)

gX)

SINGAPORE™ -
(=R

Fig. 2. Locations of two meteorological stations in PenlasiValaysia: Alor Setar in Kedah
(48603) and Senai in Johor (48679)
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