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Analysis of the Scheduling Response Patterns at Sanhekou Reservoir
Under Uncertain Inflow Conditions

MA Jianing, WU Lianzhou
(College of Water Resource and Architectural Engineering , Northwest A&F University , Yangling , Shaanxi 712100, China )

Abstract; The uncertainty of inflow processes is a critical factor affecting the robustness of reservoir scheduling in wa-
ter conservancy projects. This work focuses on the Sanhekou Reservoir within the Hanjiang to Weihe River Water Di-
version Project. By using the MCMC method, inflow uncertainty scenarios were generated. A simulation scheduling
model for the Sanhekou Reservoir, which incorporates ecological water supply was developed based on standard water
supply policies to analyze the reservoirs scheduling response patterns. The results are as follows. The variation in water
transfer volume from the Sanhekou Reservoir is primarily influenced by differences in inflow processes. However, ow-
ing to the reservoirs multi-year regulation capacity, it can maintain a stable water transfer process even under uncertain
scenarios with significant inflow variations, albeit with a relatively low assurance rate. Under normal and dry hydrologi-
cal scenarios, the annual water supply reliability rates are 80% and 40% , respectively. The project is particularly sus-
ceptible to water shortage risks during prolonged dry sequences. Under the standard water supply policy, the Sanhekou
Reservoir cannot adequately address the impacts of consecutive dry sequences. It is essential to introduce optimized
scheduling methods, such as restricted water supply policies, to enhance the robustness of the scheduling process and
safeguard the operational benefits of the reservoir.

Keywords : inter-basin water transfer ; uncertainty analysis; Sanhekou Reservoir ; scheduling response patterns

PSR K LA Sl A AR, KSR, X R K AR AT R B A T K,

6 U AN S U R A X ) B 2 KR SRS R AR S Sl KA I AR A

B VEUR I A F A A IR . R, 32K e A BN B R, SRk o R A

SR XA IS RN A 7 A P e R e R RK ARV e PR U2 e R R i R AR M S 1B AT AR 1Y
78 F 7 :2025-06-08 178 B #7:2025-07-21
EETE P e m B IEARIR L 55 9% % 11 (2452021083 )

EE BN A7 (2000—) , Zo W EAF 58 A, AR5 5 10 7K R FE o E-mail : mjning9404@ 163. com
BIRAESE R (1990—) , B 1l Bl #Ez, FENF KM IZ 1T 5K RIS 5771 TAE. E-mail: wulianzhou@ nwafu. edu. cn




55

T A8 BT RN RE W A =0T 11 7K 2 3 J8€ 1o KL 23 # 47

SCHEPR R B, o R AR KA T M P R
FRSEMABIE S, TRE T I I P 8] B I S Al

] P A2 0 TR KON M K R B s AT
W RFFJE T T2 (MBS, Liu 2% 0% 1 140 iy
1 AR RS TR AN 8 5 A 25 5, M At
B B DU W BE RS &5 LRI 5 TR T K 2 K L R JEE
R, R T R AR B SRk
Gria ATl AR I R K ANBE PR R, 4R T
FET IR G A Y AR TR I S 1R K
AR T 5 BHLA 15 R A AU 8 7K H
i K LA TR EERE AL, S 7K v il 3 0B AT $ Ak ke 5K
A o Shu 60 HE ke /K X ) B K FE 2 B A 1k
A P RUZAE T MIRE DX R AR 254 (0 A AR R 15, 1
T HE R OK TN — 6 15 7 SR — X [A] XU 4] 47
— PR RS BT ER A HESR , SEBE 1 R ARAR A
T NBOKXBSE HAR. 25 BBk, [ N Ahai 2 JOokK
A R R XU o A SRR A DA U T R
OB ST SR RIS AR , (5 H AT F TS Z 46 h Tk
R JBE X T e K TR i XU A B

FIBUTEIE AR B 7Y 4 5 K 14 25 0 4 7K T
R, =] K AR TARRRIIE AT 1 20K, BA
ZAEPTRES) A BT R G e T oK R T A
SCH ARG =3 UK PEAER KA 2 25 1F B 11817
AR, B ARAKORN R SR LR S AR, WY
TSGR T S B M K AR A B e, [ ATy =
{0 10 7K P26 e S XU 8] AR e o S04

1 WFSEXHRESL

QN1 s, =] K Ak ZE 04 o BT LA
b AR L DX A TRT e 75 B, 2 B P 48 e K B B O
BRRK TR SIBEEE TR EZKEZ —,
WA TR B BRI B ok al .
SRR EDRE G : QWA 5448 T Wi
WAL RE s @QFEB A R LB 1 T, 1588 4 /K Bk
BIHK ; Q8 AWK R B K B 2 K R
H A2 K X K TG 2K, BE RS R =m0 1 AT 396 AL 2 4
AKEN = KRS TR R,

HR A =307 11 7K 2 1954—2009 4 A AR i & 5
T ZHE R R 8.61 /2 m® , F/KI 7—10
HAEma SERTED 67. 4% , KIEFRT 8 R 24
S AR AR K 2 B =3 K R AR
Prfa it B HAPE AR AL B S, A 50 3 B R A AR A R 325 4F
AR ZE T A I i VU B e 7—10 H .

B

||||| GEo)

Bl
- KX
o QW

Bl =aAkEMEHLE

18]

16
214
£
=12
@ o)
bS
e 8
B o6l
<

al
2L
1960 1967 1974 1981 1988 1995 2002 2009
fHﬁu\
(a) =0 14 42 it 48 AL 1% i

18[

1.6} _
‘a1al —
=12l
X
=10
]

208
&
= 0.6
< 0.4 {—w
0 H
P 0 R

102 A1 A 2A 38 48 5A 6A 74 8A 9A
At
(b) =¥ M £ 4 V4 A fii

B2 =AOKERRELER

2 WFsEliik

2.1 RAAHEMERERTIE
211 mARAG A B H A

FIE XIS MBS A RS S, LK
R 7K AR AR K SCERAEAR N AR BRI Br S BE A B 2
JESPE R, e 4 ) — ol 2 A SR 0L B A 3 K S
PR SRR P o A, O S B =30 11K
PR RE IR A3 A T, A% S AN T 43 A ( Gam-



48 IR S TR 4

52 %

ma) ., J UM AR 4> i (GEV) IR 3 IE 25 4 A
(LOGN) 1% 4y A1 BREL, = Fh 43 A1 eR BN A 350 R 5
U FEAK G Tz g

HF =R E PRI 20 A BB, AR SCR A KS
5 RMSE Fi1 AIC i W0 ff 22 K 7K 5 91 S P 30 4% 53
fi BB A 360 = AT s KS #h Ty ik
PIAG 06 10 2% o8 8 14 15 F s @35 T RMSE 45 HR4F
GG LA BE AT AL 23 B s @ 3 ATC i
)5 1 B 00 4 30 46 3 A1 BRI
2.1.2 BRITR-FZHFF 7

LR Al R -SFER P (MCMC) J7 6 DR e R4 4k
FEAIL ] e L B Ay i e 2 PR AR S B0OA A o M R Y
T HE . MCMC SR FI XU B i i ok #5280
F49 F 83 A1 < S 20 A 35 5 I BRI 14 /R AT e 14
FaI s B B o R MK B AR S0 56 R o S R0 iR
A, i 0 e 1 R B 0 S T R T e B A M
G L TR JEERE A IR H R
AR BIREA R, Hf L T 5245 R A .

AICHITERE R B ik ORI 5 55 Ky
= O AR R A A 28R, AR B S U %
PEMER A3 A O BEATL IR ; @ % AT A5 S E0BCRE(EL 1Y
A HB TR R Fhr T -7 ik (LHS) |, Xt
SER R R AT R NG T2 T, AR
TRNE 3 R,

SRR

FERAKIT51

8¢5 25 A
HIH A KN
lI\S RMSE. AIC
HIRKIF
S5t s A
l oz KAUGRA i

ZHANG SR

BUUF 5 1%

EVA N VT
RUTRNEIN

KAKBLL) 51

3 BRI RINREE

/R A Jead A, ARG 5 AR R LI e, 96 2
PR PR o Ao {5 24 i LI (L 1Y 45 AR %
oA U5 Bl — UOWLI A 5%, Tk 7 T A 2 i BT
AT (LI, D) AT LA 2 S A R — B B R R i
Be—Br SR B REEY R, SIABEIRE LR 2,
(1, MYz, IR —Br R ] Rad B, HAL T 2, 1)
MR HL AT —ARZS 2, PrORGE oz, H 2 —IRASHEAZ

NI — IR IR TR IR S FE R, AR HE
M MER B2 ] LG i RS FE A A SRR o

Ay An Ag
A=Ay Ay Ay ()
Ay Ay Ay

rhdy = q(z, =1z, = ) FoRRB AL i 5
Fj IR HAWRO <A, ST R Y A = 1,

2.1.3 kAR FHBBMETH
HY T 7K S8 B A B s RUBE B 3R B S 650 o Al
P, KON TR GAR TR BENLIBGR , B & S K B AR B v
RIS X, Wk T 2410 RS B 2, HALS 2, M
5 BRI S AR ARAR AR A 0 A R, B
A RIS KBRS R AR R A
S FRGEE” R, NI T AR A B &
IRBFIRAEAY, AR Y B & RS | w43y F20K P
IK B IK KR o
ARWFFEAET IR B A R, Rl 32 2%
I3 RS — T Copula BRS04 R, SR T 50
At SRR SCAER 73 B AL B SR, A AR 2 % 0 A ik
P H AR I, BT AR AL A8 ] Y 5B AR R 1
RIRRFAE, B A B 0 85 B 3 N BE g 0 B
P . =G Coupla sRERIFEATE RN -
W,y NIES RS &, I A FF7EME— Y BRI K
T2 -
Fx,y) = C,(Fy(x),Fy(y)) Va,y (2)
HH:C,(u,v) Jy Copula &Y, 6 2 Copula TFEMSHL
Copula pREILIT N 3 28 IR BY | UK BUAN Ar-
chimedean % | 7K 3C 4035, % ] Archimedean %! Copu-
lag PRI, ASCE S A Kendall Bl 56 R 8w 20 11
B = UK PER AL FEAR G S B, B 5 A B 221
T FAEDZ: (OLS) DA K AIC {5 B HENDERIEMN LA 40
J& , T 7€ At Copula pR%K,
2.1.4 BREMENH K
TEKIEIZAT I RE R, ASHA R M PR P B Lot A
AR R 22 B A XU o T AN 1 SR S
{E SRR 1] R 2211 o 15 22 4 % 43 A ok ol o
BRE 4% IR T2 2 (9 3 A DT A B ABE R T4 7, T
5 3 A BALNR 2216 52T AT 81, KR8 -
q, =%, +¢& =f(X,) +¢ (3)
e q, A EPE B 7 105 R ¢, FA(X) AS
1 0 P DR A T A B T BRI A5 &, 8875 I X g 1Y)
WE
TELIE A2 52 7K XK 3R O 2 H AR I 7K L
P SRR FE B AT EPER 7.



IHEET, A5 BE TR KN RE M B89 =0T 111 7K P28 8] B wig 1oy KL BT 49

2.2 SRIKAWE T =M OEE EREAE
2.2.1 FjRAZBARGGBDGEFEAER M E

PRvEfL 7K 58 1% ( Standard Operating Procedures,
SOP) 27K 2 Jir B $2 L (1) ) W] fig 22 1) 7K o DA 2 4
H I 200 1T P K 5 3R, 2 ik K S dee /0N 1Y O R
A o KT SR, A A LT SOP SR 19
PP ERRY 25 1825 H K R I A AR i B 32 K IX.
(R AR TSR B T K L, 5 A TR
RIHESE AT K 5 S b A] R K 8, 76 52 BR AT R K
T AUV L PN e R JEE 1) 52 K X K, S 7K 5 AT
A RIS, LKA & AL SR 20 (5

AL A =R K PESEBRAE O, 152 BB AL 11 5t
FAF: O TRIMAK ZAEF B FTKER 52 m’, %
KR 5153 B0 s QBR % BAMA/K TR K Ah 57
FRASHER, BCE A SRR, PRI B K
BRFAEBIER (2. 71 m*/s) ; @LE FEAK AL (558
m) AR PEHK AL, Fie HOREE AT REAUL I BE 5 @ 7E i
WA AR I Bt P i R K i A S K A
KL
2.2.2 #HREM

AR SCITAL S A BADL R B AR FE DL 2R 2

7KK P B 2 o 5

{Vi+1,j,s = Vi,j,s + Ii,j,s - Qi,j,s
4 =V

N+l j,s

(4)

1,j+1,s

KAV, Ve, e s I s T 7RSS j AR A i B
G R ;Ii,j,; 0 Qi,j,s 3R s ‘%%—Fﬁfﬁjfﬁ
HER B K E ARV, 0, RS s TR T
TESS ] + VIR PESS s Vi, S s TR R T IESS )
AERR RS N R BLEER
Q@ KR RN
VL, <V, < VU, (VYi,j,s) (5)
K VU, F1 VL, 53050 K RS I b R R o
@) A= B R AN
q.(t,j) =2.71 (6)
K g, (¢ ) ABRIMEZK LS N TE T2l
@ K WAL I 2 R A1
q,(t,j) < Q" (7)
KHraq, (e,)) F1Q)™ 435I A Sk FL I S RO 2o 3t
R H
G| G
LRI RTET 0,
3 g5 Pr
3.1 ZAOKEFRKAHEEESER
3.1.1 1 % kKB F D G T B A
FI R KS #:56 . RMSE F1 AIC YA 5 =TT 11K
JBE 1954 47 A & 2010 4F 6 A kKR b4 A Sk
FEON A e G5 5, = Fh o A AT S50k 145
KWL,

F1 ZAOKEARERKIEBEZZEIHIHERBHEER

I E MR L i 21
Gamma GEV LOGN Gamma GEV LOGN Gamma GEV LOGN
KS 0.110 0.122 0.112 0.095 0.072 0.057 0.119 0.080 0.071
RMSE 0.045 0.045 0.040 0.034 0.029 0.023 0.054 0.032 0.029
AIC 164.07 171.21 166. 06 148.08 150.97 146.38 164.96 163.90 159.65
- 10 A 11 A 12 A :
Gamma GEV LOGN Gamma GEV LOGN Gamma GEV LOGN
KS 0.076 0.048 0.059 0.098 0.050 0.059 0.099 0.103 0.097
RMSE 0.032 0.019 0.023 0.042 0.020 0.024 0.035 0.040 0.031
AIC 110.91 113.82 109.98 -4.40 -6.16 -7.95 —-133.68 -131.36 -132.22
MR = 2 S
Gamma GEV LOGN Gamma GEV LOGN Gamma GEV LOGN
KS 0.083 0.061 0.108 0.091 0.089 0.112 0.173 0.071 0.139
RMSE 0.030 0.026 0.040 0.032 0.032 0.040 0.068 0.026 0.048
AIC -188.11 —-188. 66 -182.84 —-209.03 —-206.94 -207.32 -111.35 -123.44 -119.58
FIE AR o - > o1
Gamma GEV LOGN Gamma GEV LOGN Gamma GEV LOGN
KS 0.106 0.075 0.086 0.103 0.080 0.0064 0.134 0.105 0.095
RMSE 0.051 0.032 0.031 0.041 0.034 0.027 0.059 0.037 0.034
AIC 3.90 -4.30 -4.04 61.25 61.71 58.77 75.80 66. 89 64.20

T BOFRCE T N IR A T 24



50 KA 5 R TR 24

523 %

ZoRI, =] 1K 45 H ok /K B AR b S B R
FEMER A A RLAE B X = Bl ) 43 A 2 R A AR A
A5 RIIRE] 0. 05 (1) B WK, IR AT .
2 1Al H oRK A =R IR oA s S 3
RAAA, 2,7 A 12 H RS 2 A A5 fi
b Gamma B AR 1 H 3 AR 4 A EE 455
GEV 47 S 4F T 8—11 7 UL S WAF 5—6 F 1942
TN LA LOGN Sy il A s R e i o /KRS H Rk
TR T A i 38 43 A bR BT R 17 A A 3% i 5
BPALERNZE 2 PR,

®2 ZAWRAKEEARKELGHHRBSHE

Aty srAiZesd ¢ r m a b
7H  Gamma 2.0055 0.8604
8 H LOGN 0.8627  0.0096

9H LOGN 0.8974  0.0882

10 4 LOGN 0.866 -0.3205

11 4 LOGN 0.6416 -1.0766

12 /] Gamma 7.0211  0.0281
1 H GEV ~ -0.2035 0.0409 0.1169

2 Gamma 9.8976 0.0117
34 GEV 0.4412 0.0500 0.1226

4 1 GEV 0.4700 0.1454 0.2713

5H LOGN 0.8312 -0.7399

6 H LOGN 1.0425 -0.9132

3.1.2 RARRA M F AR
EH Gumbel Copula 55 Clayton Copula pRZAE N
W PR, PRATIDL G A BE T4 R B , =] K
AR IS T Calyton Copula, K =] [
KoK R FAGIE B> 9 FiE O, TR = HK
JERIRA A AR H 13 18] 1) 5 RS AL 3R LR, =) 1]
PEEIA—fRh 7 HBIRAE 6 A, & H Rk & IR AE
a3 ok e I s AR it S HRE A L B U Bk 10 2
iy, MEREE R TR A RN 3 i o
R3 MEHBEFETEER

P [ 5 2 et i aE +
H 0.036 0.109 0.073

T=1 - 0.127 0.218 0.145
ES 0.055 0. 164 0.073

=] K SR K R B AR )R] B A e AR R
PE AN S AR BRI B 00 E ARG AR fb ka3, HLAFE B
“FRG B R R . TR AR R R
(MCMC) REAEH A 520 285 S P 38 5 A e 1) L e
DA BCRE A JR B A AR S AR IR SR mR B AT A 5

P ST AL SRy HAT PO A BEAE AR R

g5 b AR TR MR A A A Bk AR
B PR s, e i R 2 A R 5%,
Xof = 9A] 1 4% ¥4 A 1 000 20 B 843 i T 75 371
FIFHL T BT kRS 1 000 2 B 5L AR AR I
G ARIEIRETFE R HE M A B s ik AT 5, 15
2| 20 41 15 FFARRALIE 5, KoK BB AE SR
K4 FE S s

5F

&~
T

w
T

H

1
¥

% 1
S

KK E/(X10°m’)
ro

{

§
3 i 8
1

il | i
(1T

o 1r 121 2 3 4 5 6
Hin

4 ZARAEARKTEEBER

w ES (%3

A KK B/(X10°m’)
N

o T Y N N VN y A
20304F6 /] 203546 1 2040476 1

5 ZWORKERRIEBER

FHIE 4 A& S AT, = 0 H RBERK KK &
HIBSE RIS A W2 A Atk da 3, 5 S Ay
G| — 5k g [ A 1 TR A K R R K B, BB AT
SIS 25 T i A, K R AN 45 R h 247
SRR L) 7. 442 KK SR K R
SERAKEA B R 4.07 {2 m® 1 8.45 {2 m* 5T
G| 22 FE PR A T il A A B R A AR R

PLFZK A F 21817 B AR Rk R g,
i 7K BT K 8103 2 X R K 46 R 7 A AR S
RIIE, e AR 80 1 000 21 25 0ok K7 517 50 v, Ji 2t
PHAEAR K AR AL A) 1) 5 R A58, Ik Kk B oAk 5
TR BN, A SR K AR S R SR D AL
TR R, AT A 75 107 X6F SFe 7K AS A R P 6 Wi i
A, TREARIFRZKE S5 At B A 6 iR
3.2 RIKAHEE T =m0 4tk me Rz #

PISR KA 22 PEAE 5T A7k BT /K M e 3 4
S 3K Bl = 30] F1K FERL LR AR A | 5 K



55

T A8 BT RN RE W A =0T 11 7K 2 3 J8€ 1o KL 23 # 51

ARSI R AR A B M AN E PR
TR L R A R MR LA

10

4 K B/(X 10°m?)

2027 2030 2033 2036 2039
&

E6 IRETAFBERIENR

3.2.1 AKE

=] K PEAE R 5 | DU T B R K TR
IR XK PEZ — , B ZAE R D RE , S 432K
XA LT O R A LMW L, B, ShFA KR
VY = KR TR LR ) M B bR —
H KA E NS SR =30 AER 15 4ERI R K 51
KKy A R K B B K R AE S A il 7 B o

1.0

0.8 S .\ ’ ‘ 1° 1
0.6 ‘ {

“— | - _
osmt T W L' IR ?

024 /.

MK AZm?

0.0

T T T T T T T T T T T T
7H 83 94 10 nA 12 A 2H 30 4H 5H 6H
EArit R A

B7 ZWOREKEREEKE

1 7 TR = FK R A K B A
Horp WK P9 R Z 42 IR AT SRIRK , 224512 K B
4.78 42 m® FFTEBOK LG (HAR 25 T AR 15 AT
SN, PRI AR SR R AN (B K 5 AR
IKBRAEAAL A 40% , PRAEFREBAR ; QTEF KT T,
F T /K AR TR PRI TR] B U K I 3
B2, WO BE s AT IS & A JR/K B O3 AR, 5 Rk
R, A K QR UE SR 29 2y 80% , 7K o 72 He A
Y AR 2K X T K A s AR (I T LR
H S FETRIT AR PRI R 0 ) A 47, =TT 11K 22
ol B, MR KON AR K BE T B2 e fec ke,
HLTU = R R K SRR B AR TR B0
e

3.2.2 AABKE

A8 =0 H K PEVR K R v o PR B — o i A 2
TR, DLAERAATE 15 B9 A 2875 5K, I, AR S
S LI, AT e KA 5% 4 K P28 AR 25 oK B
Kl 8 Fli.

|38}
w

=37 /K
E=TY/N

= — —_ S}
w (=] W (=}
T

2 &
=)

A 25 BEUK E/(X10°m?)

2027 2030 2033 2036 2039
8 ZWAF&ESHAKEHEER

HiPE 8 AT DFE IR R 5T, =) H K
AR BN WA KIS SR AR
PRI AR TP 7K1 57 5 @ KA SR K A5 5
=] K 22 AP B AR A K B e i 0 1L 74
2 m il 1. 47 42 m®, A 35 3R AR /K AR UE 3 2 8 oF
90% , ¥ REI AL T W T3 A 25 5K 5 QX IR /K i A2
P AU IR AR TR I A T St K Y
B 2 3 B o3 I BEJE K S8 MM A PR UE R FEAIT,
e, JESiaty i ik — A FE R SR T S A K N AR
1BAT FPRE AR S S AN RK AU E R
3.2.3 A9=&

BRIAZK PRUEAEZSSEIIRESN , =T LK REAE4E
Fp— s KA B, F R 19 3 2, A3 2 S MR 7K
FEAC N bR R E, B3 A AR LT GR , BOAR
SCERFE R R AR AR — P = R s T4
PARR AN E 25 K EAR A R ANIET 9 B/

2039
2038
2037
2036

2034
2033
2032
2031
2030
2029
2028
2027
2026

SEATIH A/

20 15 10 05 00 05 10 15 20
RHE/ALKW: h

9 ZAAFELRBEETEER

H1 &1 9 R D =30 1K PERG K 56T & ML
AR TP oK AE 5t ST 5T K R AE AR R,



52 KA 5 R TR 24

52 %

HIRA LIS, K PZEBA AT KSR Kk,
PR AR R @ F K SRR K =T 248
Wk EE4 3 1.21 /2 kW « h F10.96 {ZkW - h,

TR

AR SCHETF RN R P15 5 T READL R AR A
Rl TR S BR 10 438 5 SR K B N R 1 IR,
F MCMC AE AN 2 PR 57, i F AR v R K S 4
T A A AR 1 T T K A DL R A AT
AR 2 M TR AT LA, EZL5IB AT

(1) PR T 24 VKR 7.06 12 m’,
AR A SO R 1.53 ¢ m’, ZAEFH L R
1.21 42 kW « h, o, ZARF R K i & TAE TR K
&, BB SEPR KT R o MK = 2411
KA 4.78 44 m® | AR A SRR 1.89 {2 m’,
ZAET- IR HL R 0.96 42 kW - h, Hirfr | 24521
KA FHET KR, 5 R AEBKBEIR,

(2) =] FI7K PR 7K 7 e 2 v e /K o 7 2
SRR R, =3 1 A 2 AR TR B AR T AR K AR shg
UL B AN PR PR R A 15 5 T AR BB AR RN
R PR ARG AR (R R UE BRI, P K SRS 7K 1 5
AR ARIE 2450 80% Fl 40% | JiH % S A
K3 v R 2 T AR ) B A XU o

(3) HeHRFREAL AR IS IZ TR B0, =W K
JE TGk R SR 7K 8 B R 0, L 51 A BR il 13t 7k
W SEILAL IR EE Ty 2, B2 i 32K X K G A e
TRBRE A R TR 7K 2 4

S 3k

[1] Duan Kai, Caldwell Peter, Sun Ge, et al. Climate change

challenges efficiency of inter — basin water transfers in al-
leviating water stress[ J]. Environmental Research Let-
ters. 2022,17(4) :044050.

[2] Zhong Huayu, Liao Tao, Fang Guohua, et al. Deriving
water allocation schemes for interbasin water transfer pro-
jects using a novel multiobjective cuckoo search algorithm
[J]. Journal of Water Resources Planning and Manage-
ment, 2024,150(6) :04024016.

[3] Nikoo Mohammad Reza, Karimi Akbar, Kerachian Reza.
Optimal long-term operation of reservoir-river systems un-
der hydrologic uncertainties: Application of interval pro-
gramming[ J |. Water Resources Management. 201327
(11) :3865-3883.

[4] Liu Hongrui, Sun Yuanyuan, Yin Xinan, et al. A reser-
voir operation method that accounts for different inflow

forecast uncertainties in different hydrological periods

(5]

[6]

[7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[J]. Journal of Cleaner Production, 2020,256:120471.
TRIBEMR. 25 A K AN 2 1 4 7K H v 4 L G A 9 B2
FLD]. KU AR, 2021,
Shu Zhan, Kang Yan, Gao Ying, et al. An interval bilat-
eral regulation framework of water resources supply and
demand in irrigation area under water sources uncertainty
[J]. 2025, 307.
109266.
T B JE T IR A% 32 (K R 22 H Ay i B2 U 5
FRPEPEDFFE [ D], VU2 P4 22 3 TR, 2022.
TR =0 K PR R KA K AR A R AE B H R R
WRID]. V% Py R %, 2023,
A AR E VT B b i b SUK PRI 5 1 2
TR D], P42 P42 3 TR ,2024.

Katz R W, Parlange M B, Naveau P. Statistics of ex-

Agricultural Water Management,

tremes in hydrology[ J]. Advances in Water Resources,
2002,25(8-12) :1287-1304.

PEM. 51 DUTHE B U O K AR 2 H bn XU
W[ D] P2 P44 BT K%, 2020.

X A AR DT e S B A K SO R AN A
flit I [D ] BB iRBUR 2, 2023,

Zhang Li, Zhang Xinyan, Leach Justin M, et al. Bayes-
ian compositional generalized linear mixed models for

disease prediction using microbiome data [ J]. Bmec

Bioinformatics, 2025,26(1) :98.

Casarin Roberto, Craiu Radu V, Wang Qing. Markov
switching multiple-equation tensor regressions[ J]. Jour-
nal of Multivariate Analysis, 2025,208.105427.
MAEETC. THR BT USRS R 2Ok [ D]
Jeat iR, 2022.

Cho Minjae, Sun Xin. Bootstrap, Markov Chain Monte
Carlo, and LP/SDP hierarchy for the lattice Ising model
[J]. Journal of High Energy Physics, 2023(11) .1-26.
Chai Fuxin, Peng Feng, Zhang Hongping, et al. Stable
improved dynamic programming method; an efficient and
accurate method for optimization of reservoir flood con-
trol operation [ J .
2023,37(14) :5635-5654.

BRI 51T TR K X IFBKEE 2 B br i
WEFELD]. P44 PI 2B TR, 2017.

Huang Xin, Xu Bin, Zhong Pingan, et al. Robust mul-

Water Resources Management,

tiobjective reservoir operation and risk decision-making
model for real-time flood control coping with forecast un-
certainty[ J]. Journal of Hydrology, 2022 ,605 ;127334.
Xu Bin, Sun Yu, Huang Xin, et al. Scenario-based
multiobjective robust optimization and decision-making
framework for optimal operation of a cascade hydropower
system under multiple uncertainties [ J]. Water Re-
sources Research, 2022,58(4) :1-28.

(F4% 112 )



112 KA 5 R TR 24

52 %

gEf SRR e T
B AL X RA TRNKFENERE
Fal & HILAN I, Bk R RGO

STk

(1] % BAL 7.2 %5 PUO106.2 il i
FREWE ST ] RIFEH 40,2024 ,45(S2)
71-84.

(2] BURME W 5%, DKWL, 45 ) 4% Jon [ 6t 1 (A 45 ) 47
FEPERELRER [T ] MG 2R Tl K241, 2017,49 (12)
184-188.

(3] BRflg, % 2,40, 55 ECC )2 m & URM ki Ht
SIPEREDFFEL T ). AR R 2a i ( A SRR 2 , 2025,
55(5) :1426-1434.

(4] s, x| W, it FRP Ji B 920 5 4 6 S A il
Lo EIAERATIELT]. AR TRk ,2009,42(10) :1-7.

(5] XEHARL,Z= 2, JUTmES. 5K 109 = A 1 R 58 + o [ 6
M 032 HEPEREIR IS S 3 ik gE [T ] LR 27,
2021,38(5) :61-71.

[6] Ranade R, Stults M D, Li V C, et al. Development of
high strength high ductility concrete [ C]//2nd Interna-
tional RILEM Conference on Strain Hardening Cementi-
tious Composites. Rio de Janeiro, Brazil, 2022 .1-8.

(7] S50, WA, Bk, 55 25 BB AR 70 R P R
i) HP-FRCC i gl RE M Sy PERE L) ] KA S 31 T
4R ,2024,22(5) . 125-133.

(8] SRNIME,FBHH, B 5,55 M m TERETR BE 1 - DEAT
IR GE L S THORS A PERE B ST 23R [T ] R AR,
2023,37(16) :144-154.

(9] risms, WRasal, & 48, % W2 BUTF R EA A A
it G g [T ]. B & R R (TR L2024,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

46(4) :420-428.

Billington S, Kyriakides M. Cyclic response of nonduc-
tile reinforced concrete frames with unreinforced masonry
infills retrofitted with engineered cementitious composites
[J]. Journal of Structural Engineering, ASCE, 2014,
140(2) :441-454.

10 PR e A g 2 4 RE X 36 5 vk A o : GB/'T 50129—
2011[S]. Jbnt: d 5 Toll S gl ,2011.
T 1A 235 g TP it L o 2 3 AU 9 : B 50203—2011
[S]. dbxt: s E S i ik, 2012.
SRR, i ST, 52 N, 9. UHP-ECC Jii[# 180 mm
JEERE AU BRI I T T[] TR R
ShnRE e ,2025,47(2) :166-174.
WA UHP-ECC i [ WEA % B A4 32 I 1k g il e
WFFELD ] A - AE I e, 2024,
W% ARG 7 1% : GB/T2542—2012[ S| Jb At v [ 4
Bl H AL, 2012,
A A I HE AN BB 1L J7 5 AR v JGI/T 70—2009
[ST. dbnt: s EEE Sl Rk, 2009.
Huang W, Kazemi-Kamyab H, Sun W. Effect of cement
substitution by limestone on the hydration and micro-
structural development of ultra-high performance con-
crete (UHPC) [J].
2017,77 :86-101.
o A T 4 9 5 K U8 A bR s R e IR T
. JC/T 2461—2018 [ ST. b5 o [ B A1 Toll H AR
#t,2018.
Deng Mingke, Han Jiao, Liu Haibo, et al. Analysis of

Cement & Concrete Composites,

compressive toughness and deformability of high ductile
fiber reinforced concrete[ J]. Advances in Materials Sci-

ence and Engineering, 2015,2015:1-7.

(E#% 52 )

[21]

Alimohammadi Hassan, Bavani Ali Reza Massah, Ro-

ozbahani Abbas. Mitigating the impacts of climate
change on the performance of multi-purpose reservoirs
by changing the operation policy from SOP to MLDR
[J]. Water Resources Management, 2020, 34 (4):
1495-1516.

[22] Ngamsert Ratsuda, Kangrang Anongrit. Applying of ma-

rine predators algorithm linked with reservoir simulation

(23]

model considering sedimentation for reservoir operation
[J]. Advances in Civil Engineering, 2022,2022.1-15.
Zolghadr-Asli Babak, Bozorg-Haddad Omid, Enayati
Maedeh, et al. Sensitivity of non-conditional climatic
variables to climate-change deep uncertainty using
Markov Chain Monte Carlo simulation [ J ]. Scientific

Reports. 2022,12(1) ;1813.





