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Fig. I Location of the study area
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K SCEHE R R BEOK SCs S AR R ARRERBES K L REEERRREER
% ; *E ﬁz /Q ’]'»{j % }ﬂ UEI . ’ﬂﬁ ;FE ﬁ ?IEI:‘ i}é& Table 1 Accumulated areas of soil and water conservation measures

( ND V]) 5’5 %% ?E Hq ﬂ:i +%*E %ﬁ% o in Hekou-Longmen section in different years  (J7 hm’)
) o .
BE. WIEZEEOE (ET)) %] Numeri- gy i Mt b i
o . 1959 331 15.13 3.57 0.28
cal Terradynamic Simulation Group il 106 s s o o
AS ¥ » S, “ é‘ g [—] ’ ' ’ :
(G Eiﬁﬁ" BORAIRAE RIS o 1979 23.05 88.18 10.45 3.95
1.3 HRTTE 1989 34.48 198.62 21.15 5.63
1.3.1 Mann-Kendall 1996 48.60 253.73 24.08 6.82
% H4E 2 % Mann-Kendall (MK) 2006 49.26 277.11 59.05 7.11

A FSAG Y T W K A FIAR I ek 9 4F:
F2 R EEHE

Table 2 Key characteristics of the basin

A 1424 A pitp i (=g
2 3240 6.7 386.7 1.2 0.4 1268.4 52.16
o B 8706 7.9 389.5 4.9 0.8 934.9 133.2
TeE ] 30260 8.7 409.1 10.8 0.4 1565.7 180.3
ik 7725 9.5 475.9 3.0 0.4 2404.8 424.1

VE: MBI A, ARG RS AR 2015 AR i R
®3I KNXKKEHE

Table 3 Information of hydrology and meteorology
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v (R AR A

IR TBK SO S INAR It 7K SCHS T T /K SCAF S FEEEHIKSC 1 1960—2015 4EA2 T £t
wKAZ RS (YRCC) K SCEE 4
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(NDVT) MODIS MOD16A2 2000—20154E, 4}¥E% 500 mx5 km
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1 X, >X;
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- 18

Var(S) (3)

bR SE 5 -
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TR X [B] YA BB T8 1960—2015 4R RoK 8 . AR i AV e 28 Bl I AR PR An fh ka4 n
B2 fs . SRT . SR . JCRE IR E] ek 20 th 20 60 AFAR KA XS F2ili, YAk 5
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Fig. 2 Annual changes in precipitation, runoff depth and potential evapotranspiration in each basin
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*4 MKRESIT=E
Table 4 MK statistics

- F%ﬂ(i AR e ZE LR
e

Z S VA S Z S
EXiEpl| -0.28" -0.23 -5.16" -0.88 -1.46 -1.13
tiiet) -0.01™ -0.01 -5.96" -1.34 -0.36" -0.27
JorE 0.01™ 0.01 -6.52" -0.44 0.25™ 0.11
FLy] 0.49™ 0.32 -3.14" -0.30 1.60" 1.35

H: ZAMKKERS R SRR ARECR, " A iFRIEE]0.01, 0.05 9 BEMEKF, nsFRAA L E
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Fig. 3 Relationship between the cumulative precipitation and cumulative runoff in the four main tributaries
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R5 BEREAISEEZTUESE

Table 5 Percentage changes in hydrologic and meteorological variables in each basin (%)
S K AL R WHEZERUEAL TFHRRREIE S EEL
P1~P2I5H] PI~P3IfH]  PI~P2ifM] PI~P3 Mty P1~P2IHY] PI~P3MH]  P1~P2Mf] P1~P3 iy
SLEI -8.4 -5.9 -37.6 -80.9 -7.0 -4.5 17.6 92.3
e B IRT -6.9 -2.5 -33.6 -72.6 3.2 -1.2 14.7 69.0
JCE] -12.4 22 -27.9 -41.9 -0.9 1.1 2.6 18.0
faam) -2.7 2.5 -8.9 -33.1 1.1 53 0.9 13.2

80.9%. 72.6%. 41.9%. 33.1%. F P2 . P3 A IR K AR A4S fkn] i1, P3 A
MK BEEAFERRAN ESHE, SRBIEERBERZE TR, JCH 2T
JI e BT S AR 2K U AE P2 I . P3 IR B s ke H P2 B B E D 7.0%
3.2%; P3IBTHAS I 4.5% . 1.2%; REHPMIERI LI P2 Bf 1A . P3 B HASS S 0 ik 4,
SREIN 1 1% . 5.3% £ T ERHESECE P2 BT . P3 BTSSRI TR
P30 RS, AR KRB IMR R S )1 . B, Joeil . e, DLk
W R, oK S5 A8 s ERsa s/ b EER R, HHPIBHIR, NG
T 2 T 4R o5 % S A
2.3 SETAIAEF I ZRTHRTE

REIK . TETEZEHCE N A ZTE S AR T AL R i A vk R BRI, AR i = ARk
HEKERIFAG, SBAERBGRM T ROSEENMC (£6). opZiullh1.87~
3.68, FREAREAKEIGIN 19K S BUR I 1.87%~3.68%; eET LG FI1E-2.68~ —0.87
Z I8, FW ETHN 1% S BH R AL 0.87%~2.68%; e ALTG FI7E-4.07~ —1.88 Z [,
TR RIS B IN 1% S B2 580 1.88%~4.07%., H1 P1IHHAE] P2 Y . P3 A,
2 PR R B A R, PR e X HER, HI P3 I BV AR S B0 7 B
FE AR A R 7 F e 2

F6 STEWHRN

Table 6 Elasticity coefficients for each variable

ok &p eET, o)
PIHH  P2HfH  P3miH PIHSH  P2HfH  P3miH PIHSH  P2HSH  P3mHY
S 2.23 2.52 3.68 -1.23 -1.52 -2.68 -2.32 -2.73 -4.07
o B 1.87 2.07 2.73 -0.87 -1.07 -1.73 -1.88 -2.20 -2.97
TeE ] 232 2.40 2.65 -1.32 -1.40 -1.65 -2.36 -2.63 -2.83
JIR0) 2.85 2.87 3.20 -1.85 -1.87 -2.20 -2.46 -2.54 -2.85

SAEAR AN IEIE SR AR A ) DTRRR UL AN ] 4, 45 U B ] Bsf 3945 A48 % A8 3t
AR RSN TR, SRS | AR AR LB TTRCRTE P1~P2 . P1~P3 I I 3%
Wl NSH Hr R R R A, TR 64% 5 13% 5 FETRN IO S TR 72
R AR P B ey, P1~P3 BT 7 25 0 X AR i A2 A 52 o 16% . A 2895
SR AR A S 0 AN [B) 76 TR A0, P3 I 2 80% A A7 . Hivh, TR A A
TEBIDTERE K, 55 88%; IETIRIN DT/, J71%. 8 4 5 R B AR L5
FELAG, T HEPROUAR LA s A i A ) E N, BN R AR
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AN

NN
R

SN

RN
.@&\ ~
NN

TR/

R

AT T RS FEAT R Y TR Ssoo SR JoaetLd oo
P2~P3 W], EEII. AERH . JoEWM 02r ' 0,16
ST AR o AR B I (3RT), EXAT mﬁﬁ;ﬁm A

BN T 28.8% . 138.8% . 22.8% . 10.4%;
LI RGP SR S R TR, A 4 ARSI OB AR
‘{}ﬁl/l\ T 1.6%H110.4% , jﬁ%{ﬂ*ﬂ@(ﬂ‘(ﬁﬁﬁ*ﬁﬁ Fig. 4 Percentage of contribution rate of each variable
S, GBI T 31967 10.5%. PR3 PR AR, S | RIEFRTRE
S I 17975, TS B 3 KT RO =, e T
2y21%., R X AN AS IR A SIS 1 40% , HoAb ik
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Table 7 Changes in forest and grassland area in each basin

il it AT A km? FH I B Ukm? FEBE /% Aveg
S ) 151.0 2477.3 24.5 13.32
P3 194.5 24372 2.1 34.62
i B Y] P2 441.6 6339.0 26.3 12.10
P3 1054.7 5679.8 43.8 33.17
JCET P2 925.5 15728.1 25.1 18.86
P3 1136.1 16210.0 42.1 33.05
SETA] P2 1403.9 3961.0 43.2 6.56
P3 1549.5 4694.1 64.8 40.04

T Aveg ZRAB PR B AR TR K TTRRAS
3 ghip e

3.1 it

AR 3 BT e DX ) U 4% LR S I L R AT L e L EV R ST IX, kT
ME ARG | BT —F2 S AR 2R 20T 45 T4k 1960—2015 4R [ K i . AR IR I 7E 25 L
ARG RATFAE . HET Budyko KV, AL/ AR (L A ZETE x40
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FELELUT
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The trend of runoff change and its attribution in the
middle reaches of the Yellow River

NING Yi-nan"’, YANG Xiao-nan’, SUN Wen-yi"*, MU Xing-min"*,
GAO Peng"*, ZHAO Guang-ju**, SONG Xiao-yan’
(1. Institute of Soil and Water Conservation, CAS and Ministry of Water Resources, Yangling 712100, Shaanxi,
China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;

3. Mountain Areas Research Institute of Hebei Province, Agricultural University of Hebei, Baoding 071001,
Hebei, China; 4. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest
A&F University, Yangling 712100, Shaanxi, China; 5. College of Water Resources and Architectural
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Abstract: Changes in the water and sediments of the Yellow River are associated with
ecosystem security and quality development throughout the basin. It is of great significance to
quantify the contribution of climate change and human activities to the reduction of runoff in
order to analyze the causes of water and sediment changes in the Yellow River. Due to different
research scales and research methods, the factors and influence degree of runoff variation vary
greatly. Therefore, based on the same time scale, this paper uses MK trend test and Double
Mass Curve method to systematically analyze the changing trend of hydrological elements in
four typical basins (Huangfuchuan, Kuye River, Wuding River and Yanhe River) in the middle
reaches of the Yellow River from 1960 to 2015. The Budyko water heat balance equation is
used to clarify the role of climate change and human activities in the water and sediment
change of the basin. The results showed that the runoffs in Huangfuchuan, Kuye River, Wuding
River and Yanhe River basins all decreased significantly from 1960 to 2015 (P<0.01), and the
runoffs in 1979 and 1999 experienced sudden changes without significant variations in
precipitation. Compared with the base period (1960- 1979), the contribution rate of climate
change to runoff reduction in the P2 period (1980-1999) reached 64%-76% ; with the large-
scale implementation of the project of returning farmland to forestland and grassland, human
activities in the P3 period (2000-2015) have become the main influencing factor leading to
runoff reduction, with a contribution rate of 71%-88%.

Keywords: Hekou-Longmen section; runoff; climate change; human activities; Budyko equa-

tion; elasticity coefficient



