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Quantitative analysis of the impacts of climate change and
human activities on runoff change in Weihe Basin

GUO Aijun,CHANG Jian-xia, HUANG Qiang,SUN Jia-ning
(Key Laboratory of Northwest Water Resources and Environment Ecology of MOE,
Xi’an University of Technology ,Xi’an,Shaanxi 710048 ,China)

Abstract: [Objective] The impacts of climate change and human activities on the decreased runoff in
the Weihe Basin was studied to provide theoretical basis for use and management of water resources.
[Method] Accumulated variance analysis and Mann-Kendall test were used to identify the abrupt change
point of runoff,and the method of comparing slope change ratio of cumulative quantity was applied to cal-
culate the effects of climate change and human activities on runoff by taking the period before the abrupt
change point as the base period and the period after the abrupt change point as the measurement period.
[Result) In Weihe Basin the abrupt change points of runoff were 1971 and 1991, respectively. During 1972
to 1991, the contribution of climate change was 14. 60% ,among which precipitation and evaporation were
24.55% and — 9. 96 %, respectively. The contribution of human activities was 85. 40%. During 1992 to
2005, the contribution of climate change was 30. 37% (precipitation and evaporation were 25. 00% and
5.37% srespectively) while the contribution of human activities was 69. 63%. [Conclusion] Human activi-
ties had the most important influence on decreasing trend of runoff with contribution of ~80% in Weihe
Basin.
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change ratio of cumulative quantity
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Distribution of the meteorological and hydrological stations in Weihe Basin
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Table 1 Eigenvalues of the inter-annual runoff, precipitation and potential evapotranspiration in Weihe Basin

FEAE [ERihe [ 7K fiE WAE7E R i
Characteristic Runoff Precipitation Potential evapotranspiration

¥I{H Mean 70. 09 42, m® 548. 17 mm 847. 33 mm
Co 0.49 0.18 0. 06
A4y Year 1964 1964 1997

e RAH e i Max 207.67 42 m® 806. 92 mm 934. 38 mm
5 ZAE {4 {8 Max/Mean 2.76 1.47 1.1
Ay Year 1995 1997 1964

We/ME B fE Min 21 {2 m? 366. 97 mm 720.57 mm
5 ZAE I L Max/Mean 0.28 0.67 0. 85
Al [t Max/Min 9.89 2.2 1.3
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Fig. 2 Inter-annual variations of stream flow in Weihe Basin
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Fig. 3 Inter-annual variations of precipitation in Weihe Basin
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Table 2 Decadal variations of the intergenerational runoff, precipitation and potential evapotranspiration in

Weihe Basin (compared to the 1960s)

BTEZE K

fRBRAE 1k Ui Runoff WK it Precipitation Potential evapotranspiration
Decadal variations MXTAS AL /108 m® AR AEAE 3R/ % AN AR bR/ mm A AR R/ % X AR AR/ mm A XA LR %
Relative change  Relative ratio Relative change Relative ratio Relative change Relative ratio
1970s —38.53 —36.19 —24. 40 —4.27 25.99 3.07
1980s —17.93 —16. 86 —4.85 —0.85 —42.83 —5.06
1990s —55.45 —52.12 —62.59 —10. 95 6.39 0.75
2000 4EJ5 After 2000 —51.54 —48.49 —24.88 —4.35 28. 64 3.39
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Fig. 5 Cumulative anomaly of annual runoff in Weihe Basin
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Mann-Kendall analysis of the abrupt points of annual runoff in Weihe Basin

5 AMBEAL AN NS B XHE T 422 it 52
i f4 7€ f5t J Afr
.1 RBEREEHEUXR

Bt X T T 3 A AR U 9 2 ) R AR R R
ARy A R G R TR A5 B o S0 AN TR B AR R (i
FRRRE SER LR R AR SO ME 7
s o K SRR 5 AR 0 Z A 2t 5 &
3 A I ] BOAH SE R B R ¥1ah 3 0. 99 D L=

4000
= S 3000} y=82.139x—160 757,
ISHS R*=0.993 8
=~ O
g = »=109.83x—215 200, y=44.406x—85 617
ﬁ % 2000 R*=0.9907 R=0.9823
AN = L
KE
B = 1000}
(5]
< L
0( 1 1 1 1
1960 1970 1980 1990 2000
EAy Year
B 7 B ERERESERNLELR

Fig. 7 Relationship between year and cumulative runoff in Weihe Basin
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Fig. 8 Relationship between year and cumulative precipitation in Weihe Basin
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Fig. 9 Relationship between year and cumulative potential evapotranspiration in Weihe Basin
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Table 3 Slopes of the linear relationships between year and cumulative runoff, potential

evapotranspiration and precipitation and their change ratios in Weihe Basin

Eiee WEZE R WK
Runoff Potential evapotranspiration Precipitation
I Be S/ A/ AL/ AL/
Periods (10“8 Ly, (108 m? . A E ) Y Se/ (mm » AL E ) Y Sp/ (mm » AR ) %
@n}) 4T Ratio  (mm 4 1) 4 D) Ratio  (mm« 4 1) 41 Ratio
Change Change Change
1960—1971 109. 83 - — 846. 25 — — 602. 21 — —
1972—1991 82. 14 —27.69 —25.21 825.03 —21.22 —2.51 564.93 —37.28 —6.19
1992—2005 44,41 —65.42 —59.57 872.32 27.07 3. 20 512.53 —89. 68 —14. 89
s — R A TR A B AR i S AR R 0,

3

Note:“—” means the change and ratio are 0 compared with the base period.

5.3 SEZEAMAXFINZREN M bR/ RN IAY = S O o 0 bR R S I S
KRB R AR B ITTBFEOR G Co BRI AR I B TTHRR Y Ce +Cr s N2
ZRMANLE SRR . BRI RE  ES R STk Rl Cy R ILE 4,
R4 SEEAMAXFIXNBARSEERETHHTEHE

Table 4 Contributions of climate change and human activities to the runoff change in Wehe Basin

i/ W78 & i /mm \

T L B v E=N

it Bt 108m? Potential ek it /mm Ce/% Co/% (Ce+Cp)/ % Cu/%

Periods . Precipitation
Runoff evapotranspiration

1960—1971 101. 15 851.78 585. 64 — — — —
1972—1991 77.58 831.52 558. 65 —9.96 24.55 14. 60 85. 40
1992—2005 49. 8 866. 1 519.08 5.37 25.00 30. 37 69. 63

20 22 70 AFACTE T L ST 1R S R REASE T BERYKOR R PR T L IR E A 1970s LIS . AR T 3l
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