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Abstract

This paper improves the Xin’anjiang model by adding the snowmelt runoff module (XAJ-SRM) and divid-
ing the watershed into a low mountain and hilly belt and an alpine snow belt, and studies the mechanism
of their flow generation and confluence respectively. The SCE-UA algorithm was used to calibrate the pa-
rameters of the model, and the determination coefficient and Nash efficiency coefficient were used to
evaluate the model performance. Taking the Heihe River basin as a case study, the proposed XAJ-SRM
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model was compared with the Xin’anjiang model. The results show that the determination coefficients of
the XAJ-SRM model are around 0.7 and 0.8 at Zamashke and Yingluoxia stations, respectively, and the
Nash efficiency coefficients are also above 0.6, indicating that the peak flow and flood process can be
well simulated, and also showing that the XAJ-SRM model constructed in this paper can be applied to the
flood forecasting of the Heihe River Basin. The research results can provide certain technical refer-
ences for flood forecasting and early warning of other snowmelt-dominated river basins in northwes-
tern China.
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Figure 1. Water system map of the upper reaches of the Heihe River basin and an overview of
the underlying surface
1. B BRIk REA TR E IR

2.2. B

Fnl s - 2SS DEM Bl . SR EdE. AKCCERE U R T EE . b, DEM 8 Sk s T b 4 (R 5
Wz, #3090 mx 90 m; ARGEHE  EALFE U N Gk s Y E R AN P SRR, SRR T R ER
GG L 29 (http://data.cma.cn), B IA]F 414 2010~2019 4F; /K SCEHE 32 B FE K SOl () S B s, 1 E A
WIAAL DA 7. FRE .. Bk =K 2010~2019 ERIZH R E RS, AT MK SCELS A, s

DOI: 10.12677/jwrr.2023.124047 422 IK IR FT


https://doi.org/10.12677/jwrr.2023.124047
http://data.cma.cn/

G b 3 DR B i =5 4208 O U K IR AR R K 7 i 9

IR T Hr—1KH EOS/IMODIS P A%, #EH &%, XH MODIS i)\ H & KF % & 557 i MOD10AL,
FEik I HZaE 215 (3~6 H) AT B 52 ma /5 A 18 B I .

3. =B [HIE

TR GEIRH TR R ) DA, RDZRBORAESR . e, 0K, JLed . MAER GRS R
PP e JERE AR SR AT A AR AR AT 1 Gt R R R T AR YR AR S R SRR ) A
FFHs T Hi 2 A LD o B A L AR T PR SRR 0 B, RS AR

3.1 AREIRER

Ll e B (R R BOR AT AR U0 TR RR ] = IR A8 O 2 vy AR T 4 AT BLYOR AR IR AU, A
HREABK R

3.2. FERRIR

3.2.1. BEIKIALLER

Y 25 K 20 2 eSO BT VDA A S BB — 4y, 32 BRI A Y H I H SR S R I FHR R R 4
2 H IR T IR SRR, 1% H A KA B A PR 2 H IR /N T IR SRR, 1% H A 5K b
HENIESE . R

I:)rain,t' If Tt >Tc
(S 1)

P if T <T,

snow,t?

s PSS t HFEK, Prang A5 t HABERIE A IEIK, Poow A t HBABET IR AR K, TOAEE t RTH
R TOAME RIS HIG AR, —MBh 0T,

Btz Ab, 3 EE T B LI AR T i O AR e R, BT L B vy B L 7 2 1 X3, BT
PIFE AL 2 B AE, I 3.2.2 13.2.3.

3.2.2. MERRIER
D B o O = N e R0 Y A N 2 o £ I B o0 o ) O N 1% A RS R ol T N Y3
KFZ, PR FESRME, WeT Dy A, i an ~ A5 [8]. Hd, SWEM (Snow Water Equivalent
Maximum) Ay KRS K 248, RIS B il e SRS /K e & a s B H B (mm/(CC-d)), RIS
T VCHR AR F VR L s T AT B BEIR L . BIERKEE T TR =i id /2, BAE FiEik.
SWEMt _ {a'(Tt _Tmell ), i-f Tt >Tme|t

0 if T, <T,

melt

O]

323 BAMEEREBERNTREHE

SR T ACAE O B, R BRI A B g R 3 R AR A (B L B ), ISR X
(CUFERITEAE 1 P N e o /1 R AVAN = T P 0 = P MY 0] v e (S g D N e o T e T
WU AR A, PRl R e — 0 X 2 H P L o

1) ARl R =i

WRIEHTFEX I DEM AR A LR o, T i A A T SO X B A X, b P DU X v
WA TR e, 2 IR T AR T Rl T AR R . RIEIF A X 2 AR PR R, R RN, Bk
FHEUIBENANE, BIHEMEIFAZ, HRRESEFNESE D, DI DUBGE 5 %5
{1 3 — B

DOI: 10.12677/jwrr.2023.124047 423 TK BRI 5T


https://doi.org/10.12677/jwrr.2023.124047

G b 3 DR B i =5 4208 O U K IR AR R K 7 i 7

2) mlL AR 9]

%N A RA BN RAR m HAR S W EAUAR S X, Rl ss R SIS R KR F K 5, sk
PRk i, RS E. THRPKaEERER, JFHERMES AR LRS-l R A F K. 72
73 IR IR LLRE R B S M 2020 Tl e

MOl PRI AOURERT o BEI A0 AR RUE— 8 20 oK ) P ISR AR T ALBR 2 SRR K, 53— HB oy
KEMRE B SR, tatdil, PRI, HEKELRBIRTRIKEET), RIARKACK R
TR . BT RKRE /A HIRRKBE D —#F, EA A IARISME, FATH M ZR RS FKBE I A5
8. REA SRR USSR IO S &, B ST KRR T P S MR T RS . XA
P FE R T AR

PE +SW, . —SC +SC 1—PE+A1M+SWE if PE. + A< SCM
RSnOW,t = ' i M v ' (3)
PE, + SW,_, - SC + SWE,, if PE, + A> SCM
HA[8]:
SWE, = min (SN, ,, SWEM,) )
SCM =SC-(1+M) ©)

K Ronowt N A A7 P2 & SWE ASEPrmi T /K&, SN NIEHETE, PE NARPEWNE; SW N
HEKE; SCHME FIRKAE R, WS FIHRIKEET], SCM AHE KA A NS RIKE S Zn N
PALKRE . X B RS P I T P K (PE) 5 RS T Al (SWE) /N 43 (1 DTk,  SWE & % H BT AR I R 4L
LK K.
S5 7 o SN R AT AR SR B ARG 0%, BRI 4
) A AR R B3 R T R I S E Trers W
SM_{éml—a(n—nlyifnznl

= 6
SN, ;. if T, <T,, ©)

b) A AHSR I R /N T R T e TR T WU
SN, = SN, , (@)
C) A AH AR R UL FEE (10 R 25 W TR s U

SM-{éMl_a(ﬂ_RM% if T T,

- 8
SN, it T, <T,, ®)

BFMEN: BOKIIERNES . i, BESIEARSEMEMGES S L, Sar70, WEHRETH
HiEm, FHARERNN:
Ryt = SWE, =min(SN,_, + P, ., SWEM, ) (9)
ML R B PR R ORYE TR K, SRR AT — KA KM BRI
(AT S R
3.3. KRR

I3 IKVEREBRATIR P A% G0 20T =K IERE AL F S8, D9t AR SRR AN R AR e RS & RS 12
RGBT 2 AR AR ey A AR S s LR R =, R B i 5.

DOI: 10.12677/jwrr.2023.124047 424 TK BRI 5T


https://doi.org/10.12677/jwrr.2023.124047

G b 3 DR B i =5 4208 O U K IR AR R K 7 i 9

X AR R, S SRR, I AR LS FE B ™ A AR A, 4R 25
R

I:Rrain = (10)
PE
SRR BRI MR AN T AL AT LARE T 3R K, 2 a5
FR — Rsnow (]_]_)

Y PE,, + SWEM

snow

Hort, PEgow T MR AR, ARl s AR AR RS W2 T 25

1+EX
PE +S—SM + SM -{1—[M) } ‘FR, if PE+AU <MS
RSrain = MS

(12)
(PE+S—SM)-FRmta| if PE+ AU > MS
Herbi RI AL S 48R RG A A R R BCHEATTHE
erain =KI-S- FRrain (13)
RG,,, =KG-S-FR, (14)
KA BRI, @l E® R RSy Rl RG 205 x5
{PEqy + SWE, +S —SM
1+EX
RS, =4 +SM .{1_( PEqou +|\S/IVSVEf + AU ] 1 FR,,. if PE+SWE, + AU < MS (15)
(PEqnow + SWE, +S—SM )-FR,, if PE +SWE, + AU > MS
RI.,, =KI-S-FR,, (16)
RGsnow =KG-S- FRsnow (17)

3.4. SCiRERR

TETASH S AL G 2 IO [ AR R, 2 3R Il DY IRANA T VLR =B B AASAEH B S
T AR, R R A AR A RS. RIL RG SRR ZJEHEATIFEL, B

RS, = RS, + RS, (18)
RI, =Rl +RI,, (19)
RG, = RG,,, + RG,,, (20)
FESHIRR B, HURARIR QS bRt QI Al RARURE QG 73 il i N it 5.
QS, =RS, -U 1)
Ql, =CI-Ql,, +(1-Cl)-RI,-U (22)
QG, =CG-QG,, +(1-CG)-RG, -U (23)
AETIICIH B I FLk
Q =CS-Q_, +(1-CS)-QT, . (24)
QT, =QS, +Ql, +QG, (25)

TSE LN 5 i MR HEAT 15

DOI: 10.12677/jwrr.2023.124047 425 TK BRI 5T


https://doi.org/10.12677/jwrr.2023.124047

G b 3 DR B i =5 4208 O U K IR AR R K 7 i 7

Q=Co- I, +C -1, +C,-Q (26)

A U BT R CIL CGL CS 70l s h it iR R 4. b R ARIAUH IR RENH RSB R %L LAY
TR . SRS, L O BIERE, Q N NIERE, Co. Civ Co NS stiit SR

4. IRBNRESHE
41 BERENSHESR

FEAL G TR R R, R ERE S BB E KRR WM. ZHORIT R R K, FE KA R
a4 B. IREEBKFRE C. AFE KA EE IM. A H/AKZEE SM. H HIKE 557 i a4 EX. He
TR AR R KG, HEA I AR H KIS 3R KIHIR R % CGL AP IR R KL CG. AT /K it v 1B &R % CS.
AU L ST RRESH KR X TAE 5 8 T AR 18T TR T, 38 75 ZHE UK K RE T SC.
N FFRKBE TSI RE M. TR 70l SR Tow AT Bl BB IR Toer A1 H BT a fE N/ E A E K

[FI, A GE3 I BR A Aa RS AR b, PR KRR R EE S R R WZE KK EE WU,
WL, WP DU H HIKKER Sy Pt IAR LE FR; VIR e 1 A A5 Sk AN IR T i QXo 1025 RE R S BB (1
LR, E TR EGEE SN RS B/KE SW AR MR WIERIRGS, LRy S G IR — 5.

42. BRSREEREERR S X

42.1. B3R

PG VT B (I S HCE B E LA TR, X BAEA PSS A RN BUR I SRR &

1) SRR L Toer

W LAB M RZY, RS Z4 A0 BUG SR 4.5°C, FEGSTRNT 0.75°C, 48 I MR A0 3 s Ak 7
B, ASO LME S E T FOR AR M5, %S B0 ELE 0.75°C~4.5C 2 i,

2) HHHT a

HRYE AT NI I K50 [10] [11], B H R EIEG WA, — RO ia e B AMIA 2], 5—Rian s
AR, BAE RN

a=11x2s 27)
Pu

Hr, p Fp, AR IR T RUKIGEE, WiKAE e, R H KT E EEIR TSI . PR
S5 [12] [LSIAHTEE R L AR O TR S 45 5 b X FRDUL I bl o, B 2 B B AR 2 7E 0.06~0.24 g/em?® 22 ],
FURE L, MRS ERE, %EANMBHRER, KA 0.3~0.35gem® Liti. AXSHOAHMFEARBE, K
J&£ H PR~ B Y [ ¥ E 72 0.6~3.5 2 [H] .

3) ME ik SN

HEMELRESLE, LFEFTRERK, REESE—BEJE, DUEE R, —kieiE] 30~50 mm, =i
R, (Al TEREER R, mUBRSEENRS RS, —RWEaS 10~20 mm A4 . ERILHK
i, AURELLELARRS 7] ¥ B SN BB 7E 10~50 22 ]

4.2.2. BYRERKEWTTE

SRR SCE-UA 5k, 2 J5iAREA RUR AR ML AR A S LA IR 8L, R APRIEEAT 28 ) BRI 7K SO
MK e Rf i, AR SHIRTER T 2N, BARR R 2 HSCER[14] . HRAE A SCHR PG
B, AR SOR I E P R B(R?) AN R R AU(NSE) R A SRR U ASCR A AT IPA . TH S A A

DOI: 10.12677/jwrr.2023.124047 426 TK BRI 5T


https://doi.org/10.12677/jwrr.2023.124047

AL 1 DR 2 i

PRI K TR AR K 7 i 7T

5. GRS
51, SHEERAR

{i oot~ Qe ) (Qus — Qi )T

( obs,i obs)

=1

(Qsim,i - ésim )2

(28)

(29)

HEHEL 2010~2016 4F 3~8 H HIZEBHE N 2 E /], 2017~2019 4F 3~8 H ¥ RME AR H, R FiRJy
R IR P AL S A RN YR e AN K Sk K H L B IX A S Eu T R e, HERAE K At=6h, SEIRVIATE

[ AR e 45 BNk 1 A% 2 Fras

Table 1. Calibration results of production and confluence parameters for SMS_3 and LAG_3 of hydrological stations in the basin
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Table 2. Parameter calibration results of Muskingum Method at Yingluoxia Station
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Table 3. Calibration and inspection evaluation factor results of hydrological stations
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Figure 2. Comparison of flood simulation results using different methods at Zamashk Station

in 2019
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Figure 3. Comparison of flood simulation results using different methods at Yingluoxia Station in
2019
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Table 4. Comparison of flood peak and flood volume simulation using different methods at Zamashke and Yingluoxia Stations
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B¢z md) 0.71 0.90 1.56 1.36
kg (m¥/s) 66 303 109 368
S HE L m?) 0.2 0.59 0.56 0.9
T YU LT o
HEIEIR 72 (%) -80 -32 —-61 —40
HERIRZ (%) -71.8 —-34.4 —64.1 -33.8
i (m3/s) 275 488 229 577
e R (12 md) 0.75 1.12 1.99 1.70
B 2 AR A, o
PR 2 (%) -17 10 -18 -6
HEEIRZE (%) 6 24 28 25
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AR B R, WURSAEAIRE, 6 19 A% 6 7 14 AF—#UR LT LR, LFHERLAN 5C, M
T 25 1 B 2R R UR T BT AU (5 T AR 1 A, BURLIRAS 2 B SN H B RAR DGR , [ 7E 74
b X O TS AL SRR K AR 1 T SN AN, 7 715 FIHOK B TP CR, ST Sl %
REGIT, SUIRIIET 00 A MR RARRH b, (B CRAR RTPI R, 45 SN BRIk, M7 3 5 B
VLSRR, FAB RIS RN, 31T 7 A 5 FIXR AT A — & MRS iR, T T 2R,
PR R TTSEBRIEIE FERT AR SCIOR AT, Bk R X ) (e DA B iRk, JRELEI T 7
R ST, FRENRS RS E . T4 SN BRI/, MR AL RS oKL A2, i
R AR T, ALK R

6. L&A

ASAEAR OB AT TR b, I T B S AR IR 0 TE X 70 Ay s Ay LA T 5, 0 il 3
HPHLHEAT TOEIE, TR T RS AR A RN, 8 3R P4 b X SR iAtas i i AT 1 oK AR AL,
TR AR FEAR R T HEAT 7174, B EARRILIT &g

1) FLGEHIH TR AR AL S A 5 M Pk K STk AT R Ry 0.2 M1 0.5 Ay, T 25 B R T AR iR
BRI BT s AR BT BT, 9 AR REGE ] T 0.6 R10.8 Aidy, I HAEU AR MBI, BEGSHIT (1 7
DA UGHOKERE, I HARAL R G B 5 S AR 2 AN K o SRR WZAR AL RENS 75 SRITRUSAE ) N AT, O
XTSI X DAR T A28 B OK TR G i T BRI, BRI SEBR .

2) BRI R, TR TR EARELAE X R iR b, Mg XA i N N R E, HaE i
WA REIE R BITH K B RO SE R, R AR NOUH X R A, — e R BRI 7R (RS L
RIVEAL A 50 OB ER R T B i R AR . A2 S IR T, 38 BT K &1 i L™
WISy i — DI 7E, DL — 2D 3ok TR & -

&E 3k
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