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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
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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.1 Study area location in Jiangxi and the 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

FHOEE HE H €S B 4F
Eigenvalue Spring Summer Autumn Winter Year
[ 7K 4 Precipitation ZAEF- 4 H/ mm 564.6 589.7 199.3 206.7 1560.3
B AR LB % 36.2 37.8 12.8 13.2 —
TERFEC, 0.28 0.35 0.43 0.33 0.19
IR Runoff depth ZAEF- 4 {H/ mm 346.6 317.5 30.5 53.7 748.4
2T AR LA % 46.3 42.4 4.1 7.2 —
BRFEC, 0.48 0.66 1.58 0.91 0.40
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Fig.5 Relationships between year and cumulative quantities of annual precipitation, runoff depth and ET
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Fig.6 Relationships between year and cumulative quantities of seasonal precipitation, runoff depth and ET
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Table 2 Slope change ratios of relationships between year and cumulative precipitation, runoff depth on different time scales

R BRI FEATEALXT R HR
X Cumulative precipitation Cumulative runoff depth B Y TR
s ] )RE i} Bt Contribution rate of
Time scale Period By ARk AR (LR AR b AR L% precipitation variation
;l - Variation/ Variation RS Slope Variation/ Variation to runoff depth
>ope (mm/a) rate/ % (mm/a) rate/ % reduction/ %
47 Spring FEAE 578.09 -67.39 -11.66 364.46 -83.50 -22.91 50.88
pring
Ak 510.70 280.96
B 7% Summer FLAEH 638.00 -73.93 -11.59 377.77 -102.76 -27.20 42.60
Ak 564.07 275.01
#ZE Autumn eI 178.87 5.32 2.97 26.20 -7.50 -28.63 -10.39
Ak 184.19 18.70
&7 Winter eI 209.69 2.94 1.40 62.81 -26.82 -42.70 -3.28
Ak 212.63 35.99
4E Year FL 1604.70 -133.1 -8.29 831.23 -220.56 -26.53 31.26
Ak 1471.60 610.67

IR 3 A1 AR TS HE R, DGR R AE 0 NUE B A4 U B 28 O a3 X bR T %X
ESANEE AULL] WSS PN IR SR i< R e S S A NI S = e NS S e & NI 7 QN S A SR U R Y 27
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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

R L Y HBEIR REBOEERR
Cumulative evapotranspiration Cumulative runoff depth W2 TR R
s Ji] R BE A} B Contribution rate of
Time scale Period o A5 AR fp 2R AR A fp 2R evapotranspiration
Slope Variation/ Variation 1% Slope Variation/ Variation t‘{ l;llm,of-f depth
(mm/a) rate/ % (mm/a) rate/ % reduction/ %
7 Spring FEAE 213.64 16.10 7.54 364.46 -83.50 -22.91 32.89
AL 229.74 280.96
H 2 Summer FEAE 260.24 28.82 11.07 377.77 -102.76 -27.20 40.71
AL 289.06 275.01
#Z Autumn FEAE 152.67 12.82 8.40 26.20 -7.50 -28.63 29.33
AL 165.49 18.70
225 Winter FEAE 146.88 29.75 20.25 62.81 -26.82 -42.70 47.43
AL 176.63 35.99
4 Year FEIE] 773.42 87.51 -11.31 831.23 -220.56 -26.53 42.64
AL 860.93 610.67

3.3.3  HIBR A XA I ERIE A 1Y TR R A AT

FEAR TR R R BRI AR AZE A, A KR | I E K B A A /N R R 7K S
AR, BIEE KR AR TR BOURME K =P A S AR AR IR AR R BTk R €= 1- C -
C it

ZRE LR/ E KA SRR X 2 TG 1 SRR 30 16.23% 16.69% .81.06% Fl1 55.85% ,
AT AN ) 255 AR 2R T TR0 1) BTRR AN ), 78 R AR X /b i Bk L 4 2 R VK 2 1) sk 3 KT
MoK R AKRE B3, BOCES P T LT a5 R, 2Rk /b, H AR MO8 T #E 7K 43
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195 TR BRI B A AR R GE N, 3D T R SR 0477 £, DRI T 572 2 AR AR X A 0 T 0 114 BT ik
BRTWE, XHEAERTHREIR—2,

AR RUEE I MR B X AR T TR [ TR 26.10% o 7T, TCie S 28 1 RUBE IR AR RUBE | 322 wvilil /N
SRR S I BN AR AT, ELIR R ROBEASTR], DTk AN o), BRZE B 0 B 90 SR | B AR
SR AT, AR AR S el 2R SCHR AR (I ST SR I AR B AR D S A DA . AR SR B
PR XA DRI B TTRR A E T WF T4 R S R A8 U E VR S A — 2L
3.3.4  HRERIN T XA 19 STRCR 2R 5 B

AN TRV ] JUBE L, A% S0 R X AR i DR D B ST RR R P L 4, m, 0 UK B R R B K AR
PRI 2 T RK & AR R 1 RN RO, B AR A5 Y R AR VL B A 5 3
WY, T A0 AL X 214 2 i R R 7 S A T 522, AR Sl x4 S M U B R 2t IR IR AR SR T
ZAT RUEE L AR X AR 7 A ) e 877 25 R i XA 7 2 3 1 s DX 20, 3ot 32 nfrdfil /N D A [ 2 3 AR
PRIZ XS A2 SRR 22 IR S AR SCHE 1 RO BT 45 SR 5 ik ~a 8 e Pl — 2

SERUEE B 2 R HION AR BRI B TTHR AN 42.64% , KT KA A R MPERT, BIAR RUEE |28 & 1K
XA R o1 32 5 AL, 33655 8 i D450 1) 28 A HBORE: AR PR A 25 2R 8 I K G A1 B v e 2 2 1 i ) X — F 5
ghe—2,

R4 KT FRMMERREEREREDHTERE

Table 4 Contribution rate of each factor to reduction of runoff depth
A S PR R A T R (1 TR

i EDN S Contribution rate of each influencing factor to reduction of runoff depth
Time scale Rk A2 1k KM FEIRIL
Precipitation variation( Cp ) Evapotranspiration( Cy, ) Vegetation restoration(Cy =1- Cp— Cy)

# 28 Spring 50.88% 32.89% 16.23%

K7 Summer 42.60% 40.71% 16.69%

#ZE Autumn -10.39% 29.33% 81.06%

A% Winter ~3.28% 47.43% 55.85%

A Year 31.26% 42.64% 26.10%

4 Hig5itig

(1) Mann-Kendall #5572 (9 73 7 45 58 k7 | 322 i /)N it 3l o /K 55 8 D 22 sl /N e 3 ) e — 305 748 450
2003 4F-, 1983—2003 4F- (FEHEW]) BYAERFK & AR 510 1608.2 .831.9 mm,2004—2014 4 (AR 4L (1)
SRR KR AR ST N 1468.9 .588.9 mm,, ARXF TR, AR fb I A0 41 F K R AR AR IR S BE L 8.7% |
29.2% AEV- 340 DR EE S i 12.7 22,1 mm,,

(2) A RUEE b AE X T L eI, B /K A8 Ak | 78 J HBORITVRS B K 520 0 4% 3 TR 0 20 1) B ik 2% 53 31l R 31.26%
42.64%F1 26.10% , Horp | 78 K B STk R SRR IR 1 2R, HYORRK AR R R 2 X A 3
GRS/ B ST R /N, EAE RS W 258 YR BV 3 S0 e 45 5 o ] VT | ke AR AR AR VT VT e )
FEAEIRSAR B, 5 R AR i TR A 0 BRI s S S5 R AR K 2 S, U LA
A, W oT gl AR, X AT e U B R Ak FRAREE R A58 T R SR AN R A %,

(3) ZT5 RUBEE b AT T 3, AR AR A Bk A& R AR T IR 43 0 98/ 100.2,105.8 ,13.7 mm FlI
23.4mm, FHoAv FEK AR AL 8 TRk R 2 51 R 50.88% 42.60% .~ 10.39% - 3.28% , 7& & BLHY BTk R4 5N
32.89% .40.71% .29.33%H1 47.43% AH ALK 1 BTRK %50 514 16.23% .16.69% 81.06% i1 55.85% , WA, %
KRR TR AB AT A TRGR I A (9 BT R R e K, 28 R R 2 AE MK Fe/ N, TR A& ZEAE R 02 X6 A58 A TR sk 2 1)
TR IR, 28 R BOR 2, B K ARk i/, AT, 2R [R] K AR b 28 e BIORTARL Bk 52 % 458 D TRl 20 1 i ik
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REAMNE, B EZERKFEN, AR R K AR A B TE 5 Bk A2 B KR R 7 iR BE X /N AR S %)
PRV AT B AR B DU R AR SRR R R TRk AT TR & AR K A2 1 DTk K T
F HE, B2 K AFHRIBORRE A B 5T T 29.33%—47.43% 2 18], 28 A BRI 09 52 Wi
SEANE B,

BRI BRL A B RE 17K, TR S 73BT, AR SC AR AR K 200 A8 TR TR Dl 2 1) T iR 4 2 il o K
P A AORAT SO E P L T R R AR SR H A D SR AR AR, AT RE S S PR R A 22 5. SR
ATFHE—LIRAIT
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