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Fig.1 Rivers, stations and frozen soil distributions of the basin upstream of the Ganzi hydrologic station

2.2 HERHER

(1) #Ui, PR A 22T H 5K S0k 2017—2022 4F (1328 /N S AR i B2 )

(2) FEK, BEARBARAIE T IUIE KGR 1L AR A8 A Gk, S gk 1, H, KB
i S T 2016 AFET)E, ICHE T 2017—2022 A5 H AL 30 S5 2 3t RS 3 1 78 /NS R K R

(3) Ak, KIREIRRETHNEIE R 8 MR %k, W T 2017—2022 4E H LA BB 50 )
BN

(4) AR, B W78 R BRI T H A0k () 28 & LI i

(5) BF R (DEM) , B e BddE 2 TR &R, Bk U5 T 3¢ FE #h BT 4R R (USGS) , &[]
SRR 30 m,
2.3 RELIKERSEEE

R RE VPR X F A SO S A A ZE B 9 X RSB T, TR R IR AR Fr e VTR R | HBV BERL DL K % ey
TR0 9 R o ) 2 VT ABS AR g AR R AR DU BERR

kB A M AL R AR T R P (R S S 3 Rt A, AR S DEM Bl B 7 LA B i 3k ) 4 Ay T R 45
) 3 A E R, HIFIRIEE 98 4 400 m AR, 4 400 ~4 700 m., 4 700 m L4 b, 7ELL [ 3 AR B0



55 4 1] T, G B IR S L SRR BT AR K 535

HHOK SCHBAE H AR B ROR R (Eys) HHE BRI BIX 3 MEAIE) S H T 308, REMh
2018—2022 4, BGIEMI R 2017 4 R 2R o AT A RF BEAE S 3 01 15 2 550 O N2 3T 2 i A4 B T 3
T A5UE R K S, %R e T s AF R B FH T K SO B iR+

FESR UGB AR v S 12 MER ST RE, AWk BE. TREREZEK KB EKE &
(Wort ot~ Wint o~ Wontow) H HH7J(E'\%7K§§(SM(M> . BRITERE(K) . WEZZERERE(C) . HTFK
IR ARR(K,) . PR RE(K,) . HFKIHRRE(C,) . EPRIHBRRE(C)) . DB RN S 2L
wy Mo, . FEHBV BRI BRE 12 DS RS, A SR, EHRT . BEBIERT(C,) . #
TRESREL(F,) | IR THEROKE(F,) . HIEEKEILE(L,) . BOKTTREB,) . TBRE() . L2
KBIME(U) . HERRR , P RIR K RE(K, . K. K,) . 1675 R 8RB & T A
EIL 20 NSHGHATHRE, B 12 MEGRSHUL, E—2F BT 4 MRS SH, 20k In AR alS<0R .
EHEHET, BERaEET, D& 4ADHIERMSE, 20 R (17 ) . BEEER T+
Fils R T LA KR A K S

i N T AR RN R AR, £ L 3 MRS E R e T, YRR FRE LT A g%
SE, R RPREER 40 000, ERUECH 50 K.,
2.4 SYEEMRERMESH

Xt T RS K A SRR R T AT AR R 8 ARy K A R RS 00 BUE S B RR E 4 RIS 1 TR,
T ADHFIE B BISEH TR A R SRR S SEOT R TR e AR SCE B s, y. 77 A
0, % 4 L IEVRAL S BOT R S BUUE A HM: RURAE T

(1) PREALVRESIREE T, = - 8.4, S ECOE(7) bR fb 2 5 13850 R R a5 B X B (i B2, S 3B G
FHE, TG HAR AL Z A A AR b T I A O T R R SR T R A R I, A R Al SRR+
BRI EUR CRSZBSEEL Y =X 5, Mu=1 H o =0, RIS A58 B s 0 - 98 vk 25 15 5 ok
-8.4 °C, DMERFIERM, HIEGRASEEMT KUK, U Mckenzie 2 HBCH - 12 °C, IR [H R
b IR VRES IR AR Y AR SO S BEUE AL T A B

(2) HHEARBGERRET §=5.2, ZSMFERM L HRAIN L A RER, DIEFs RN HEUEE
0.2 ~10, ARSCHBUEALTA BEYER

(3) BRAVK AR 0, =0.01, LAMERFIEERIAD | REZEM L HERIRAK G RLZ A0 ~0.1, ARCHER(EL
FAHBIEEN,

IR ERE R AR T RS R B =10 A e, B LR B ARSCE X, DA ST R A AH N S 508
HEFE TS, Jeeefit—2 1 R EFAMA R T LAKHIE

FESHE TR T SERE |, BEHL 2020 4F 4—S H OISRt B, R RS BB LR I, 40 50
ERAR AL A S5 TR AN 45 S BUEDR/ D 50% | 38K 50% BIAR IS JRAC A EXPL A EXP2, KA Ak 7R 45 i
JEREAR 5 °C . 3EIN 5 CARRAIIES SR Hlic o EXPL A1 EXP2

1 ZERSRIEFMNTTIENSHEELERER

Table 1 Parameter calibration range and results of Xin’anjiang model with snow melting & soil freeze-thaw processes

SRR SEAFS RElE REkiE SHAFR SRS REEE RERE

Il A<l °C T [-6,5] 1.94 FRAEALERESIR I/ °C T [ -30, 5] -8.4

il <l °C T, [ -2, 4] 1.45 MEEERHT y [0, 0.2] 0.035
B HKHT/ (mm/d) a [0, 5] 1.2 + e Rk R N 5 [0, 20] 5.2
R Rl S X/ (mm/h) B [0, 0.2] 0.085 BRARK B i 0, [0, 0.5] 0.0l

B SRR 1 2/ AR FURAUSE R NP 2 7R, B UR R E 3R [ 5 SR 2R - K R4S L il i) A2



536 KoBoE Bk R 535 %

iR, el R T i B DR RO A B BT X i AR R B K MR AR — 2 R, AR 5 28
AR EAN R, 78 2020 4F 4—5 JT 19 3 YRS Btk vh 32 B0 OK R A T — e, AR TR IR
ESH, HOUNEARIRE TS B T R N2 s AR ™ i L], XHZAF AT 2 S S5 B koK ) 4 e |
AR EAT RS0, [ IO R A A P i A — i, DR R T B S AR R Ol B i 6
RS BOAR FRBAE AR, Br AL R AN B R R B R el AR 5 B o P R A% 2 B 00 T P AU R
AEIGEN, AFREACRES IR | 233t A 2 e 8 2 DK 5 i RT3 7 o M il =5 7 O B (i o, 2
AR BOT AR, TR YR B TR N KR R, SRR AR, R R 2
FRAR S REGE T LK AR RS LU, T2 2 R A 23 11 Rl 0 ) g T e S il 5 )™ B — R R
AU LR, SRS ECS IR AR A S AR, P AR TR RE DX R o A R 2 T AR X i 55 B

BURE, HPORHR A BRI AT LS E Hik S,

700 - 800
600 —~
= 500 & 600
13 400 18
5 300 s
< 200 < 200
&)
2 100k M
0 1 1 I I I 0 I I 1 1 1
04-01 04-15 04-29 05-13 05-27 06-10 04-01 04-15 04-29 05-13 05-27 06-10
i 1) it i)
(a) HIEVRRIE RN 1 (b) BUTELREEN 7
800 700
2 600
g, 600 = 500
]ﬁﬂ =
52 400 i 400
= = 300
Z F=y
R 200 < 200
8 100k
0 1 1 1 1 ] 0 1 1 1 1 ]
04-01 04-15 04-29 05-13 05-27 06-10 04-01 04-15 04-29 05-13 05-27 06-10
Hef 1) He 1)
() PRI R ZS R T (d) ARG &
e S Wi ——EXPI ——EXP2

K2 b SEVREL SRR 16 (Y2 /N IR R AU 4

Fig.2 Daily streamflow simulations of the soil freeze-thaw parameter sensitivity tests
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snowmelt and soil freeze-thaw processes and HBV model
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Fig.4 Hourly streamflow simulations of the Ganzi hydrologic station for the melting period of 2017—2022
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AR D, M RBURTAIR R 22N T £5% , HRUE E RT3 0.9; 1M7E 2019 4F | 2020 4E55 2T 248,
AR KT | RSB SRR AR, BRBIRUR R, MR 2ETE - 50% I, [T B BN 0,

HBV HER P B A RS P s, vl DUZ) AR 2 R il 35 B X oK S B g, 25 R, A
THELIAHRTRZETE -8.9% ~16. 1% Z A1 5, O -2.0% . WEEASHRIIEE , ARG T HBV AL
RN F A8 0 28 B BB SR IS HOL 14 4% 7 70 2T R U A A0 A R 0 A R i 5 S B 5 100 9 AR 52
M, Flin, 2019 44 APAE]E S AWK 2020 45 4 A hAIE S AV Ltk g HBV LR KiE
A T 3K B Ml A RCR R BN S R BT AR, F4E0) EFE0 ~0.9 Z Al sh, Ffi%ch
0.69; HHFZEAE0.66 ~0.98 Z[Alksh, HAIHCH0.88, Al WL, HBV ABLEAAR FXF 11 ml b A 42 7 o
P AR EA — e BHURE T, ARk S5 T T oG i R K S, HBV BUBSRE T A XA 2

2 RN Tt VR A A B AR A SRR ) BE Atk RS T RS 7 A R aT L i g SRR
BRE AR RARET, K T B2 R MIEZ . R RA D | i A iR K I e A K S
%, MR AR 25 8w K A 3R Al 2 S5 DA T /N () RS B ROIR 2 e, A5 ARy A X iR 22
1E3.9% ~22.7% Z a5, ik 4.8% , Hrh6 a5 a sHXHRE/NT £ 10% , AEFRASLA XT8N
AHARIHE , BAEOTHRUN £\ 7E0.28 ~0.93 ZIHHsh, A%k 0.83, A HBV &AMET T 0. 14; X RE
7E0.91 ~0.98 Z[EE 5, Hi%Ch 0.92, HLL HBV BIAI4EF T 0,04, BEHARIAY AT DIFEA [A] R I <4 K 3
SR 8 g R MR S A P R Fl A [ R B9 = Kk Al Bk A A . 4 R T 2019 4F K 2020
iE4 AR5 A LA 4 M ok S50 B Bl O RHCR 0 g  S i B ORS B B B = T HBY
TR 5 4 i e VT AR
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Table 2 Quantitative evaluation of daily streamflow simulations of different models over melting periods

HHis 2/ % Eys MR
4 g

M-XAJ HBV XAJ M-XAJ HBV XAJ M-XAJ HBV XAJ
2017 4 4.5 16.1 -34.5 0.83 0.66 0.22 0.92 0.87 0.92
2018 4F 22.7 -8.9 -20.6 0.28 0 -0.11 0.91 0.67 0.48
2019 4F 5.2 -5.4 -48.7 0.83 0.35 -0.79 0.92 0.66 0.17
2020 4 4.0 -4.2 -40.1 0.83 0.78 -0.43 0.92 0.89 0.49
2021 4 3.9 1.6 -2.4 0.93 0.90 0.95 0.98 0.96 0.97
2022 4F 10.0 0.3 0.2 0.91 0.73 0.90 0.97 0.98 0.95
e 4.8 -2.0 -27.5 0.83 0.69 0.05 0.92 0.88 0.71

*RX R 22 A HR SRS PR % A7 (7 AT 8 28 B o (LI TS 21

OMERAE, AHXSIRZETTI, 6 a AT 3 a 5 BRI L e VR Rl p BB AR B AU CR e, T HBV 45221
FEER BT 2RI )0 2 a R 1 a RBUREF; AHRCRREOTH, 6 a HA 5 a ISR A1 ek 18 5
PRI ey, EIRFT TR 1 a REURYF; HICRBOTIH, 6 a 1A 5 a HIERT FHHEURREL 1Y
BRI RO ey, T HBY BEORUAT 1 a RIS, LA RSGUESS SRR, AN SOR A 0 25 il 5 0 - JE
R AT 22 YA B R AAE AN ) UG SRR T B 2 T AR TH U SRRV W A AR B PUCR , n] T
O R 25 VL B ) 7K ST

HEAh, RS NPT I E— P58 AT . — R4 & i BRI AR TT R /K SO 5 K 54 A4 e i
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3 45
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(1) RHERRE RN T REIEEN T FREAL RS KR A K 5 5 2545 1 R R R S B AR I A9 52
PLIIIFATE AT, ARX T 5 A L A RS v A R A5 0 B S O R, A BORHR AT BRI T 5 3 5 b ik
28

(2) AT HBV BERY, 5 SRl 7= 0 A0 - SRR A A 0 ] LA 25 B e A Jt el i il 39 4 A A
KB, SRR RE P8 0.69 $2TH % 0.83, AHCRBCT (i %kr 0.88 FFH% 0.92, FeilEx)
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An improved Xin'anjiang model with snow melting and soil freeze-thaw
processes and its application in streamflow simulations of
the Upper Yalongjiang River basin*
DONG Ningpeng', WANG Hao', YANG Mingxiang', ZHANG Jujia', XU Shigin’
(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and
Hydropower Research., Beijing 100038, China; 2. Hydrology, Agriculture and Land Observation Laboratory, Division

of Biological and Environmental Science and Engineering, King Abdullah University of
Science and Technology, Thuwal 23955-6900, Kingdom of Saudi Arabia)

Abstract; Cold areas are primary runoff generation areas of China’s major rivers. The accuracy of their runoff
forecasts directly affects the scheduling of downstream water conservancy projects and the water resources
management. This study aims at the problem that traditional conceptual hydrological models rarely consider the
combined effects of snowmelt and soil freezing and thawing processes on the runoff process. Based on the Xin'anjiang
model and using precipitation and air temperature as driving data, this study proposes a conceptual soil freeze- thaw
module based on the equivalent soil temperature and soil freeze-thaw characteristic curve to describe the runoff process
under the joint influence of snowmelt and soil freeze-thaw, and a Xin'anjiang model considering snowmelt runoff and
soil freeze-thaw is developed. Taking the watershed above the Ganzi hydrological station in the Upper Yalongjiang
River basin as a typical research area to carry out the daily streamflow simulation during the snowmelt period of
2017—2022. The results show that, compared with the HBV model, the Xin'anjiang model with snowmelt runoff
and soil freeze- thaw processes can significantly improve the accuracy of streamflow simulation of the Ganzi station
during the snowmelt period. The median Nash efficiency coefficient increases from 0. 69 to 0. 83, and the median
correlation coefficient increases from 0. 88 to 0. 92. The Xin'anjiang model improved in this study that considers

snowmelt and soil freezing and thawing can provide support for hydrological forecasting in cold regions of China.

Key words: cold areas; snowmelt runoff; soil freeze-thaw; Xin'anjiang model; hydrologic forecast
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