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Table I Common hydrologic models of Wuding River Basin

KSR i Lvdy
Hydrologic model Runoff Sediment transport
58 1 Model 1 DW=4AY P, > 5=4> P,
7! 2 Model 2 W=AP, +B S=A4P +B

18 3 Model 3 w=4p? (P, /P, S=4p!(P,/P)

i 4 Model 4

e WARRFB, SR EHIE, P ARERKE: PRI (6
—9 H) FENE; Prg i 7—8 HFENE: Poofh 6 AR 9 HFENE: 4. B,
CHNBRBSH TR,

Note: W refers to simulated value of runoff; S refers to simulated value of
sediment transport; P, refers to the annual precipitation; Py refers to precipitation
during flood season; P refers to precipitation from July to August; P9 refers
to precipitation in June and September; 4, B and C refer to the model parameters;
the same below.
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Table 2 Benefit of runoff and sediment reduction of water and
soil conservation measures in Wuding River Basin

[ , it Wi BERAT
ﬁ&ﬁ.ﬁ_ I 48 B H J\_M( *EFE 3t ESE= ]:E
. Afforest Grass Dam  Blockading
Benefit Period Terrace . .. .
-ation  -land land administration
1970—1979 299 132 99 1500 115
K
Runoff  1980—1989 318 140 105 1500 123
reduction o
/(m3-hm'2) 1990—1999 305 135 101 1500 118
2000—2010 340 150 120 1800 135
1970—1979 117 47 32 — 32
Ry
Sediment 1980—1989 121 48 33 — 33
reduction - _
/thm?) 1990—1999 117 46 32 32
2000—2010 130 50 40 — 40
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Fig.2 Interannual variation curve of hydrological factors in

Wuding River Basin

R3 EEMREKCESZ MK KIS Pettitt 1T HLER
Table 3 Mann-Kendall test and Pettitt test result of hydrological
factors in Wuding River Basin

Mann-Kendall % Pettitt #:56

KR Mann-Kendall test Pettitt test
Hydrological . - BT SAREN
factors 718 e e Ul ;z%l‘ft K R
L ignificance ~ Mutated
Z value Significance level U value
level year
5
AR gag 0.852
Precipitation
TEZE R
Potential ~ —6.34 <0.001%** 624 <0.001%** 1982
evaporation
SANE
Fi -6.18 <0.001%** 551 <0.001*** 1971
Runoff
b
Sediment ~ —4.58 <0.001%** 475 <0.001%** 1971
transport

T Zo U HFOR MK RS, Pettitt B RS THE; *xy 99.9% B KT.
Note: Z and U value represent Mann-Kendall test and Pettitt test statistics
respectively. *** is 99.9% confidence level.

R4 REFAKCERBESEERERIMIE

Table 4 Formula and parameters of hydrological method model in

Wuding River Basin
KICEE KSR SHEE g
Hydrological Hydrologic Calibration parameter Evaluation index
factors model A B C NSE RE
1 0.035 8 — — 0278  0.120
&R A 2 0.020 1 6.96 — 0.804  0.065
Runoff A 3 0.648 0522  -0.596 0.791  0.066
1A 4 1.22 -0.425 0.152  0.812  0.061
R 1 0.005 15 — — 0438  0.348
w5l
*W} B 2 0.006 66  —0.672 — 0453 0324
Sediment g7
transport HOH3 0000141 1.60 -1.08 0437  0.308
A4 0.0000879  1.65 0.804 0758  0.163
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Table 5 Attributional analysis of variation of annual runoff and sediment transport in Wuding River Basin %
A A K E 3
Jrik FaPR LR Climate change Human activity
Method e Bk HR s g ek me SONER
Precipitation ~ Evaporation Check dam  Terrace  Afforestation Grassland a dm(;l‘i]i(sif:lg% 0 Irrigation
MR 12 1 18.8 81.2
Double cumulative curve method AP 113 88.7
K e 14.4 — 85.6
Hydrological method avb 26.5 735
b R H: 7R 10.5 2.7 86.8
Elastic coefficient method AR 0.8 71 92.1
IKARE e 51.6 — 4.0 44 12.5 1.7 0.3 25.5
Soil and water conservation method b 28.9 433 6.8 17.1 23 04 12
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Fig.3 Comparative analysis of different methods of runoff and sediment change in Wuding River Basin
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Attributional comparative analysis of runoff and sediment change in

typical basin of Loess Plateau
Jiang Kaixin'?, Yu Kunxia'**, Cao Wenhong?, Zhang Xiaoming®, Li Peng’?, Sun Qian'?, Liu Yu'*

(1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China, Xi’an University of Technology, Xi’an 710048, China;
2. Key Laboratory of National Forestry Administration on Ecological Hydrology and Disaster Prevention in Arid Regions, Xi’an
University of Technology, Xi’an 710048, China; 3. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin,
China Institute of Water Resources and Hydropower Research, Beijing 100048, China)

Abstract: In recent decades, the runoff and sediment of the Yellow River middle reaches located in the Loess Plateau have
changed significantly. Many scholars have carried out a lot of researches on the Wuding River, a typical basin of the Loess
Plateau, but these researches are focused on the breakthrough of methods and ignore the comparative analysis among methods.
This study compared the difference of four methods, i.e., double cumulative curve method, hydrological method, elastic
coefficient method and soil and water conservation method, to conduct attributional comparative analysis of runoff and
sediment change in the Wuding River Basin from 1957 to 2010. Both double cumulative curve method and hydrological
method separate the influence of climate change and human activity by substituting the precipitation data in the research period
into the precipitation-runoff and precipitation-sediment transport relationships established in the reference period, and the
hydrological method takes into account the annual distribution of precipitation. The elastic coefficient method generates runoff
and sediment elasticities to quantify the effects of climate change and human activities. The soil and water conservation
method refers to determining the runoff and sediment reduction indicators of each measure under different conditions and
periods in different geomorphic areas. The results of trend and change point analysis showed that the annual precipitation in
the Wuding River Basin has not changed significantly. The annual potential evaporation, annual runoff and annual sediment
transport decreased significantly and the year of change point was 1982, 1971 and 1971, respectively. The attributional
comparative analysis of runoff showed that the results of hydrological method were close to those of elastic coefficient method,
and the contribution rate of human activities of soil and water conservation method was relatively small, and the attributional
comparative analysis of sediment transport showed that the results of soil and water conservation method were consistent with
those of the other three methods. Attribution analysis results indicated human activities were the dominant factor of runoff and
sediment change in the basin, and their effects on runoff and sediment change were increasing year by year. Among different
human activities, irrigation water diversion and afforestation played a leading role in runoff change, and check dam and
afforestation played a leading role in sediment transport change. The full up or failure of check dam built in the 1970s and
1980s would largely weaken the runoff and sediment reduction benefits of water conservancy and soil conservation measures
in the short term. In the long term, the impact of ecological construction, such as returning cultivated land to forestland or
grassland, on runoff and sediment transport will gradually play a major role. Therefore, in the future, the governance of the
Wuding River Basin should continue to implement the policy of conversion of cropland to forest and grassland, and strengthen
the layout optimization and post-maintenance of engineering measures such as check dam.

Keywords: runoff; watershed; sediment transport; Loess Plateau; Wuding River basin; attributional comparative analysis
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