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Abstract: [Objective] The aims of this study are to comprehensively analyze the main influencing factors of
hydrological elements (actual evaporation and runoff) change in the source area of the Yellow River, and to
provide reference for the study of hydrological cycle mechanism and ecological environmental protection in
this region. [ Methods] Based on the hydrometeorological data of the Yellow River source area from 1967 to
2020, the characteristics of the changes in the actual evaporation and runoff of the Yellow River source area
on the annual, seasonal, and monthly scales were analyzed by using the Mann-Kendall trend test method.
And the ABCD hydrological model and the monthly scale Budyko model were used to quantitatively compute

the contributions of human activities and climate change to the changes of actual evaporation and runoff in the
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source area of the Yellow River at multiple time scales. [ Results] (1) The actual evapotranspiration in the
source area of the Yellow River during the period 1967—2020 showed a significant increasing trend at the
annual, seasonal and monthly time scales; runoff showed a non-significant decreasing trend at the annual
scale in dry season, August and September, and a non-significant increasing trend in rainy season and July.
(2) The influence of climate change on actual evapotranspiration was greater at the annual scale, in dry
season, August and September, with contributions of 59.61%, 108.43%, 50.71%, and 58.17%, respectively.
Human activities had a greater impact on the change of actual evapotranspiration in the rainy season and
July, with contributions of 62.38% and 53.34 %, respectively. (3) The dominant factor affecting the change
of runoff was climate change, both at an annual scale andseasonal scale, and in July, August, and
September, with contributions of 55.58% , 56.23%, 59.92% ., 68.70%, 51.51%, and 87.03% , respectively.
[Conclusion | The actual evaporation and runoff at different time scales in the source region of the Yellow
River are mostly affected by climate change, but the contribution rates of climate factors and human activities
to them are relatively small. In the future, attention should be paid to the intensification of human activities.
Keywords: Yellow River source area; actual evaporation; runoff; multiple time scales; trend analysis; ABCD

hydrological model; monthly time scale Budyko model
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Table 2 Mann-Kendall trend test of actual evaporation in the

source region of the Yellow River on multiple time scales
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HIGIN 22,30 mm, LFRZE R BRI 11.23 mm, B
FER I 7.72 mm, R G AR O DA D 5 T R X
FEKHE M 10.61 mm , £ HEfif K 548 b 5 3 i 16.36
mm . S PRFE L BN 3.49 mm, FEZE K B N2.27
mm » P AR 3 08 5 W 2 [ K 98 2D 3.09 mm, + £
KR 7S AL B 8N 5,94 mm, 52 B € R R 7. 74
mm , PTEZE K& BN 5.45 mm, PRI R 248 0 020
BRIX 7 H MK BN 2.39 mm, 3K ff AR L i
B 3.30 mm, SEPRZE K I NN 2.93 mm, I TEFK K
AN 2.37 mm, FIE 7 A ARG ;8 H KBS N
3.26 mm, +HEK A AR E N 3.16 mm, PR
KA 2.12 mm G ER LB 1.30 mm, &k
b ) A R KT A R K % 3 e L TR 8 A 42
WU 9 BRI 2> 4.55 mm, 1 8K fif 5 A5 Ak
BN 2.47 mm, SEFRZE KB IEIN 1.73 mm, AEZK K
RN 2,65 mm, H L 9 AR,

FE 22 i E) RUBE b et Ak N 20 2l R /=04 A2 kX 8
R X AR s, A B a3k 7, MR 7]
S, A 45 A B ) R v 8 2 30 kg A48 A8 A PR 3R 0T 3 3k
TR AR A TR R A . B B0 R AR AR RUEE , i
JEVEIA AR U & R 184.37 mm, 2878 A AR R & R 158.36
mm, M T IEHEI L 52 A8 A A A2 3 Bk 20 T 26,01 mm,
Forp NZE05 2h 5| Y U AR U i AR ki Dy — 11,55
mm, 5T R 44,42 0% 5 A5 AR A X I AR i R Ak
1 TRk i — 14.46 mm, TR K 55.58 %,

B2 BRI RN 75.64 mm, RARWIAR T E N
66.40 mm, 2 A —9.24 mm, Hip AR5 3 5]
E A AR 2R AL B — 4,05 mm, BTERER N 43.77% 5
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ARAL AT R A IR AR A AL —5.20 mm, BTk
RN 56.2300, WA, FEMENIARH ALY 108.73 mm, JEAE

W E N 91.96 mm, B &AL & —16.77 mm,

o A 2E05 3h 51 i 0 B AR i AR ik o —6.72
mm, BTk R N 40,08 %0 5 S A6 AL Ak X6 I dl A% I e AR 1k
B BT —10.05 mm, TTHRE R 59.92% .
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Table 6 Variation of hydrological elements in the source area of the Yellow River mm
R} i) THE 3] AL 5 1 HE 1 1 AL L e ] AL o
R P P E, E, AS AS
4 509.94 517.46 7.52 793.46 801.17 7.72 0.72 23.02 22.30
B 144.34 154.94 10.61 415.28 417.55 2.27 —70.99 —54.63 16.36
W2 365.61 362.52 —3.09 378.18 383.63 5.45 71.72 77.65 5.94
7H 99.70 102.09 2.39 106.94 109.31 2.37 14.92 18.23 3.30
8 H 84.74 88.00 3.26 99.72 101.02 1.30 9.24 12.39 3.16
9 H 81.24 76.69 —4.55 70.96 73.60 2.65 13.58 16.05 2.47

7 EMEMAR R K 31.72 mm, AR
4 27.87 mm, AR A8y —3.84 mm, Hp A
T B0 T AR AR A Y BTHR 58 — 1,20 mm, 5Tk R
M 31.30 %% 3 A AR Ak X I dek A% i 1 AR 1k Y BTk N
—2.64 mm, TTERE N 68.70% , 8 H , K 42 i
4 25.13 mm, KRR &R 23.12 mm, 12 i & 48
et Ry —2.02 mm, H o A3 3ol it U Ui AR 4k

(A BTk B —0.98 mm, BTk %R 48.49 %6 s A AR fk
XoF VB AR I AR AR B BTRR R — 1.04 mm, BTHEREE Ny
51.51% ., 9 A HEMEMIFR &8 30.50 mm, 2848 4%
ey 21.75 mm, i AL 5 —8.75 mm, Hrh
N SR i A i i A A STk — 1,14 mm,
TR R 12,97 Y6 5 A0 48 Ab %t Ui 348 U kA% Ak 11 5T
Mk —7.62 mm, GTEKFE N 87.03 %,
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Table 7 Attribution analysis of runoff change on multiple time scales

g UMW R/ RAEW R/ AL/ N 3l KA NI 5] AL
R mm mm mm DTk DTk BTk R /Y% TR/ Y
4E 184.37 158.36 —26.01 —11.55 —14.46 44.42 55.58
BE 75.64 66.40 —9.24 —4.05 —5.20 43.77 56.23
kS 108.73 91.96 —16.77 —6.72 —10.05 40.08 59.92
7H 31.72 27.87 —3.84 —1.20 —2.64 31.30 68.70
8 A 25.13 23.12 —2.02 —0.98 —1.04 48.49 51.51
9 H 30.50 21.75 —8.75 —1.14 —17.62 12.97 87.03
3 i i B P K 30 D 38 1 1 P38 B A O K

EA B AT DX S s 2 0 FA DR L R AR it A2 Ak
FRAE A LA L A SO AR A AT 3 ) S B i
Wi 94> £ RE P8 BT IR X AR R AR A B SR AR
P SEBR R 32 2R BAE 20 fiEd 90 4FAUZ ), 4Bk
AR Bz DL R 3 S AR O K A AR AR T BRI
B IR H IR 2 UK RE T 8 AT A K B
AR AR [r) B AT RO 3 A 52 B 2% A R I B K
FI8D JEL I 2 /0 T e S A 7K 38 00 ) R JRE L A A O
/b AT DX Ak G 5L 32 b T L DX Y
I P WD TR IR DX e K G, W R T
FLREE K Uk /D 2 N8 L 38 5 s 2% e fE 0 L 252 5 R
o o B0 AR L U 5 T RLJE ) A0 52 ) R 2 B RUE
ROR Bk

N B A 52 e 52 00 g A6 B TR X X 3 4k A I
7 AR R A Y 32 BN 3 KO8 R H R TR R

ORI INTITR: ) BT 2N SR () DG B B2 RN R - AL
B L HL AR 2 B A 1 9 2 L T v e K R
& F8 1 IR A= 395 FH 7 B 3 TR D K A ARG 14 A T ek
Qb T A AWy 1 HE R ) E R UK % R L, R
WnRR RN T ENRTE SN R e F, ANE
T Bl OGS B AT YR DX AR AL B4 5 MR /N 5 DR R R T MR
IR o N2 A 7 FH K I 18R T K 9 2 5 AF RO N6
1 X ISR AR T A B2 M R B3R B A R B R R Y £
B TR 3 A A N 2R B R R R L
SRR AN 2

4 % ig

(D) EERE 528 A 9 A, 5] i i
X S b 78 7 Ak 3 B 2RO S AR AL L H TR R 43 )
4 59.61%,108.43% ,50.71 % Fl 58.17 % s fEFH Z=H1 7
A5 BT iR X S0 PR 28 & AR A i R R R e A
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% 32 &

g, FETTHR R 4> N 62.38 % 1 53.34 % 5

() BIERAFENRNE . ZRELEHNE, X5

TR DX A T A8 b 5% Wi 95 R ) TRV R ¥ o S AR Ak, AR
R BZ WE.7 .8 .9 AR x££
Ak () BT Bk 4> B 55.58% ., 56.23% ., 59.92% ,
68.70% ,51.51%.,87.03%.,
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