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Runoff changes and their attributions in a small watershed during different

time scales

YE Jingping' > LIU Zheng' > OUYANG Lei' > SHENG Fei' > LIU Shiyu' *"

1 School of Land Resources and Environment Jiangxi Agricultural University Nanchang 330045 China
2 Key Laboratory of Poyang Lake Watershed Agricultural Resources and Ecology of Jiangxi Province Nanchang 330045 China

Abstract: Studying runoff change and its causes is an important scientific issue in forest hydrology. Presently most
studies have quantitatively analyzed the contribution rate of runoff change and its influencing factors based on annual scales

whereas few studies have been conducted on seasonal scales. Therefore the attribution analysis of runoff change on a
seasonal scale needs further study. Based on the daily precipitation evapotranspiration and runoff from 1983—2014 in
Pengchongjian a small watershed a Mann-Kendall test method was applied to analyze the abrupt point of annual
precipitation and runoff. Ultimately the slope change ratio of accumulative quantities ( SCRAQ) method was used to
separate the contribution rates of precipitation evapotranspiration and vegetation restoration between annual and seasonal
runoff. The results indicated that: a consistent abrupt point of year 2003 was found both for annual precipitation and runoff;
the results from the SCRAQ method suggested that in both season and annual scales the decreasing runoff depth could be
ascribed to variations of precipitation evapotranspiration and vegetation restoration. Specifically precipitation explained
50.88% 42.60% -10.39% -3.28% and 31.26% evapotranspiration explained 32.89% 40.71% 29.33% 47.43%

and 42.64% and vegetation explained 16.23% 16.69% 81.06% 55.85% and 26.10% of the decreasing mean runoff

(31460222)
12018-05-21; 12019-04-01
* Corresponding author. E-mail: 397013250@ qq.com

http: //www.ecologica.cn



12 : 4479

depth in the spring summer autumn winter and whole year respectively. We concluded that precipitation and
evapotranspiration were the key factors regulating the runoff variation in spring and summer vegetation restoration played a
major role affecting runoff variation in autumn and winter and evapotranspiration contributed the most on an annual scale.
This study revealed runoff changes and the main driving factors at different time scales in the Pengchongjian watershed over

the past 30 years; thus provided a scientific basis for the basin rational allocation and management of water resources.

Key Words: precipitation variation; evapotranspiration; vegetation restoration; slope change ratio of accumulative quantity

( SCRAQ) ; Pengchongjian small watershed
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Fig.2 Inter-annual variation of precipitation and its Mann-Kendall results in Pengchongjian small watershed in 1983—2014
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Fig.3 Inter-annual variation of runoff depth and its Mann-Kendall results in Pengchongjian small watershed in 1983—2014
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Table 1 Seasonal and yearly distribution of precipitation and runoff depth in Pengchongjian small watershed
Eigenvalue Spring Summer Autumn Winter Year
Precipitation /mm 564.6 589.7 199.3 206.7 1560.3
1% 36.2 37.8 12.8 13.2 —
C, 0.28 0.35 0.43 0.33 0.19
Runoff depth /mm 346.6 317.5 30.5 53.7 748.4
1% 46.3 42.4 4.1 7.2 —
C 0.48 0.66 1.58 0.91 0.40
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Table 2 Slope change ratios of relationships between year and cumulative precipitation runoff depth on different time scales

Cumulative precipitation

Cumulative runoff depth

Contribution rate of

Time scale Period precipitation variation
Slope Variation/ Variation Slope Variation/ Variation to zunf)f.f dez)th
( mm/a) rate/ % ( mm/a) rate/ % reduction/%

Spring 578.09 -67.39 -11.66 364.46 -83.50 -22.91 50.88
510.70 280.96

Summer 638.00 -73.93 -11.59 371.77 -102.76 -27.20 42.60
564.07 275.01

Autumn 178.87 5.32 2.97 26.20 -7.50 -28.63 -10.39
184.19 18.70

Winter 209.69 2.94 1.40 62.81 -26.82 -42.70 -3.28
212.63 35.99

Year 1604.70 -133.1 -8.29 831.23 -220.56 -26.53 31.26
1471.60 610.67
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Fig.7 Annual average Temperature and Evapotranspiration trend of Pengchongjian small watershed from 1983 to 2014
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Table 3 Slope change ratios of relationships between year and cumulative evapotranspiration runoff depth on different time scales

Cumulative evapotranspiration

Cumulative runoff depth

Contribution rate of

Time scale Period evapotranspiration
Slope Variation/ Variation Slope Variation/ Variation to runoi:f depth
( mm/a) rate/ % ( mm/a) rate/ % reduction /%
Spring 213.64 16.10 7.54 364.46 -83.50 -22.91 32.89
229.74 280.96
Summer 260.24 28.82 11.07 377.77 -102.76 -27.20 40.71
289.06 275.01
Autumn 152.67 12.82 8.40 26.20 -7.50 -28.63 29.33
165.49 18.70
Winter 146.88 29.75 20.25 62.81 -26.82 -42.70 47.43
176.63 35.99
Year 773.42 87.51 -11.31 831.23 -220.56 -26.53 42.64
860.93 610.67
3.33
C,=1- Cp-
c, .
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Table 4 Contribution rate of each factor to reduction of runoff depth
Contribution rate of each influencing factor to reduction of runoff depth
Time scale
Precipitation variation( Cp) Evapotranspiration( Cp) Vegetation restoration( Cy =1- C,— Cy)
Spring 50.88% 32.89% 16.23%
Summer 42.60% 40.71% 16.69%
Autumn -10.39% 29.33% 81.06%
Winter -3.28% 47.43% 55.85%
Year 31.26% 42.64% 26.10%
4

( 1) Mann—Kendall

2003 . 1983—2003 ) . 1608.2.831.9 mm 2004—2014  ( )
. 1468.9.588.9 mm. . 8.7%.

29.2% 12.7.22.1 mm.

(2) . 31.26%
42.64%  26.10% .

. Wu * . . . »
3 ~ 37 o

(3) N 100.2+105.8+13.7 mm
23.4mm. 50.88%.42.60% - 10.39% —-3.28%
32.89%.40.71%.29.33%  47.43% 16.23%.16.69%81.06%  55.85% .
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