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Runoff changes and attribution analysis in tributaries of different geomorphic

regions in Wuding River basin
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Abstract: In this study, the runoff changes and their attribution from 1960 to 2012 for Wuding River basin and its two
tributaries, Hailiutu River in the wind-sand region and Dali River in the Loess hilly region, were analyzed. The future
trends in runoff changes in the three rivers were also predicted. The results revealed that runoff of the Wuding River,
Hailiutu River, and Dali rivers decreased significantly during the period of 1960 to 2012, although the annual rainfall in the
three river basins did not change significantly during this period. The annual evapotranspiration of the Wuding River and
Hailiu River was nearly constant, while the annual evapotranspiration of Dali River has increased significantly since the late
1990s. Abrupt change points of runoff were detected in 1979 and 1996 of Wuding River, 1971 and 1990 of Hailiutu River,
and 1971 of Dali Rive, respectively. Human activities accounted for approximately 50% of the runoff reduction in Dali River
from 1972 to 2012 and 44.4% in Hailiutu River from 1972 to 1990, 82.4% from 1991 to 2012, respectively. In the future,

the annual runoff of the Wuding River and its two tributaries, Dalihe River and Hailiutu River would continue to decline.
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Attribution analysis revealed that large—scale soil and water conservation measures are the main reasons for sediment and
runoff reduction in Dali River. The water conservancy projects’ constructions and farmland irrigation are the main reasons for
runoff reduction in Hailiutu River. Therefore, it is necessary to optimize the existing vegetation pattern to reduce
evapotranspiration and decelerate the decrease rate of runoff in the Dali River basin. In the Hailiutu River basin, it is
necessary to conduct “Grain to Green” , to control the irrigation area of farmland, improve the efficiency of irrigation water,

and reduce the amount of used irrigation water, at the same time to increase the water conservation capacity as well.

Key Words: runoff changes; attribution analysis; different geomorphic region; measures for soil and water conservation
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MIGETHE Z (A P AER VAL S, Y Z KT 0 Fmiz/p ol BB, 2 /NF 0 Fom 75 2 s
FEaE T P KT 0.05 FRoRZTHIE e E 80 3, 1 P-value /N P EZR7R BN sl #0094 0 2
AR CHET MK RG34 AR K IR Z8HIUR FARAR i i i A8 Tl i 3
212 Ak EIE R

Se—BHEPE X (1) B N AU, A ZE BN A 390 38R A A 22 5 RAS 5 53 0 -3 2 50 R e, (6)
o, (i) BebRUEZE DR s, (i) Fls,(i) U A I 2E S, (i) AIRR N .
sD=((N'_”sl +(N2‘1)52j2.(1+1)2 (1)
N, +N, -2 N, N,
K, Ny N, ERR @ S A SRS SR T BRI GETHE TG A | A ER 25
T(i) = ’LL‘(l)S_’MZ(L) (2)

http ; //www.ecologica.cn



4 JAE = 39 %

Ao, TERER, WA RIZ s 22 WA )P 5 ) 25 Sk A i 3158 7o) ThEec KMl T, TS B Ge it 25 1
P(T,,.) ,HIHEALT .
P(t,,) = {1 =1cp 1 (8,8)} (3)

SR RIS, =4.19InN - 11.54 H 8§ =0.40, Ho N ERFIINEKE, =N -2, 1 (a,b) BN
SRRREL, T E —NIEAME P, ( P, PTEL05—0.95) 24 P(T,,. = P,) , WIAEZ S ALK I 7 51 43 B A 4
P 22 SR I TF IR I, S WA TEAT4rE] . KPR A T 5 AW A7 R0 HE UL L 3E, H8 77
IR BE/NT 1y (L, BEBUE IR R /INT 25 ) B 45 1k X Heay s
2.1.3 RHIAERE

BE I AR E K AR L Z I AT, 35T Choudhury—Yang 23 2T K G &S 7 #1202 1) s
FRBOAG T AR AR A A B K RS Y AE ZE ORI A T TR AL AR SR B s
2.1.4  FEAREEWZE T

Hurst F880%—FpE ) P81 B9 G030k ml LA R A2 B R A PP A (R Rtk . AR S5 Ry « 6 — A isf ]
PO X, ,t=1,2,,no X TAERIEREH r=1, W&~ DMEFI] < X >,  HEREE Y(e,r) WEKEA
EH .

<X>7:ii Xt’Tzlyzy'“n (4)
T (=1
Y(t,r):i(X(u)— <X>),l<si=<r (5)
Hurst & BLFHAREZE S BRI 22 R 7 — DM R e R,
R(7) _ H
sry (o7 (6)

KB, o NEEH 9 Hurst 3850, 0P TR H, ERE FPAA AR . 4 H=0.5 i), RV F51E5E
SIS BRP IR — AR ;2 0<H<0.5 I, B AR AR B 53 LA, ISRt /O fE
TG 0, S AFEEEGR ; S 2, 1= H>0.5 I, RERE R R MR B 5 0 25— B0, BIr 2t H BRI 1, 422:0%
5%, Hurst 5 BCREAR 45 1 75 H I 1) P 97) 4 S P B IR S R 9 R/, 1 G BLAS T Hurst 48 800 R+
SRR S LR AT R 5 (K1) P,

#1 Hurst IEHHRE

Table 1 Classification of Hurst index

TR H FRg e TR R H RAFS MR
Hurst index Persistence strength Hurst index Anti-persistence strength
0.50<H<0.55 1R55 0.45<H<0.50 AR5
0.55<H<0.65 LR 0.35<H<0.45 LHES]
0.65<H<0.75 B 0.25<H<0.35 L
0.75<H<0.80 5 0.20<H<0.25 R
0.80<H<1.00 R5R 0.00<H<0.20 R
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Table 2 Mann-Kendall test of annual precipitation, potential evaporation and runoff in the Wuding River, Dali River and Hailiutu River

during 1960—2012

ik [%7K it Annual precipitation ZEHIE Potential evaporation 123t & Runoff
Ui
Basin z P z P z P
ToAE 0.56 0.57 1.76 0.08 -7.03 0.00
peit] 0.35 0.73 3.21 0.00 -2.97 0.00
Ge AT 0.73 0.47 0.10 0.92 -5.04 0.00
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Fig.2 Changes of annual precipitation, potential evaporation and runoff in the Wuding River, Dali River and Hailiutu River during

1960—2012
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% 3 Attribution of runoff change in the Wuding River, Dali River and Hailiutu River during 1960—2012
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BRI - é\;%{ﬁbi?ﬁﬁj; Comribuﬁjf;{fijn\jz change
2k B [ESRTREN Ak ontribul 10_“_0 KB Ery.
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depth/mm mm
H/mm R/ % fit/mm /% fi/mm /%
Amount Percentage Amount Percentage Amount Percentage
JoEm 1960—1979 47.8
1980—1996 33.2 14.6 9.7 66.8 4.4 30.3 0.4 2.8
1997—2012 25.6 222 21.7 98.2 -1.7 =77 2.1 9.5
KRHEE 1960—1971 46.5
1972—1990 32.9 13.6 6.6 48.6 6.5 47.9 0.5 0.04
1991—2012 31.8 14.7 7.6 51.7 3.2 21.8 3.9 29.0
W 1960—1971 4.4
1972—1990 3.5 0.9 0.4 44.4 0.3 33.3 0.2 22.2
1991—2012 2.7 1.7 1.4 82.4 0.0 0.0 0.4 17.6

1990 4FUk /> T 13.6 mm, 7F 1991—2012 4E38/0 T 14.7 mm , 4B R0 /0 B AH 258 K T EL SIS0 30
SEMA 3 A A28 I s 5 31 50% 224, AR 2 AN K5 {HR AR AL X 42 0 1 1 5
AV DX AR IR T B TRk 5 B 47.9% , 28 B AL TTERAS 2 1% 5 76 1991—2012 4 | [F/K Fnz€ & A8 Ak 4 i oimik 1
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Fig.3 Heuristic segmentation test of flow discharge in the Wuding River, Dali River and Hailiutu River during 1960—2012
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TCAE ] R B FE L A Tl it AR B K B ZE Al AR T P 91 B A DGR RS H R T 0.
5, kAL S i BRI —B(5R 4) 3 DURBEEREK S 8 3 i 3R 2 1 98 B2 AR5 555 5 JC R TR FTAR
G T D S I T B R e 38, R R BT 3 Bl 1) 2 R 1 4 1) R B PR A 5 T T
B Y Ul D e AR B B YA SR T T AR A s /D R B ) R S R T A T it A I e v e
FRELPERS (R 4) .

F4 KXKZEXREEFT Hurst 155

Table 4 Hurst Index of annual hydrological elements

Tk KRG MRS S 1 Fpgite

Basin Hydro-meteorological elements Hurst index Persistence

TaE WA 0.591 1 He i
O 0.565 IEFRFEEE

(b 0.755 EHREE

piT) Rk i 0.565 E
Fien 0.671 ERseik

12 i 0.609 RS

T e 6/ 0.567 I Hpgtk
ZETE 0.624 T ik

e 0.699 R
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M EERE . 550, T 1970s—1980s A48 1 19 Ui H 40142 B 75 Ay K8 43/ INTF 20 45, Bl U L 30 1)
U B ME R TR, S BRI B TR 1990s AR TRl Tt ZEAHE T RA8E0E 00T, AROFE 55K
e, PRI K S A K X B TR AR 3 D B BTRRE 26% 7, 2000s 4F T, 1R G AE B PR BB S
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Table 5 Areas of soil conservation measurements in Dali River basin during 1960—2012

AR T I it b it Gt

Times Terrace/hm? Forest/hm? Grassland/hm? Dam field/hm? Total/hm?
1960—1969 1655 11795 1214 581 15245
1970—1979 3886 19794 2688 1885 28253
1980—1989 7734 49802 5237 3098 65871
1990—1999 13826 76045 6065 3703 99639
2000—2002 19899 78530 4918 3857 107204

55 HT A EU , 457 R X AR U G T St dek K = S A, K AR AR AL | 3 N I G IR M 31 43
A ) o BRI T RS — R 2 A8 A R A TR 1971 4, N 836 sl X R I fe i) 1972—1990 4 A1l
1991—2012 4EF4™ I AR I I/ B TR 2800 o 44.4% F1 82.4% , HESE3T, i e il i bk H pir dA 10 B4
KAGKA TR, FE TR R, Hp 78 1970s 40 1990s 4B EEEE 4 A&, M 7E 1980s 4F-1X 1 2000s
SEAREA 1B (F 7)Y HUE RS EAE S T SR AR AR AL I BIAN 95 1971 A1 1990 A — K, R B I
PR3k B (R A P S A B B8 0 ] B 5 AR T A i BRI IN e MR ST AR i B AR 20008 ARG BT [0
T, H g B —J7 T 5 ek 2000s AR REK RGN, 2880 TR (I 2) 3 55— 7 5 SR B Mod 5
A TE FRT B, PRI T AR A G

TCRE AT 37 B S 3 A BT I U ST A8 i A AT R S il A i 3 sk SR IR R R 35 B ™R, 1
eI BN S p s v vk Ll APV I 25 e W 0 3 LN P B 7 S ) 2 YN 1 3 e 2w |V oy
PRI TR A T 1 A B T R A O TR LRI, P SR 1 /K TR S el 8, i 7K Ttk FH K ARl FH K RN A= 6
KGR AEER R, Herp e KB I B A AL BT A B A R, R & A R B B R R K
A ZE R RS D SRR BRI AR T T R AR DL SR T e Sl A Y s i A P T oA A it v A
LK TR BEAF O T S R AR (0 ) TR AR 9/ Do 0 FH 7K ] it v it dml K I 1ok 52 i
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Table 6 Numbers of check dams in three typical tributaries in Dali River basin
ﬁlﬁ whE A anm/ /NER/ A Toi;lyj/l\ Perc:rlffie/ %
1960—1969 20 41 124 185 28.4
1970—1979 56 152 362 570 87.6
1980—1989 71 156 393 620 95.2
1990—1999 77 157 411 645 99.1
2000—2010 78 157 416 651 100.0
R7 ERRTFEKR TR ER A
Table 7 Construction time of water conservancy projects and their application in Hailiutu River basin
Fre TRA A (] Fenl Wi
Number Name Construction time Type Application
1 5 g 1970 Tk T
2 GiEe) 1971 K LRI
3 Yo 1972 K T
4 s 1972 k30 THE B
5 R bit 1989 KN T
6 AEE 1992 K30 15 B
7 IEAN 1995 k3 TR
8 ESS O 1995 K 5 R
9 RR 1997 Kk TR
10 MR b 2008 K30 T

5 FEH®

ABFGE IR 1960—2012 4F- TG x T Ko HA [R] b A5 X33 S 38 Vg Y S o] A K BRI AR AR Yt fat 38 26 0 28 T B
R A HAE R AR AR RS A 22 5 Hod 47 T 8 -+ Fe b IX B KPR ) AR A2 i 7 1960s—1980s FF4E T R,
{HTE 1990s AEACAT Fr [E1 5, 20008 AEARFFRRT [ 5 1 IXUPD DX A T 3 S T AR AR 3 i 1 [ — ELHr 2 3] 1990s 4RAX,
T 2000s AEACA BT ITE VA R BRIATFIIEE i S i) 442 0 28 28 A 35t BRAE 1971 4F (R [R] M3 X A% O - e
BRI A BITARTR] 7R 8 - Fef X, R A 7K b AR5 B it , 2 A b 30 A 18 45 N 28906 3l 2 R BTl 42
SETE 1971 4F W33 000 EE 2 SRR 5 1 A XUV DX 3 ) 4 P S PR K 348 o2 5 | Y 3 A 4 it A8 Ak ) 32 22
o Hurst T8E0RBH | A4 0 ] It 358 A JHEA [7) i 550 IX S 3 VA3 7 S V) AR R BT AR A28 Ik B 4 8 T B
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