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Abstract

Time series data including change, jump, trend and periodicity generally have nonstationarity. Especially, various
methods have been proposed to identify the trend about hydrological time series data. However, among various
methods, evaluation about capability of each trend test has not been done a lot. Even for the same data, each
method may show the different result. In this study, the simulation was performed for identification about the
changes in trend analysis according to the statistical characteristics and the capability in the trend analysis. For
this purpose, power test for the trend analysis is conducted using Men—-Kendall test, Hotelling—Pabst test, t test
and Sen test according to the slope, sample size, standard deviation and significance level. As a result, t test has
higher statistical power than the others, while Mann-Kendall, Hotelling—Pabst, and Sen tests were similar results.
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Table 1. Process of Hypothesis Test for the Nonparametric Trend Tests

Test

Test Statistic

Hypothesis Test
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X, © hydrologic series, N : number of total data,
G number of tied groups, £ : number of data in the ith group
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where, #=Y,[R(X,)-t]?, R(X,) : the rank in increasing order of X,
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Bay) ==

g_{ {N(N 1)(2N+5)— ZE( )(2E+0)H§,

significance level for the test

R(Z,)<S<R(Z,)

t=blo
where, Y, ! the dependent variable with the independent variable X,,

|t‘<tl—u/2

(Conover, 1971; Kendall, 1975; Mann, 1945; Sen, 1968; Yue et al., 2002(a); Oh et al., 2006)
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Fig. 1. Schematic lllustration of the Interval, Critical Regions, and Type | Error for the Two-Tailed Test

Power = 1-B

Type II error (B)

Fig. 2. Schematic lllustration of the Type Il Error and Power of the Test

Table 2. Consists of Monte—Carlo Simulation

. Standard Deviation Significance Generated
Sample Size (n) | Mean (£(X,)) (8D(X,)) Slope (6} Level (a) Number (&)
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Fig. 3. Power-Slope-Significance Level Curve of
t-test (n =50 and ¢=0.5)
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Fig. 4. Power-Slope-Sample Size Curve of t-test
(¢ =0.05 and ¢=0.5)
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Curve of t-test (¢ =0.05 and b=0.006)
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Table 3. Comparison of the Power among the Trend Tests for Different Slopes of Series with a=0.05, 0 =0.5

and n=50
Slope MK HP t Sen
-0.01 0.484 0.488 0.516 0.491
-0.008 0.330 0.334 0.342 0.334
-0.006 0.210 0.215 0.223 0.216
-0.004 0.126 0.128 0.130 0.128
-0.002 0.063 0.066 0.069 0.065
0 0.050 0.053 0.053 0.052
0.002 0.072 0.071 0.072 0.072
0.004 0.118 0.115 0.123 0.118
0.006 0.214 0.209 0.227 0.214
0.008 0.347 0.358 0.372 0.347
0.01 0.478 0.488 0.511 0.478

Table 4. Comparison of the Power among the Trend Tests for Different Standard Deviations of Series with

a=0.05, b=0.006 and n=>50

Standard deviation MK HP t Sen

0.1 1.000 1.000 1.000 1.000

0.2 0.816 0.817 0.846 0.816

0.3 0.486 0.491 0.514 0.486

0.4 0.318 0.319 0.342 0.318

0.5 0.214 0.209 0.227 0.214

0.6 0.156 0.159 0.162 0.156

0.7 0.133 0.135 0.145 0.134

0.8 0.112 0.112 0.119 0.112

0.9 0.088 0.095 0.101 0.088

1 0.095 0.096 0.103 0.095
0% =& AAYE Hole A& I + grk £ AAsiaom, 7]’}:}7"401]/\1 A gt AR X7
npxEko 2 §-o]=5=8 0,05, 71271 0.006, E=AA} 760 AH A5-F AEE AHESHATE FARD 2271
= 052 IAHAAAEL FE A7)0 & FAHHES v S 0]83}o] X (CS) 74, Kolmogorov-Smirnov (KS)
3l Table 50l EAISHATE FollA R X 2377} 5 77, Cramer von Mises (CVM) A7, &5 A3AS
7V&rE HA Y] St RS 890 4 o t4 (probability plot correlation coefficient; PPCC) A4S
o] T ARHET Ao =& AAYES Hol= &3l B A8 Fdslen, A AR 4
AL gl + ok Mol AA = lE”er ato] Gatdell Aehs & quth
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Table 5. Comparison of the Power among the Trend Tests for Different Sample Sizes of Series with « =0.05,

b=0.006 and o¢=0.5

Sample size MK HP t Sen
10 0.048 0.050 0.059 0.037
20 0.055 0.054 0.056 0.049
30 0.083 0.082 0.087 0.078
40 0.119 0.125 0.128 0.116
50 0.214 0.209 0.227 0.214
60 0.326 0.326 0.346 0.326
70 0.499 0.502 0.513 0.499
30 0.644 0.645 0.667 0.644
90 0.801 0.809 0.820 0.801
100 0.918 0.919 0.928 0.916

16
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Fig. 7. Time Series Data and Linear Regression Line at Imsil
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Table 6. Comparison between Rainfall Data at Imsil and Results of Power Test among the Trend Tests

(e =0.05)
Data MK HP t Sen
Rainfall Data at Imsil
(n=38, E(X,) =1, SD(X,)=0.268, b=0.0081) X X 0 X
Results of Power Test 0.457 0.467 0,485 0,449
(n=40, E(X,) =1, SD(X,) =0.3, b=0.008) : : : :
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