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Change trends of hydro-meteorological elements in the Yangtze River Source Region from 1960 to 2020 under
climate change//Shen Long', Wu Nan®? | Luo Yuning’, Wang Yuhao’ , Sun Jianwen', Wang Yifan', Zhang Ke’**->¢78
(1. Electric Power Research Institute, Yunnan Power Grid Co. , Lid. ; 2. Nanjing Hydraulic Research Institute; 3. The
National Key Laboratory of Water Disaster Prevention, Hohai University; 4. College of Hydrology and Water Resources,
Hohai University; 5. Yangtze Institute for Conservation and Development, Hohai University; 6. China Meteorological
Administration Hydro-Meteorology Key Laboratory; 7. Key Laboratory of Water Big Data Technology of Ministry of Water
Resources; 8. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources)

Abstract: Based on hydrometeorological data from 1960 to 2020, this study systematically analyzed the abrupt changes and
monthly-scale variations in runoff depth, precipitation, temperature, potential evapotranspiration, and snow characteristics
in the Yangtze River Source Region from 1960 to 2020, employing methods such as the Pettitt non-parametric test and
simple linear regression. The results showed that during 1960-2020 in the Yangtze River Source Region, the multi-year
average annual runoff depth was 90 mm, which shifted from a declining trend to an increasing trend after 2004. Annual
precipitation exhibited a mutation in 1997, increasing at a rate of 0. 54 mm/a before the mutation and slightly decreasing
thereafter. The mean annual temperature was —4. 5°C , with the warming rate accelerating from 0. 02°C/a before 1997 to
0.05%C/a afterward, significantly higher than before. Potential evapotranspiration showed an overall increase, with a 6%
rise after the mutation. The multi-year average snow depth was 1. 7 cm, showing a decreasing trend, with a rate of
0.1 em/a. At the monthly scale, runoff depth and precipitation showed significant seasonal fluctuations, with summer
accounting for over 60% of the annual contribution. Winter temperatures showed the largest increase, exhibiting a typical
“cold-season amplification effect”. The multi-year average aridity index was 1. 8, showing a downward trend, reflecting the
regional climate’ s transition towards humidification. The multi-year average runoff coefficient was 0. 2, decreased before
2004 and then rebounded, reflecting the increased complexity of hydrological processes due to factors such as snow melting

and groundwater recharge.

EEWA LA BT RIT TG 450 H (BZ22024035) 5 H = m 7 L 9 2 R HL A BB A RHE I H (YNKJXM20222329)
TEBR N W (1973—) , B, IE &% TR0 A, 3222 DA 5 i I 22 4 2k 7= A B I B IR K ST . E-mail : 13888793496@ yn. csg. cn
BEEE 20 (1995—) , Lo, TR, 4, 2R HREK SRR MFSY . E-mail : nanwu@ hhu. edu. cn

e 22 .



Key words: hydrometeorological elements; mutation year; long-term trend; aridity index; runoff coefficient; the Yangtze

River Source Region

AFRARNE TN 21 20 e 58 I S A aE
TS 1 4= BROK A8 28I 25 MR T K R UR B B S gy
A, T AR S 2 BR AR AR A 1 < 3K B HL -5 R
e g 20 R DR RIS A T A
RATIE XX AS AT A IR 12 X el 3 5
I, SARTEVS T 5, AR S MESS , FRBE /R4 1 B, %41
HRARfE A o R Hoam F ARk X P B
W Rk ARRAR ARG R T T e,

RGKCER (KR R ZEBR BRE)
S A AR A AR AR, RS S WK A PR S
AR AL B LR A RFSE BR , 1961—2019 4E
KATPRIX AR K R 2 B o ek i
JET A R A E RS R R AR B TR
BRI A AR AR R 4 T R AR
PESE— A 52 WA K SRR vk Rk B
FR 3B AL A R 2 R VTR X A28 3 AR Ak i H A
0B g T E AR AN EE . R, X
FEFRHL G R R Ik T K S R
2R,

R AT =T, BRUESKCER
[B] R S 2R %) DX 3l K 5 IR 2 4 BRI LSS o 47 L
HEEE XY KRG K S 5 48 a] kK
GEURC B | AR AP B 6 3 R A AR BE R AR
T BT, ARG AT 1961—2020 4F KT
VR IX AR B K SR TR 2R R S S
FAFEFR 5 4R N AR L ARE , B 7R3 AL TR X
K SCR G EE R B T AR A, Ry X 3R 5 5 A8 B
IR R ARl 2 S

1 HREEREHERIE

1.1 HREER

FVLIR XA T 75 90 e i 0 B 5 1A P R T
Mo Ah R P S B =z (a3 4R R i
4000 m, IZXIEIREE S, A A R G 55 BT
AR AR G B RO AR SO B 1] s K S0k A
g VR S AR X 1), U R
13.77 J7 km®, BT X HOE DL JR BB o 3, U )]
e PR A b B Y v AR I, AR R 25K, X
DA A B E N L TR 28 1T 3 K vk I8 91 45 i 780 3
B, DHREIAL T 982 T 5 5 2 i A P A
S BN g L M A, TR SEYS I RAR SR, TR
WA VTR XA 0 21 AR fE 32 B Bk iR
VR RURIA T R PRRAE C2E B | 4P 32 e BRI AR

(& AR RSN A S

36'N |- }\i
34N |

P51 B

A Pk -
32°N O sl 7 ™ 2?93
) o iz M 0 120 240km

— 4y 3562

1 1 1
92°E O E 96’E

E1 WRXHR
Fig.1 Overview of study area

1.2 iRkl

B E R AR R IR T B2 [ B = B
(http://www. gscloud. cn/) , 5[] 3 HEE N 1km, i
SRAR I B AR T KRR K SCAR S LT3R K
S 1961—2020 4F 12 A A2 7 51 A1 S Ml i K SC i
R0 R B, TGRSR CNOS. 1 #% a5 K il
AENST ORI A T I 2 400 AR ASSG S
A iz AU -HEF- 5 00 R AR B D7 Al i, =5
153 B4 0. 25°%0. 25°, FR AR K X IR
S5 H /) RBERAE ; 3T s 4 | >R IR G (R ML
R HEZE Penman-Monteith 23 22 2% 1E
R . BRI T v [ 5 R I 18] PP 91 Kt
FE(1979—2018 4F) 1224 s [ 43 %k 0. 25°, B
150 R HRUEE s B 4E Rl & SSMR  SSM/T Al
SSMI/S 45 Z I Sl iRl et Jee e i ol , 280 A% et
[ 58 SUAGE 2| 16 1 A ol 7 o 0 A /K 5 g T
GEA RGO I EA A ) Bk o ] X3
PR 2 S o (B VR B 7 27

2 WIRAE

2.1 REARE

GG AR SR K SO FR G Al A A Y AR
LANEPG  HAFHE RN R GRS G RHAE (3
5 D7 2255 ) Fr A I a) oy & AR o 3 ol As . S iR it
HBRAHNM AR CR Pettitt IESH0K 5152 K]
G LR R 750 1 258 AR fk, % 1H p<0. 05
FOREAL SAEG T L HAA B,
2.2 MBS

K — ek AT AV SRR SO R B 1 i
]38, FH DA 2t i R ) (8] )32 5] A9 8 A8 B4 3 p < 0. 05
A BA W, T RS R 0 AN



P, A HEZE ) 95% &5 X B A5 0, BIIA A
ZHTE 95% B 5/KTF F &S,
2.3 TREHMEST

ASOR K SO US4 9 A 1 H&R&IR
8 H 31 H, EHEREF K SRS EN A
HERMEARAEFE(EBELSER) i R EE
K SCRR AR LI 2 ) fe K H 25 AE ; e RS TR
KA H Az KA R g H

3 ERESW

3.1 KNSR EZFERTHISE

Kl 2 2 1960—2020 AFRIVLIEIX K XL E R
ARt Ras, R 2 AT, £ K SRR B R EAN R
ARy R 5 58 AR AR AR R TRAE 2004 4F A R K
MR URAE 1997 45 TR 28 B L 2005 4F, £
AESEHAR RN 90 mm |, 1960—2004 4F5 R
2004 AFZE7E J5 FF AR [ T, JF T 2008 4F 35 S i A 1
162 mm,, 4F R 7K 5t 52 390 0 B B M RRAE, 1960—
1997 4FZE7AEHTLA 0. 54 mm/a BYHURGK | 2 4R
{H°h 386 mm ; 58748 J5 R K A Bt B FE I, R B
7 0. 11 mm/a, ZAEF- K EIE T2 415 mm, £
AR -4, 5°C , AT R R TR (A%
A 5 TR 3 R B PR 1960—1997 4E L) 0.02°C/a
D48 1 TF,1997—2020 4EHETHE 0. 05°C/a, #8137
SEPEBPRTT ) W 2R BUR AR AR AT R )
T, RAR S R R 6% , N1 RES AR T R

2 IR A 15 7 A L A S R R A O

1 3 2k 1979—2018 A4 VLI IX AR T RRAE 1 22
feitass, M 3 L, K VTR IX BSR40 (F
IR ERE R ERE RREHREAH) F1E
2 AR PRIE SR Bt AR Ak, AR BB IR
K 1.7 em  (HFEAS[A] B3 2 ) 2. 1979—1986 4F:
FEREELL 0.5 em/a [HFRFFELIG NN, 1986 41k 3]
P S0 6. 0 cm , 3X T BE -5 [R] A PG JRUHT 7K 95 4 26 4
SRAT G SR 1987 R AR T, A I R 2
L. 4em 5N T REBH, X —20 FEE TR
Fh-o AU S 0 - — T AR T v S B K AR S
L LA > T A/ TSR 5 —
FHEANEE T A RS, 465 T RS R
P UMREAVE R Bl RS UR B AR T I, S e 1<
A 0 e FE DX B AR 1 B 2 e, 9 X AR
YIRS TEE N 7. 8 em 15 1985 4 H B 4 (E
29 em, AR ARG 3.7 . R RAG I ) Bk
TS B BE Y 0 3 =8, KO # i o H D
0.1cm/a FYHRZNE N, AL, R KR TIRE K
AHEL0.2 d/a B ERLER | X ] g 5 F =Y
FEHT (CUNEL TSR 4G H SR ET ) JE R IR0, DT 2
Ak TR R
3.2 KXSKREZARETUHHE

4 & 1960—2020 A4 VT X A2 3 A2 1k
I HXPAEAR R I DTk, i 18] 4 AT L Ak K
W(1—3 7)) ARWHERT 2 mm, SRR AR

J¥FIH TR E F X ) L THEHE L X H] - FRgEHL - --- RThERL RAFLENy
166 500 -2 818
£
= 136 = 450 -3 £ 776
£ £ e )
& 106 LA e 400 = -4 ® 734+ |\ U AERAA
12 X it r f_
= 'E(iﬂ' L= -
E 76 = 350 =5 A % 692
46 ) ) , 300 ) . ) -6 ) y . y
1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020 1960 1980 2000 2020
A A0 AEf Efy

(a) AFARTI (b) 4FRErK

(e) AR (d) Wedeiick

B2 1960—2020 £KIBERKXSREEZNTHER

Fig.2 Variation trend of hydroclimatic variable characteristics in the Yangtze River Source Region from 1960 to 2020
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Fig.3 Variation trend of snow characteristics in the Yangtze River Source Region from 1979 to 2018
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Fig.4 Variation trend of monthly runoff and their contribution ratios to annual runoff in the

Yangtze River Source Region from 1960 to 2020
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Fig.8 Variation trend of aridity index and runoff coefficient in the Yangtze River Source Region from 1960 to 2020

e 27 .



AEfy

123456789101112
A
(a) FHEEE

(N kR

Ay

123456789101112
A
(b) WAL

B9 1960—2020 F£TER ARETRIEHMEREBNEN ERSTIFT

Fig.9 Intra-annual and interannual distribution characteristics of aridity index and runoff coefficient on monthly

scale in the Yangtze River Source Region from 1960 to 2020
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