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Fig. 1 Distribution of typical basin control stations in HRB
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Tab. 1  Basic information of hydrological gauging stations in Haihe River basin (HRB)

s s @K &R 2y W Hifgso Pl TR kem? TR AN Bt Sk
36255 WM& & Lrgizi 114.083 3 36.333 3 17 800 23 1
33600 M) 7K £ TR E T 115.183 3 40.516 7 14 507 25 1
32506 [ %26 IS ) 116.783 3 40.616 7 8 506 11 1
32513 T4x JlS) 117.166 7 40.616 7 5 340 10 1
31663 HepkE ] 119. 050 0 40.130 0 5 060 9 1

2.2 BRRENEBRSITERETLSHAE

K T B2 ZR 22 (Spearman ) B KFH S A6 56 FH 75 7R ( Kendall ) B A A 56 1047 IX 37K SCAE fb ka3 4l 2
PERG S, Spearman Fl Kendall ¥ B S0 7E T B B 45 1 B (5] 7 71 EL A 38 34 B3 356 ol 35 1) Sk 281, 17 Mann-
Kendall 3G 5E 2 —FAESHGTHR T, S SBGT R IIEM L 20N EA T EREA N —E 7341,

A2 BRI T BT R B S A U, 2 H AT HUBEH IR ik

Mann-Kendall 7% /2 1945 4Ff1 2 (H. B. Mann) f115 /K (M. G. Kendall) #2 11 3F & & i) —Fh AE S 805 11
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Fig. 2 Annual runoff changes given by 5 hydrological stations in HRB

x2 BEHNHEARERRERENEIT

Tab. 2 Decadal variation statistics for runoff for five key control stations

20 42 70 4EA%

20 142 50 4E4X 20 {42 60 4E4X 20 {42 80 4E4X 20 42 90 4FAY 21 22 00 4E4%

i

(%

Wi, WY, B s Wil s Bl W, B Y, B BESF-/

(m? - s % (m? - s) % (m? s % (m? -1 % (m-s) % (m? - s %
M 61.3 110.2 56.5 93.7 30.9 6.0 11.2 -61.6 10.6 -63.7 9.6 -67.1
i 7K 2% 19.3 78.6 15.4 42.5 14.3 32.4 7.4 -31.5 6.5 -39.8 1.8 -83.3
RS 39.1 139.0 18.5 16. 4 20.5 22.6 9.4 -44.9 11.2 -32.6 6.0 -63.2
T4 - - 9.7 22.4 12.2 46.9 6.5 -14.3 8.8 10.2 2.8 -63.3
ps| % | 28.9 37.5 27.1 28.9 29.6 40.8 14.4 -31.5 20.2 -3.9 5 -76.2
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ST s 1l 3 A S AR I R EA T TSRS W B PEAR I, 36 3 A TR IR A IR T DL VAT I e L R 3 3
P I BE AR Y Spearman SEHHE | T1 A Kendall 88341 U1 8K T B A5 /K 0. 05 Bl FHH , DB 1 37

S 5 A~ ST o] i A B (gl N A U 2 K ARl R N

*x3 BAREEEHGEERETHERKRE
Tab.3 Trend testing values given by 5 hydrological stations in HRB
iRE V% Spearman ZITHEITI Il i Kendall Ziif41U| i i AL Pk
a=0.05 a=0.05 (m*-s7' a7l
M 7.66 2.01 5. 66 1.96 -1.16 B3
M 7K 2 11.83 2.01 7.39 1.96 -0.34 B
T [T 826 8. 40 2.01 6.04 1.96 -0.52 B
T4 4.23 2.01 3.62 1.96 e
BEAR 3.23 2.01 2.91 1.96 i 3
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Fig. 4 Detecting curves of mutation of annual runoff in 5 hydrological stations in HRB by Mann-Kendall tests
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Tab. 4 Impacts of climate change and human activities on runoff given by 5 hydrological stations in HRB

, AERE SENE/ A/ B/ SAEAREFE W NS5
LRIl & @ A S ) o
7Kk /mm mm mm mm Fh/mm /% EWE/mm o 5H/%
AR 643.30 111.78 112. 66
WM&
1970—2010  532.70 32.21 87.26 79.57 24.52 30. 8 55.05 69.2
) KARAH I 476. 38 72.65 72.27
TR
1970—2010  465.32 44.21 63. 80 28. 44 8.85 31.1 19.59 68.9
TR 422.15 35.76 35.37
i 7K 2%
1970—2010  415.13 16.26 29. 82 19.50 5.94 30.5 13.56 69.5
% TR 502. 58 57.72 55.92
=
1970—2010  481.55 44.77 55.35 12.95 2.37 18.3 10. 58 81.7
KR 635.23 185.49 184. 40
G YN
1970—2010  615.80 118.26 168.97 67.23 16.52 24.6 50. 71 75. 4
4 4 iE

(1) M IR AT e PR WL 5 SR B WK B | 2 FIBRAR 1 5 A 7K SOk BT 42 i 19 DXl Ak 7 b il X
AR 2% 7K S S DA It e R A S AT AR, 45 7 Sl S I A T A AN [R) R B )3 D 38, JE HE L (5K
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Analysis of runoff change trend and its attribution in Haihe River basin

ZHANG Liru', HE Yonghui’, TANG Yueping', WANG Guoqing’
(1. Nawjing Automation Institute of Water Conservancy and Hydrology, Nanjing 210012, China; 2. Nanjing
Hydraulic Research Institute, Nanjing 210029, China)

Abstract; Under the influences of climate change and human activities, great changes in the runoff of watershed
have taken place. Especially in the Haihe River basin, a water resources shortage phenomenon is more serious,
hence it is very important to analyze the trends of water resources for sustainable development of the water resources.
According to the characteristics of actual landform and the distribution of hydrological stations in the Haihe River
basin, the historical variation trends of the annual runoff in the five selected typical watersheds of the Haihe River
basin are tested with the Mann-Kendall method and the linear regression method. Based on the semi-distributed
hydrological model - TOPMODEL, the quantitative assessment of the impacts of the climate change and human
activities on variation in runoff is made. And the analysis results indicate that there is a significant trend in the
recorded runoff at each key hydrometric station with the exception of the Taolinkou station. The reduced runoff is
mainly related to the human activities, and the influenced range is more than 65%. The responses of runoff to the
human activities is between 65% ~70% for the Guantai station, Zhangjiafen station and Xiangshuibao station, and
the response for other two is 81. 7% and 75. 4% respectively. The main cause is hydrological effects generated by

large-scale water conservancy construction in the Haihe River basin since the 1960’s.

Key words: climate change; human activity; Mann-Kendall testing; attribution analysis



