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Abstract

With population growth and economic development, the contradiction between water supply and demand
in arid and semi-arid regions has become increasingly prominent. Inter-basin water diversion projects are
considered to be one of the most effective solutions to this contradiction. The evolution of annual runoff in
the receiving area of water diversion projects plays a crucial role in planning the scale and regulation of
such projects. This study focuses on the evolution of annual runoff in the watersheds of the water-receiving
areas of the Bailong River Water Diversion Project. Taken the receiving area of the Bailong River Water
Diversion Project in Gansu Province as a case study, the measured annual runoff data from 1961~2020 was
used to calibrate and verify the CWatM model. And the results by SSP370 future climate scenarios are from
the CWatM model. Beidao and Yangjiaping are located in the Wei and Jing river watersheds, respectively.
And the abrupt change points, evolution trends, and periodicity of the annual runoff are identified in these
two stations. The results indicate that: 1) The CWatM demonstrates satisfactory performance in simulating
monthly runoff within the water-receiving area, with both calibration and validation periods meeting pre-
scribed accuracy criteria; 2) Abrupt changes in annual runoff were found in 1992 at Beidao station and in
1985 at Yangjiaping station. There were significant downward trends of the annual runoff at both Beidao
and Yangjiaping stations before the abrupt change while there was a significant upward trend at Beidao
station and a stationary trend at Yangjiaping station. Although there was an increase in precipitation, there
were more increases in evaporation and in water consumption. The contradiction between water supply
and demand inevitably was exacerbating. There were short periodicities with 2~8 years and without sig-
nificant long periodicities at the two stations; 3) Under the future SSP370 scenario, the annual runoffs at
both stations show the decreasing trends, and the multi-year average runoffhad been found to be decreased
19.9% and 46.0%. Our study demonstrates that water supply significantly affects the total runoff and its
trends, especially in the Jinghe River Basin where Yangjiaping station is located, urgently requiring inter-
basin water transfer to alleviate local water resource pressure.
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1. 5|

B N DS S 25 R R g, NSRBI I 9[RS A A2 Ak 5 B R AR N % 70 A1 S AN,
IR BHIRBE R JE ANBTIR, JCH AR 52 R AL SR UR I T 7 T R HUX[1] [2]. T oK BRI R F o0
J&, B S| K DR R A S iRt T Btz —[3] [4]. 51K ARk B T /K URIX A RAT, 19 sk
BARK X IR AR PR LS, AT SR 2K X BRI SRy o BRI, B K TR 52K XA AR I I A 175 35 oxt 4
R 51 7K AL R AL 5 3 B2 sk o 70 B 4 I [5]
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TEDA E X AR R AL A A S A T o, EEAWR RS — R E KU BB I R0 &
SIS RE . WSS NN SWAT R RSO Vo] I8 80 J58 8 I (58 FH SR I8 B A o S A e i A 7 359 4081 i LA
PN BEE6], HERE A S SWAT BRI CA-Markov BB, Fiifli 7Rk “Hrikig” mhiimn “mepf0” i
W AR AR A 7], Manging Shao 5 AR FH 434 XK SCERL (DHSVM) 5 7K B AR 2 (WAM) 75 31 56
FEI A5 50 % 0 M R R S5 N 7K /K B8], FE bk % A A Budyko HEZE TIN5 2 5 4 XA SRAN [R) = 1 55
TR R[] T I LR AT Sk . BEREAE NI A 1988~2018 A 2 i X 423t 5 /K BRI B Bk
Syt =g TAR B /K AT 5 R K BHIR ARG [10]: VRIS RIS F 4 I 61 AF KRR 5K BHIRE TR, AT
FOK B RTA BT [LL], 4R AR SCHET N A 40 0 2% ) FH DL 98 B AT e S U mh AR B kk, M@ 2 FJZE BP AN
BTN RI[12] o HLAR DA b7 925 I T AR TR I R AL R R 4, (ER AR 704025 FE NI K R V52
M s 7] CWatM (Community Water Model) 7K SRR [13]7E =i it #2 H 2% 18 7 N RECH /Kt R sz, e
N Z 0T/ /K-S BRGEAR, A DU AR 7 B R AR i 2 RS 5, WI4R6 5 18 B 285 N KU KiE 30
AR A

R BTG K TR GBSO A L s @ AR S KRR AL B 51K, mR/K. i, JRFH
37 20 (X)L R BEVEE 2T 4 BX MK, J&EFOKMEZEH K2 —. RFFELLHINE AR5 K T
FEZ K XA AR R AT S, FIFH CWatM K%Y, 454 1961~2020 4F S AE 427 BE F1 RSk SSP370 S M is &, 40 Hr
TFFEIX S5k N AL 54 SR BT P AR TR A ) AR AR ARG S A i T A R L R B M P (T A A
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KX LA AR, — R Tk L ERIE R OKm il &, HaE, #HE, 2K, HKE,
AN B P iy VR B B AR TR N s R P R T, IR, SER, B)IA,
REESRATRFTA )\ X LR RN -

2.2. HREHE

2.2.1. SEEEHEN

TR EE R B b b T A TR E 2 AR (V3.0), MW HEIRAR I A A 20 MG E 1961 4 1 H 1 HE
2020 £ 12 A 31 HWiz 0 MR, Sulmfs Bande 1R, XA 5 i b 6 F v 5L 4 (Kriging) 4 i it
AT A, THEAS 252K X 30 min BE H PR 2dE . 76 1961 45 1 H 1 H % 2020 4F 12 H 31 HIf B A,
{4} GSWP3-WS5E5 (Global Soil Wetness Project Phase 3-WFDES5 over 5 land points)iZ H GCM ##i54E, =518 N
930 min, BN KX EAERR BT AEARRI B (2021 4 1 H 1 H 2 2040 47 12 f 31 H)fEH IPSL-
CMBA-LR (Institut Pierre-Simon Laplace-Climate Model version 6A-Low Resolution) SSP370 1% & R {JiZ H GCM %%
P, 7SR 30 min, LS /K X AR SRAK BE IR AL a3

F 1 AREAMESRBER

WS i R4 W5 i R4
1 Uiz 11 75 4
2 i 12 Kk
3 I 13 U2
4 HT 14 FKILE X
5 hith 15 M
6 &0 16 )
7 Il J5 17 b
8 2= 18 P
9 [l 19 raw:|
10 P 20 11k

2.2.2. IKCHEREE
RIEH & 1961 & 2020 4F (KXGHHELY , BB ILE /K SCHE (BRIR), #5EEK Sk (E R i)
1961 5 2020 SEFERIFH o i RN 2 FioR.

= 2. AREATEKIHER

w5 i R4 4 FrEK % KR /Kkm?
1 JbiE TETF TBIK & 23,385
2 MEIE B TR R K % 14,124

2.2.3. |(A)K&I=E

() /KB WFaS $RAE I s 5 AR FIESE NI AERE . Tk, #4505 () Kis £ [14] [15],
WK Penman-Monteith EAT 715 BEBRIRIR & (1) 50%ZE 8 K HR G, FIR/KEIENINE, &AAHK
(BE Aok AR R B A S bR 7 (FH) /K B 90%, T |37 B8 Ay Sz e 7 (FH ) 7K B ) 85%.
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3. iR GE
3.1. EF CcwatM & a9 F I & 7l

3.1.1. CWatM #=H!

CwatM (Community Water Model) & — 2k i [E F= 5 F & 458 43 BT 78 B (International Institute for Applied System
Analysis, IASA)H & 114347 2K SCK F YRR, ATLE 30 min~30's F2S 7] 29 # 2 A1 H I 1A] R R AL X 3K SCidt
2. CWatM AMYBEE I H AR T IK SCIE RN, 518 T FRK 7K & B 55 NI SR KGR IR s, B ik
TOKBRGE A BRI, WK . MR KT RANARM S, & T SRR ARG R T2
FREEKFRHEET KR, HEBBEHEME 2 fios.
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2. CWatM AL Hy R EE[13]

— PRI B X IR M R K R, E B KANG, FRRE RN I AT b AR R R B S\
KA E RN AR RUE . KR SEEE, MR8 & AR B 7K IR E 520, FIFH GCM (Global Climate
Model, GCM) 4Bk RS R EH1E y CWatM 1S 5350 73 IR N B0 (B /K R A8) o 17 Sk B /K B AR 40 52 7K DX P s
AR E TS AR BN GCM $dE . CWatM R Py 358 (14 ] 8 42 7 3 1 5 % A% B 724 H 1Y
s BRI E .

3.1.2. IRHUERITFMNIEHR
CWatM # 7 g Fi] KGE 1F N H AR R B TR T SR, IREL R2. NSE 5 Pyias TEAR BT AL RUR VP4, 6
FVEAIEAN Fa bR L6 3 [16]. HARER B S IP EbR TR A 20505 M
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KGE =1—(r=1)° +(#-1) +(y-1)’ )

Zthl(Qoi - Q_o) (Qsi - Q_s)

2

R* = T —\2 T 2 )
\/ZH(Qoi - QO) \/thl(QSi _Qs)

I:)bias = iMX]-OO% (3)

NsE =1 2aa( % =) 4

ZtT:l(QOi - Q_O)Z

R, KGE Mribk - HHMERE, r WAL RBERN): p AMEREEN), f=Q,/Q,: y NERECE
), y=COV, /COV, =0,Q,/0,Q, : COV NERAM: o Wbz, RQ)H, R Nk A%, Qu Bz
Vil Qo SEilliEiieE; Q WHHMAREM TIIME: Q NLMAKEN FLME: T ASMEIRKKE. RE3)
H1, Poas ARZE 4P Qo WBAATE: Qu ASIfERE. K(4)h, NSE AR Qu MBI
B Qo WY Q) Ak ARV B F .

= 3. IKICHEBIFMNER

EREE R2 NSE Phias/ %0
EH LT 0.7<R?<1.00 0.75 < NSE < 1.00 Pbias < +10%
BT 0.6 <R2<0.70 0.65 < NSE <0.75 +10% < Pbias < +15%
W 0.5<R?<0.60 0.50 < NSE < 0.65 +15% < Pbias < £25%
R 0<R?<0.50 NSE < 0.50 +25% < Pbias

3.2. Pettitt EIFHHIS

Pettitt 6 462 — i AE S HUG I TTVA[L7], AT TR (] 7 21 o A 51— 9848 05, L3k T Wilcoxon FRAIKG G, 1&
HFARES A s, A (G)Fin:
K, = ZiRi ~t(n+1) ®)
ARG, KRB G, RS T MIIERRE, n R KR KR B AR R
3.3. BT
3.3.1. LA
S s R0 o R [PV AR SR VP A 5 K A THEDR A ORISR AR, DU DR R MO MK
-, ARIA(6) iR
y:ﬂlx+ﬂ0 (6)
K@), B ARE, FRBEBIRNLE, B AEEE, RARBEIRKS y #sC s x & ARRI); yRFEEE
(CRER IR
3.3.2. BEIFHE
T B0 P23 T P I (87 S0 e, ok 30 3 LU T i 0 S K i 38 . BT e R A 5 4R 8 I
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T, AR ()R

X
M — i=t—k 7
A 2k +1 )

AN@)F, MAGRRE St RTE IR, xi 25§ NWIHE, k2% DR, KF5Ed kN 2.
3.3.3. Mann-Kendall #a#161&

Mann-Kendall #3446 56 2 — M HES TS 1R 36 774 [18], EH T IR AELR M@ s, iRz M H T a8 b
K B A OK SR R 7 5 AR . HE SR

1) 15 S Giit&: Xﬁﬁﬁﬁﬁﬁ%ﬁ‘]iﬂiﬂ!ﬂﬁ(xwxj)iﬁﬁtlﬁiﬁ?

S:Engn(xj—xi) ®)
i=Lj=i+1
1 if x>0
sgn(x) =40, if x=0
-1, if x<0
2) &5 % Var(S):
B (n-1)(2n+5)
Var(S) = 18 9)
3) % Tau. Z Gitt=:
S
Tau—m (10)
S-1 , if $>0
ar(S)
z =10, if S=0 (11)
St it s<o
ar(S)

X (10)H, n AMNHEEE, Tau A—MisdEtbdads, HT &8RP ARESTm. Ran)d, z gt
BHTIGEA KR EM. Tau<0 FRIEE FHEEY, Tau>0 RoRFag LTS . ERENKE o F, #Z)>
Zop WHHEBIEEA R E . #|2| < Zp WA BAER AR E . BEMEKFE 0.1, 0.05. 0.01 XJ ST Zye 735
N 1.64. 1.96. 2.58.

3.4. INE ST

AN A T N B T RS R, I BRER BRI — M 5 SRR H[19]. /N RS R T LA
FOAR TR 18R FE R 35 AR SV A 0, T S R RIS (R . AT 0 PR S N HOR S
A G BRI ST 0 X645 57 Morlet /It (3 I B, SR LSS R4 B S A
ORI A £ TR BNEE B L, R B AR RE NGB RS, ARURA2H R

W, (ab)=lal 2 [ x(t)y" (%j it 12)

Var(a)=["1 W, (a,b)Pdb (13)
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X(12)H, We(ab); x(ONRIEE T w NI a WRIESHL EHVNINTER: b AT S5, 126/
WAL E sy RN IR S(13), Var(a) T %

4, ERESH
4.1. CWatM RERFE 5018

RIEICIE 5% K EFK SCuk 2011 & 2020 F52i A 23 EHE, 5 CwatM B  =5 5e #1722 2011 & 2015 4F,
AEHA E N 2016 2 2020 . £ SHRE G, CWatM B! [Pl g B an &l 3 Fros.

500 0 500 7 -0
I I
I I
150 I - 50 450 I 50
I I
I I
400 : 100 400 ' I 100
(a) JLiE X | ‘
350 e B ERRRRRRL 27 | R I 150 350 e IRERPPRE AR e I 150
1 I
! P ) ! [ ETEA
300 ! . %‘iﬂfl%‘iﬁ F200 o 300 ' o sz 200 _
> ! — BRR E > ! —— BHARR g
£ 250 4 NSE=0. 74 1 NSE=0. 47 F 250 E = 250 4 NSE=0. 67 | NSE=0. 46 I 250 E
T {R=0.78 1 R?=0. 57 . €5 |R=0.72 1 R2=0. 64 %
. . | . _ =
2004 Pbias=-2. 84% | Pbias=7. 26% k300 2004 Pbias=-0. 85% i Pbias=12.97% - 300
I |
1 ' 1
150 ! | 350 150 ! I 350
| \“ ’\‘ 1 ‘\‘
100 1 ! “ [l L 100 100 1 . ' | . F400
I | Lo I : l
| . A |
504 ) /T Ne ! A e || |as0 50 1 [l i 1|k A 5 Fas0
R T A AT N SO SV A AP ET S v S e NITRWTAT A
0 M: y ool tl‘\/'*ﬁ :'/'A \'A"”"X‘.""b‘g‘# ° L-)u' Ve SN 500 0 o) ol oieend ‘&é{'g-*-.,'g.\,',-.mk.".\w LA \.'gy e w00
T T T T T T T T
2011/01 2013/01 2015/01 2017/01 2019/01 2021/01 2011/01 2013/01 2015/01 2017/01 2019/01 2021/01
i 1) i} [E]

[& 3. CwatM 5B 7E % E HA K G ME AR IR LA R

AL3E G 5 1 5 3t 352 IR NSE 29 KT 0.65, TEREIPH W ILLf s RPIIKT 0.7, MERESFZONAEHR U Poias
XHEF/INT 10%, PERESFHONART UF o S UL LIE sl ARl 45 SRAH LL 5 3E 1] NSE 48454 0.47, R225 0.57, Phias
N 7.26%, B NSE SMAFLERTHESZ VS N # Z P a0 iE 10 NSE 79 0.46, R?9 0.64, Prias ¥ 12.97%, i NSE 4F
PIAE AT 2SI Y . CWatM BEALFE RN 32 7K X T 2R AN A RBEAR AL 75 T R R4, 3 5 3915 B0k 9 4 SR 24y T
AR K
42. FRRERB O

AT HE RS R AR ], FIA Pettitt 25X 1961 4% 2020 4 SC AR P FIHEAT RATAG I, RAKS
W R 4 PR, EERIEARAR [ . Pettitt I ILE N FARTRALN 7]y 1992 4, B IFuy 1985
o FETEARULFEFITRALM 8] 5L, Xof Lo 34T SRAR 18] Bl J5 SR AR AR LR 4. R 4, Pl AR A5 4F
M E 2 A RIE TR, dbiExh i 14.4 12 m® NEE 6.8 14 m?, [EIEJy 52.9%: M5 FFufith 8.8 14 m® T
M2 4.9 12 m3, [RiEA 44.4%.

4. ALESHFRITHEFRREHTE

s KRR (12 m3) RAJE (12 m3) Wi
ZETY BOME BOKME ZETE RUME BRI 2ETF BOME BORE
JbiE 14.4 5.2 30.3 6.8 1.3 19.0 -52.9%  -754%  -59.9%
S0 8.8 3.3 18.0 4.9 2.1 9.0 —44.4%  -357%  —99.6%
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] —— JtiE
30 4 — BEIF

ERRE/

1960 I 19I70 I 1980 I 19I90 I 20I00 I 20I10 I 20I20
Fy
B 4 tESHRITEERRERTRNER

43. FRRERTEH I

AR AR 73 b7 H A3 B SR 7] 4, Al 2R AL 5 8l P33 (B DR/ 5 4F) % 78 AR AR R IR
HITHIHATESA T, 198 1961 425 2020 FMEAR EE A K, s 5 Fros. ME S Hars, A8 T, b
EE M FIPFEARE A R R T RES, G, s SO R LTS, bR PR AR T
PR LIS 5 PEE 5 AR AT SR AR B 5 EAT Mann-Kendall #& #5041, JLgE L 5 514 6, % 5+,
FASHT, LSRR ES LR Z (H8-2.32, 2R FHFES, HiEid 0.05 2EMEKT(Z] = 1.96) 1A% ;
M Pl Z {5 9-1.85, 2 R, @il 0.1 &K (2= 16485 . RS, JLENERRESTHRE
ZAE)y 2,67, RIIE BB, Hiid 0.01 BEMKF(Z) = 2.58) kL Mz bruh Z H5-0.06, LR EiE
HARN,

1961 2 1970 4FVE IR (AL ) 5 I 38 (7 5 BF) B A S5 T B I &2 43 700 4 474.8 mm &5 486.1 mm, 2011 &
2020 4£ 4 557.3 mm 5 523.3 mm, 2RI H0 T 17.4%H1 7.7%, % X 4 RE K B (R 25 Kk ) K EE B
SRR BRI AR AR R N MR AL, A T B P K B R 0 (R R P JE g — R .

4.4, FRAEAHE ST

WRIGAE R S 3 2 R /T e PR, RATESE Morlet /NE A Xt 1961~2020
FERFARIRE A AT R 0. O TIEBRK a0 VR B s me, X IR FRAIEAT 1 b ab e, 14
BUALIE 5 KPR AR /N R B I S /N R BT 2 L Wl 7, K 8 B LB S M E IR E P
FEREAN I I TE W B 0 LR AL, L 7(an) MIIET 7(ba)s AAIZT 8(a)hmr&n, ISl /N T 72 85 i
KXW, W5 E X EBNE AT AN, EBAE G, WIE 8(b)hmrH, JuiE 51y
FEAE B RIS [ 7(ap) hobiE v 2~8 SR A AR, 2R EAE 1965~1970 4F; 5] 7(hy) A X B3k
2~8 LRI A R EL R, FERAAE 1960~1973 . AKX MM ERREAEL T LaB et )s,
P ZBARFE R A, By 2~8 s, LR8N 6 &, ERKHN EEFIS E@HFs RS R
ik

A5, RIEFERZREHEBTN
F A #EE NZEE K B 2 ) CWatM 7K SCRERY, fF SSP370 A KIE S IKEN ~, 531biE 55 s 2021
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% 2040 ARG . T 2037 SEARURE R O, FTRE AR R FA B, SO IO E R AR, Rk
1324k, SSP370 1 5t T AEAR IR F AR 35 B (U ] 9 P o % A6 54 S 8Pl AR SR R4 I &7 412647 Mann-Kendalll
R, HEERILE 6. EERRET, ILESERMER MG Z 0 1.48, FAEAEE FTHES: BHFRIT
SRR RS Z [ 8-2.34, 8T 0.05 WE MK (|2 = 1.96) 1RG5, FIERE TR . HEARTFRHK
IEFEJE W S R R E ST Z E8-0.42, @ 0.05 B HAKCHREL, FERMEFAEANLEE THFE
Ho BIRRA FILE 5K PEE 2021 & 2040 FERR R ZH-FE 2 51 11.88 14 m® 5 3.35 12 m3,

5. LESHFRITHEFRRE M-K EHBR1

e AT REJG
) Tau Z1E P& Tau Z1E P&
Jbig -0.29 -2.32 0.02 0.36 2.67 0.01
MR -0.27 -1.85 0.07 -0.01 -0.06 0.95
25
20 i
o y=-0. 27% (x~1960) +18. 59
5 154 AR R?=0. 188
< N ‘AK
il :
;{ﬁ 10 C | y=0.25%(x-1992)43. 35
& \ R2=0. 262
&
57 y=-0.21% (x-1960) +11. 37
R?=0. 167
y=-0. 003% (x~1985) +4. 94
R?<0.001
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