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Mann-Kendall test and Theil-Sen estimator for long
term spatial and temporal trends of streamflow in
Taiwan

Chen-Feng Yeh ™ Hsin-Fu Yeh® Cheng-Haw Lee

ABSTRACT In recent years, global climate change has altered precipitation patterns,
causing uneven spatial and tem-poral distribution of precipitation that gradually induces
precipitation polarization phenomena. Taiwan is located in the subtropical climate zone,
with distinct wet and dry seasons, which makes the polarization phenomenon more
obvious; this has also led to a large difference between river flows during the wet and dry
seasons, which is significantly influenced by precipitation. In this study, the long-term
streamflow data which recorded over 30 years are analyzed using the Mann-Kendall test
and the slope trend is calculated using the Theil-Sen estimator. Finally, after the trend
slope has been obtained, the amount of change in the data series of the average annual
streamflow are calculated. The results show that of the four water resource region, only the
southern region don’t show significant trend. In Northern Taiwan, the Ximen Bridge Station
in the Lanyang River basin has a significant downward trend, and the Fu-Shan Station in
the Tamsui River basin has a significant upward trend. In central Taiwan, the Ta-Lu-Keng
Station in the Houlong River basin and Sung-Mao Stations in the Dajia River basin have
significant up-ward trend. In eastern Taiwan, the Chih-Pen Station in the Chih-Pen River
basin and Ma-An-Chi Bridge Station in the Hualien River basin have significant upward
trend, and the Yen Ping Station in the Beinan River basin has a significant downward trend.
This distribution pattern provides valuable information for regional hydrological studies.
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1 F(1) 446.7 306388.4 2726321 1979-2014

2 5% FE 2735 298984.7 2719362 1975-2014

3 PaFIE 101.4 324454.8 2739377 1984-2014

JE#ER 4 ok s L 160.4 298991.3 2742949.3 1953-2014
G857 5 AR % 52.9 289452.4 2758619.3 1958-2014
6 B ¥l (2) 208.1 255810.3 2746676 1970-2014

7 SRR p= 139.1 267503.3 2733084 1971-2014

8 s R 2217 260738.5 2729330 1971-2014

9 BHER FTRELT 247.3 235174.2 2706423 1956-2014

10 b 125.6 279476.5 2689540.9 1958-2007

thER 11 KEZ TxRE 110.7 280274.8 2693428.7 1966-2014
&l 12 FATE 417.1 275573.8 2687359.4 1971-2008
13 B% S5 338.0 240300.8 2653415 1981-2014

14 EA&Z AN 129.4 187866.2 2612026 1972-2014

15 N figm 83.1 209775.8 2592901.4 1967-2014

16 IS HAENE 101.1 193794.3 2591889.4 1970-2014

17 EBe S Pask ;| 121.3 186554.1 2551818.6 1971-2014

_— 18 EH7K% ¥ 146.5 175903.5 2550924.6 1973-2014
Esz 19 AR SEERG 139.6 183217.2 2531714.6 1982-2014
- 20 s e 812.0 216098.8 2549698.6 1959-2008
21 Rl =30 408.5 213804.4 2512457.7 1964-2014

22 AR DN 175.3 203071.1 2496579.8 1965-2014

23 MIE% Wi 309.9 203708 2484782.9 1962-2013

24 HIAE HIA(3) 165.9 251423.7 2510676 1980-2010

25 FIEE% FIE () 148.6 254243.6 2518141 1962-2014

26 FESP 476.2 257848.7 2533238 1956-2014

27 B #Hik = (4) 638.8 263620.7 2521408 1978-2011

- 28 Ko 302.0 266748.4 2558617 1981-2011
Esz 29 VAl 249.4 261354.5 2559233 1959-2014
” 30 FIhEEE AL 1538.8 280960.2 2591852 1970-2014
31 EHEHALE 1008.4 290507.5 2598252 1980-2014

32 s EEnZiE 136.5 282765.3 2580279 1980-2014

33 fE% B G 2422 300541.4 2650476 1980-2014

34 5% 4K 434.6 310211.3 2646800 1960-2014
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S ~. N I Eﬁzze
|:|DnJJfE }t:ig \Z\ (514 Zh fes =
o i dmet wE% HERERE EEEEE SR (cms/year)
1 4fH(@1) 1979-2014 0.286 0.039 8.7%
EZ 2 REE 1974-2014 -0.804 -0.060 -10.0%
3 7EME 1984-2014 -2.726* -0.315%  -102.5%*
Bl 6K 4 L 1953-2014 3.304* 0.101*  31.6%*
w7 5 #5% 1958-2014 1.480 0.011 14.8%
BUZ 6 ¥ 1970-2014 0.753 0.032 17.9%
EaE P 1971-2014 0.880 0.042 18.6%
R S e 1971-2014 1.143 0.104 29.1%
®%EZ 9 FIEENR 1956-2014 2.053* 0.084* 33.0%*
10 (et 1958-2007 0.669 0.014 10.0%
. KFNZE 11 ERE 1966-2014 1.802 0.043 30.9%
S8, 12 FATE 1971-2008 2.942* 0.366* 48.4%*
5% 13 BEE 1981-2014 1.690 0.233 33.4%
Bz 14 B 1972-2014 1.821 0.057 44.1%
g 15 figm 1 1967-2014 0.933 0.020 14.2%
TR 9 TG 1970-2014 -0.010 0.000 0.0%
W 17 Past | 1971-2014 0.374 0.009 6.5%
EEKZ 18 i 1973-2014 1.669 0.060 38.9%
=Rl =
Bl TATI% 19 E{EAE 1982-2014 -0.077 -0.002 -1.0%
gy 20 ER 1959-2008 -1.322 0317 -22.7%
K = ! 1964-2014 -0.682 -0.105 -14.3%
R 22 SEI 1965-2014 -1.104 -0.055 -16.8%
MiEE 23 i 1962-2013 1.113 0.083 17.2%
HAZ 24 HIK®) 1980-2010 2.855% 0.339* 75.0%*
Flzz 25 FlEQ) 1962-2014 -1.112 -0.032 -16.9%
BEZ 26 HESF 1956-2014 -2.276* -0.229*  -38.4%*
BEE 27 HiRE(4)  1978-2011 1.334 0.255 18.4%
i'éﬁ:ﬁu% 28 Kew 1981-2011 1.224 0.189 23.9%
%n
- 0% 29 hvAlll 1959-2014 0.290 0.011 3.1%
30 IEEAFE 1970-2014 -0.029 -0.006 -0.3%
31 EHKfE  1980-2014 1.079 0.365 22.3%
32 EHpEfE  1980-2014 2.925* 0.251* 58.3%*
?E@éﬁ 33 EHEE  1980-2014 0.909 0.126 30.5%
1FE% 34 4K 1960-2014 -0.290 -0.030 -5.0%
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357 s dmTR uh 5) (cumulative (Mann-Whin (cms) B 41
deviations) ey-Pettitt) rgmiET WEEELE g
1 4F0) - 0.7860 0.9503 - - R
W% 2 RIEE - 0.6491 0.6533 - - -
3 7HF9E 2001 0.9999 2.2236 11.75 5.55 -67.3%
B RKH 4 Rk 1997 0.9984 1.8311 17.86 23.95 31.2%
&k 5 &% - 0.8718 0.9590 - - -
BlUZ 6 i 2) - 0.3001 0.6170 - - -
e, T N - 0.6591 1.0408 - - -
L S S e - 0.8953 1.3884 . . -
1%&HE% 9 fIREHL 2004 1.2810 0.9884 13.23 22.32 61.7%
10 B2 - 0.5737 0.4048 - - -
s OKHNE 11 bEE - 0.5576 0.3090 - - -
&35 12 W% 1999 1.2191 0.7952 24.98 37.92 46.3%
5% 13 BEE - 1.3227 0.8640 - - -
&z 14 AN - 0.9780 0.8982 - - -
T (= - 1.2951 0.9544 - - -
ARE 96 s - 0.7666 0.6226 - - ;
MY% 17 fEfE - 0.7122 0.7255 - - -
- KR 18 ¥rib - 1.5544 0.9934 - - -
EF;E TR 19 SfERE - 0.8481 0.8690 - - -
ey 20 R - 0.9613 0.7266 - - -
SR o1 =g - 0.9165 0.8877 . . -
BAAZ 22 HIN - 1.0786 0.9037 - - -
MagE 23 ¥ - 1.4004 0.9960 - - -
HWAIZ 24 HIAREB) 2004 1.4118 0.9782 1.71 21.63 73.0%
FlE% 25 FlFEQ) - 0.8415 0.5496 - - -
% 26 FESE 1991 0.7075 0.9207 36.51 31.80 -13.6%
HEZE 27 HRE@) - 0.7677 0.7522 - - -
- HEZ 28 K& - 0.7481 0.5276 - - -
Efi FrEenZ 29 L - 0.6217 0.5014 - - -
FahEng 30 FRIEARE - 1.1179 0.8513 - - -
0% 31 EHKAE - 1.0905 0.9251 - - -
EEZ 32 EErZERE 1997 1.6421 0.9981 11.76 17.93 42.2%
TEH% 33 HHUZE - 1.4208 0.9665 - - -
IEZ 34 4K - 0.7730 0.6826 - - -
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THBRIERGTE » BERERE RN S By EFHEEA T/ INAZ A T el LA SRR E K 2
& StEHSFEMARZITIIREERF ARG ELRFUER - STRERNE 2 Aos - o
REUR BB E HE ARG R R ED  WELSE LR IERL S 855 A 5 31.6%F1
-102.5% -

K725 L Mann-Whitney-Pettit & Cumulative Deviation g & £ /T IL ERE I |57 Bk 2 pi sk
ST AT 7774 2 G ST T ER BN B A L R 7y 2 S SR R AN 9 e 2 0] | D S U
SITESRAIFE 3 Fr o tHEXEBAE R T > JEEP IR R KR sk B Lk K RS 2 A iy 7 P IRk
EUA TG B LI DB BT 7 1997 47 [ BB RT B8 2 A SF30f & 57 1l By 17.86 cms #123.95 cms >
SR ERS 1997 12 23 BB - BEINIEE fy 31.2% - PHPIiEME 2 D8RG Fy 2001 4F » Epirs
BERTELS 2 R 24 R By 11.75 cms fI 5.55 cms » SRR &Y 2001 FE18 B N #3ES - HIRK
WEFE Ry 67.3% » Ryt (AR B A -
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