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Research on spatiotemporal variation characteristics and future trends of dry water encounter probability in the
Yangtze River and Yellow River basins//Ruan Yuli'"?, Zhang Jianyun'?, Ning Zhongrui®*, Wang Yan'?, Wang
Guoqing'”*, Liu Cuishan '?, Zhao Weiru’* (1. The National Key Laboratory of Water Disaster Prevention, Nanjing
Hydraulic Research Institute; 2. Research Center for Climate Change of Ministry of Water Resources; 3. Yangize Institute for
Conservation and Development , Hohai University; 4. College of Hydrology and Water Resources, Hohai University)
Abstract: To reveal the impact of dry water encounter in different regions of the Yangize River and Yellow River basins on
the planning, design, and operation of national water network projects under changing environments, methods such as
Copula function, spatial interpolation, cold and hot spot analysis, and SWAT model were used to reveal the spatiotemporal
variation characteristics of dry water encounter probability in the two basins and future trends were analyzed. The results
showed that the dry water encounter probability in the upstream Dajin-Lanzhou combination and Yajiang-Lanzhou
combination significantly increased at a rate of 1. 46% to 1. 57% per 10 a, while Datong-Huayuankou combination
significantly decreased at a rate of 1. 04% per 10 a. The hot spots of Dajin Station and Yajiang Station were mainly located
in the upper and middle reaches of the Yangtze River and the Yangtze River Delta region, while the cold spots were located
in the “Ji shaped” bend of the Yellow River and the “two lake” area of the Yangtze River. The hotspots of Lanzhou Station
and Huayuankou Station were located in south of the Loess Plateau in the middle reaches of the Yellow River, while the
cold spots were concentrated in the middle and lower reaches of the Yangtze River. The multimodal average of dry water
encounter probability in various station combinations in the future exceeds 20%. Among them, the Dajin-Lanzhou
combination and Datong-Huayuankou combination showed a trend of first decreasing and then increasing, the Yajiang-
Lanzhou combination showed a linear increasing trend, and the Huangjiagang-Huayuankou combination showed a trend of
first decreasing and then slowly increasing.
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Fig.1 Overview of the Yangtze River and Yellow River

basins and distribution of hydro-meteorological stations

1.2 #HIEFKIE

AR SCHE vl AT BB 1 AN i S AR e | B
ST AR RN 7K SO i — BOME SR B B YT 48 K
Sl (L) HEVESE (i) B R s (hiE) LR
Al ) LA B B 0T 37 38 0 22 M 3 (37 ) AnAE e
Fh (T E) fE ARG X 4, X Sk Sl 3 B oA
1963—2022 4F-3% S 57 8% 1) 42 It L 8 . BEHRLK
TLANE R 200 24 TR K R 8K IELE
B 1] 7 510 45 4, R4 ok U8 b R4 e W)
(http://data. cma. en) 71 FN 8 ]I 38k Py 7K SCAR
RUEAT s B 5T S PR ( DEM) | = 3 ]



FHZERY IR ARV S5, Horh, DEM Bl >k I T
Ho PR 8] B4 = (http ://www. gscloud. cn) $EEAY
GDEMV2 %dig 7= i 5 A b ) FH 28 780 1 Jeeic i o 1 ik
DUOR A A vh I 4 1 R T s 48 LUCD, oy R
4 30mx30 m; T AL B b E R B R
PR 58008 oo SR A, A ok S AR b U ik R
CMIP6 7 [y 52 i 1] (1985—2014 45 ) 4D rh ik v
XIS R IEASADL R 7 A HL ok A AN R AR o i
TR SEA T R0 10 MR (R 1)
3 P fBds 5t (SSP1-2. 6 . SSP2-4. 5 SSP5-8.5) B R
KA B, Hod, SSP1-2. 6 A0 2 M HE 1%
(2100 4EFESIHRIA N 2.6 W/m?) , SSP2-4. 5 {L &
HERCTE 5 (4.5 W/m®) , SSP5-8. 5 X3 o HE AT 5
(8.5W/m?) .
®1 SBREXBELAER

Table 1 Basic information of climate models

St PRIA% %5 =R
ACCESS-ESM1-5 192x 144 K FIE
GFDL-ESM4 288x180 %
GISS-E2-1-G 180%90 ES
INM-CM4-8 180x120 % i
MIROC-ES2L 180x90 HA

MPI-ESM1-2-LR 192x96 T
MRI-ESM2-0 320x120 EEN
NorESM2-LM 144x96 Bk
NorESM2-MM 144x96 7197

TaiESM1 288x192 rh

FFE LT LA 50 D0 6 45 T A 8 o 3 3 1 3 A
1A Oz (a5 7 PE JF I, L 3Rk B ek A7 e X
LSS RPN s e T b L S M R o T R O 2
(RIS A &, AR K 4/ BT -2 M (B3 B3
A 5 H W/ B AL O (R R - R ) 414
DABRIE H TR R — T BE )2 G btk AT, v/ IX 3 1 55
22 TN E AR B AE 5 AR R 5 )M IR 3h— Bk IR
T, P S e 52 AR AU K RUBE IR 9 -5 KSR G852 i 1Y)
DI R (TR T8 Y TR W B e W 7
AT HE DT T AR T 3 AR Y T L S
AT i B T 2 R 6 7 P 5 (B)K % A% B AR oR 5 1)
JEO 20 A7 5 bR i o e s ) AR SR i T
R 55 /K R USRI EE A AR U O R K A S A A
EHLE bR, SO P R S RS SRR L R
BCRANTIEIEA TR EH R 5y, 5% ToR%E 1)
RS, R KT 62. 5% 0T, M F2 5%
s SN

2 WIRAE

2.1 fkEEFRITAEE
K T8 B RS PPAG AL 2 % ¢l 3 AR T4 14

Gor AL BEA G L K E A AT
AR -2 M & A B 452D 3R

B, Aok, BB 15 For A
A, AR M (gamma, GA) 4 A, H Ul /R
( Gumbel ,GU) 4347 .1 =531 (inverse Gaussian, IG) 43
i 25 (logistic, LO) 434 X EIE S (logarithmic
normal , LOGNO) 4347 | IE 2% ( normal , NO ) 4373 | JZ 7]
H IR (reverse Gumbel ,RG) 434 .= 4 /K ( Weibull
WEI) 7375 . — 25035 13 /K ( two-parameter Weibull
WEIR2) 43 fi, = Z 0 i /K ( three-parameter
Weibull, WEI3) 4370 . ] A5 ( generalized gamma,
GG) 7341 1 ve 25 5o - B 2R 4% MK ( Box-Cox-Cole-
Green,BCCG) 437 )7 3% = 47 ( generalized inverse
Gaussian , GIG ) 737 %48 £ ( power-exponential , PE)
A3 IR (t-family , TF) 5340, >R H 2R 22 Rt
TR HEEED (ALC) 0 DU 5r 45 S E DN (SBC) W42
A AR 2RI E: & | TR

T2 BEMME T, EREWHRRT
IR X, 22N TF 518 Y, 2R H Copula PRI i
FPO ARG AR IR AN

FX,Y(X,Y,0> = C[FX<X,6X) L (Y,0,) ’Bc] (1)
Py, () HERBIER AL 0 HIRG RS
FL(X,8,) JFy(Y,0,) RFEAI X Y O34 BB i
80,0, WILG I ASHC( - )4 Copula FREL; 6,
M Copula 50

R 75 IR R RIS e M K SGE R B X
KAEAES TS oK, R FH Gaussian |, Clayton , Gumbel |
Frank 4 ' Copula pREVE A R 4 v 428 UL 51 AR 22 M
SR T A A8 R R 5 03 A pRER, SR 5 R ALC A
B it iR 2% (RMSE) /E AN P85 64T Copula PR%K
ik,

BB RGBT, X, Y, )
B, 0, 52 ORI 03555 4 B,
i 5 22 Nl A 7K T B RN

P=(X <X,.Y<Y,)=Cluyu,) (2)
2.2 HRAKEBMENTBEEFESHAE

I 23 AR AR A by T Sl AR AR S A
PWTTTIE BT A K SC s 2H A A K 8 Y s ] AR
fefadh, 25 I3 il s A2 T BHE AS J2 DA R B T - A2 3t
A RRE B4 R AR S AR Z R FH 28 R A {3
Vo TR A BT i 200 4 R R VR B AT O Sl AR R K S
SRR VA 55 A S8 PR AR I A 7K T AR 2R 1 4 ) AR AR
A, DI 3 AL 22 AiE AN [R] 37 5 428 O i 7K 2 38 11 25 ()
FRAE .

.15 -



BB AT DLRAE R S (sl I e 25 A
FRRERE W Getis-Ord G, Gl kB E
RAEAS ] A EARRRIE . Horb ) ¥ s X A K 8
AR 23 08 Ol I 19 DX, A0 A DX R 7 3 R 2
T 0 DI, ¥ B X R or BT B
PR ISHRIR Z(G) ESE, TR A

G, - E(G,)
2(6)="""" (3)
JV(E)

Horfr G, = Zwijxj(ij)_]
.G, MRS o R B M B w,, S 7S [RIAL
5o, AR j A KB AR 0 A HWHE G E(G))
H G NEEEIER V(G N G, %, Z(G,) {Hil
KRB, R RS, Z(6,) (AR
T OMFRERAGFAN BN RELR, Z2(6,)>
2.58 FRAE 99% B AG A IX, 1. 96<Z(G,) <2.58
FAE 95% BEAGE PGS X, 1. 65<Z(G,) <1.96 F£IE
90% BAGERME X Z(6,) <—2. 58 FAE 99% B 15 E
B HIX,-2.58<Z(G,)<~1.96 FF 95% E 15 E¥
BIX,-1.96<Z(G,) <—1.65 FE 90% B 5 E %
HIX,
2.3 REBFRRIMEFHE

FET CMIP6 2k B FRUBE J i 22 12 TF J5 1 10 A4~
ST 3 Bl AR 5t (SSP1-2. 6,SSP2-4. 5,
SSP5-8. 5) AR AREHE , 2T DEM il | 14 A1)
FHBCHE AN+ B b e SWAT A o VT
TR it ok FR AT, AR SCS i 2%k
1T 8 57 Wi, Penman-Monteith 7 B2 11 58 25 Wl &,
Muskingum B L TE L, 38 14 SWAT-CUP 1)
SUFI-2 B3R AR It 26 8 (CN2) | T 378 % # M
FE(ESCO) | FEiiIR 7K R % ( ALPHA _BF) 45 5G4
SH, 4 1000 WK% AR 58 B R g, BB g 1 Oy
1963—1990 4F ¥ UE ] A 1991—2022 4F | R H i &
FH(R) AT RCR R B (NSE ) 2 1 A A5 (4 A1y
AR

3 HRE5SW

3.1 KIIFEAREMAKE R ER

R 31 25 53 A D03 T ks | o VIR 88 ] it 45
i AR TT 9 W30 2% 03 A AT T 0k, 25 R R K
SN S5y A NO 20 AR, EVL S | 5 s il
AR I8 i (8 B B 2 o0 Al o 1G 0 Ai, BT i =2
sl FAERE 113l A2 3 9 B G300 2% 43 A AL h G 43
Aii o TEMCEEA B, O A TR T it s ;R S
B Copula PREL, K4 2N A M AL Copula
PR#CH Gaussian Copula, F W A9 AIC 1 RMSE 154>

. 16 -

Bh-1012.75 F10.013 1, FEVT -2 M 2H & e fE:
Copula PR U1 /& Gaussian Copula, 1 f¥) AIC
RMSE {H/r 51 4-1007.52 #10. 0135, #FH#e-4E
F 215 1A Copula PR%CH Gumbel Copula , AR Y
AIC 1 RMSE {843 % & -968.77 1 0. 018 7, K
AP 04 A B 4 Copula PR %Lt J& Gumbel
Copula , }H ) AIC 1 RMSE {843 %] 1 —985. 66 #ll
0.0158, M AIC il RMSE {ERF , 3EH) Copula bR
BORT LA BN 3l o5 AL A B BR B o A, ELXH T
Sl U DX 3 A 2 A B ROR AR T P R Ui, X T
fie-5 RS2 A2 Sl A b e DX R G
TEES TSR K TR H S AN 155 Al A 2
i, e W KR X A2 7K X A7 K B R B, K
S22 PN LA AT -2 AL A A A B AR R A
VTR ] 3 38 937 X ] i 38 3] A 7K B XU 5 2 ¢
AL 112 A AR 6 Bl 11 2H A RS~ il 38 AR
FAEAS VT ANBE AT 3l T Y DX 3k ] Ao 36 3 A 7K A X
Bor A VLRT AT e 3ty s 25 il 7K S AR R 4 SR R
WY, R4 MALA ARG RE B R
Bk 21. 54% A2 i R DA (Rl A O - F)
(50. 17% ) W 5 T A2 (49. 83% ) ; AT 224l
B HRGH A BHER N 16, 16% , 065 T F -4 10 B A%
H(15.69%) , [l L WE 2 (38. 27%) 1R T 5 20 %
(61.73%) ; ¥ Z2 s AL Fel 1 414 0 RG -4 1 18 A %y
24, 11% WA T 3= - F B AR (25. 58% ) , AR
[F2EHE 3 (58. 29% ) & T 520 % (41, 71%) 5 K
A e ALA A AL B AR 15.38% , fUR T
F-F M BHER (16.08%) , AR (37. 82% ) & T
SR (62.18%)
3.2 KIFMEFAREMKEBHERMEETHED
FT 1963—1992 FHREAA B, 4387 62. 5%
K T8 38 MO 3 o e A A 8 988 o ) AR A, DA BRA 7K
T 3 MR A B () i A 25 RN 2 BrR ., A 2 T
UL RG22 HEIT 2 A K B s e e 114 A Y
i 7K 2 3 O 3 S I o ) e e, LA o R 4301 Sy
10a 1.57% .1.46% 0. 947% , ifi K@ AL e 1141 &
MILA%E 10a 1. 04% ) B3 B/ D 1 ka s, BEEHE
AL BIE N £5 3l 25ZH A 118 B R 7K 8 A 5
FEl R 0. 167 3 ~ 0. 248 6, Fiz /M 7K 18 38 A8 K 7 6l Ry
0.1252~0.220 1, & 2 MK ITFIETR sl s 416
T AN 7K B MR R S A I 45 2 . M3
5, ERW 1L 045 09k K 8 R I K
(0.235 1), T VL% JH 4 A B4 Ay 7K G 388 AE > i /N
(0.1497) . NEBKILERE , KE 22N M2
P DA K 8 G AR el 12 A I T 3 A R At L d
TR T AE AL T 2 A K G AR L



TR

Ka—2M —— YT =22
026, — BEFRWEAEFN — K-
024+ N\ :’:ﬁ; \/;:

3 f» ‘\ﬂz9.47 x10™*x+0.190

022" pge1

« 0.20F \y=0.001 57x+0.124
W 2
o R*=0.892
=018/ e y=-0.001 04 x+0.211
;__‘:<R2:O7-l:i“}k\—
0.161 Ve i,
014F " \Ay=0.001 46 x+0.083
L~ R?=0.849
0.12 i ST
30 35 40 45 50 55 60 65
FEARK E/a
B2 KIMEARBEAASEREKEBEER
FEEAK BT

Fig.2 Variation of dry water encounter probability of
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Table 2 Characteristic values and trend test results of dry
water encounter probability of station combination runoff

in the Yangtze River and Yellow River basins
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Fig.4 Analysis results of cold and hot spots of dry water encounter probability between representative hydrological

station runoff and watershed precipitation in the Yangtze River and Yellow River basins
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Fig. 5 Changing trend of dry water encounter probability of various station combination runoff in the

Yangtze River and Yellow River basins in historical period and under different climate scenarios in future
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