5533 % 452 KB % JE Vol. 33, No. 2
2022 4£ 3 H ADVANCES IN WATER SCIENCE Mar. 2022

DOI. 10. 14042/]. enki. 32. 1309. 2022. 02. 005

ETEHEMEFHN T CRERRESHBERE
AR, RAR', HER, T F, ALY

(1. AR KSOKBERSBE, TL9 M et 2100985 2. Al KK BHARFSEbE, 195 At 211106,
3. IKFIEER KA Z: R &K SOKIE)R, T 77 510611)

. YT A OK SO S50 2 A BRI A Ty 5, TR ORI IX N 32 B BRI, s — R TAR hi
T e AR RS AV D I 4 A0 P I G T, 48 R R SR TR R B B B R S B T ik . 25 A AR
ABRE A SEAGURAE AT, ST R A AR 145 T (K, ) FVRAIK 7% 5 5 W VR 3 0 3R B () 2 AU =
SHS WL S, HERIBER N E AT O R, A BN T I B Y LR S, A2 A SRR
BT HIGIE . 5 RERH . © FHHIESEIE K, 5 0 R0 E K, AR TR H, 2208505
TG KBR300 8 PE R BN 0. 82 25 = 0. 86, il 5 it i iR 2 A0 3 4 XHE 2 BRI T 2. 2% M
0.95% , {RIGEHLAT AR L EIE R T 4% (FFHIFE2 h W) . @ BT ZE9E% 14 MRS FE H S AR
FE AR E R, B ELARE 6 NRBUATTINE, RUISE X RGBSR E MR AR R, A
IR ZE I LNE R 2. 8% , UK KB 2080 e R 40 0. 83, dbid 5k iR 22 1 P34 %HE > 10. 07%
H16.86% , WA EIDR2E A FIILEXTE R 2. 61 ho F& A BUSM: = TR S 800 7 ik S P AR S . BT E | R
FOBHER & A TR LY, PR E G 0SB TR BRI R KB RORE B, 7R BROR b X AT 18 FEPE
KR A EUKSORRY; AR IRFIE ;. PIASOKIIL; S8 E; BLTR X
HESES.: TVI22 MEAPRERD . A XEHS: 1001-6791(2022)02-0208-11

TEARRAURAE A 5 R BRSSO RIS, AR R B R AR 3 OC 2 Y /K SORE Y B i A =X
B2 T 2 2 A T ST PR B8 LA B TR o B I 2538 K A TR R U YR AR LR BT T It K TR i 1
ol APk, ETRMAE . O SRR B KRR LB, AKOEFRIMER, W3 n, Vb
HERE TR @ TNREASLE T IRETHL AL, BORTORL RS — B, SRR SE R BT,
Rl 2 ORI = M DX A HE K IR ) BT 2 E RO, A AL A A RIS SR 1K SCR IR, BEREA
REW AR SRR I ERS ) HI, RTFRIFTE A IS vk, DU N 5 AR e 7= i R e 4 30
RSy A O SO R A Wy B 2 D18, AR DR GEORMi = b DXASE R SR80 1 wfedl

1995 4, Garrote il Bras'”' 7F Cabral FEHES JLal b 30 33 A5 5% 10 8 44 i i3k S AH X AN 355 7K 2 (728 shify
) P A S kR R, T R ORISR R T R, SR T AR AR R R A AL B N 2 IR AR
AT BT PR A A, IR S kR R 58 K 1 43 A UK SCEE Y RIBS ( Real- Time Interactive Basin Simula-
tor) ! AR TR G A B T AR G E - RS 2 R AL KT sk 41 A 73R, g A R R R
FEALE A X, R BRI R, AR DL SR Y i A K SO A R K R, RIS E
FERISIR A, TR = M X R ARG RE SZBR

AL RIBS FEAY rh (728 Sl AR Ay 7 A ORI K TR T 0 1%, P A 1 B IO At ) 7 45 #1934
APHETERY W R SRR, ST BURE R S EC S B S8 BRI Z RIS G R, 4
A BF AN T A VLI B VIR S A, R 2 BRI A T I A 5

i B, 2021-08-02; MZKLHAR AR, 2021-12-20

W £& KRRt hitps://kns. enki. net/kems/detail/32. 1309. P. 20211220. 1403. 002. html

BE&WH: EEARPFEERINNE (417307505 41877147)

BB/ ZWAL(1984—), BB, TIHIEZN, Bd%, FENFIKIOKEIE B EFE . E-mail libinquan@ hhu. edu. ¢n
BEMEE: LAEK, E-mail: zmliang@ hhu. edu. cn



55 2 1] AL, S5 BETR SR B PR AL K S RO R Ty vk 209

T BT ARSh A A = A A

R AL rp = SRR RIBS AL b AR S Ay 7= i) TR A 2 T STk [ 12 148 41 1 = A
KGR AL R, AR R LR B RS AN 1 (a, b, ¢ 2HHRED | @ | @ BTN E)
PR o RS TE A SRR PHIE R T A B 2 R, TR AT S B SCHk(7-9, 127,

M=

—bé —

% Pt
IR |0 P B
r — B

\\\mmﬁ

Iy oy
e 0,(0)

B WK B R - OO

BT ARSI Y R R 4

Fig.1 Framework of the rainfall- runoff model based on variable saturation zone concept
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Fig.2 Schematic diagram of different moisture states of soil column unit
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Table 1 Locations and control areas of 20 selected basins

s T K3k A P ALY km? S
1 liiZ e R0 2 4 ST 0 Y S < I T 1 30°35'52"N, 119°46'56"F 5.6 pLTALE]
2 g O 22 VS S 0 U 0 4% L O T 30°34'34"N, 119°48'47"E 14.8 LATE
3 AT IR T 22 VS 2 5 Y Sl 7 A B 30°34'57"N, 119°47'53"E 10.4 T
4 b AR IR ) 22 1 S 6t o A A T 30°3438"N, 119°49'10"E 17.1 BLTALE
5 Jemsk YHERT b Je A 32°16'58"N, 115°25'34"E 1701 SLTATE
6 I AL )| v 32°09'35"N, 115°05'06"E 2 060 SATE
7 ZEPEH THRT 23 A 34°08'23"N, 108°45'01"E 1029 S TAlE|
8 T-FH T T BH 34°37'58"N, 107°08"20"E 2933 S RiTalE]
9 H4& TEH A 34°39'06"N, 105°20"26"F, 2 480 TR
10 TE R TE T A2 ) 1] il 36°53'09"N, 110°11'16"E 3 468 FT R
11 wif SR Al 29°02'18"N, 117°37'04"E 3341 @i
12 =f BT =60 31°0215"N, 105°01"23"E 2227 BHTALE]
13 TR AR Wi 32°25'43"N, 104°31'19"E 4284 Tl
14 HE A S ANERC ] 31°56'41"N, 104°40'03"E 1 065 R SiAlk]
15 48 bR s R I w131 31°26'33"N, 115°44'40"E 91 BTAlE]
16 e TR Y] S Y] e R I 31°27'19"N, 115°36'47"E 787 STATE]
17 K& WETC & ik 32°18"21"N, 114°03'30"E 3029 pHTALE]
18 =#h SR = AR 29°17'00"N, 117°50'54"E 1392 BTAE]
19 RiE B BP ZR V 34°03'24"N, 111°58'35"E 2 647 R e Talk]
20 M TRETRT VD AT Y M 34°08'06"N, 112°50'42"F, 2 803 B AE]

3 MRSHHE TTIE

3.1 SHBBMES T
FHHESE IR AT E VAT 73 (GLUE) " 201 6 A= i S B BUME , Jese i 51045, SR o



55 2 1] AL, S5 BETR SR B PR AL K S RO R Ty vk 213

BOMHEERE(E,,) , HBEEO0.5, &M BUSE ST R KEHHFE, S8CK, M f BN UAEY &5
HE (HPBREAE, 0., 0., & fla, 4 MSEIUEZATEANE WA K, Wik, S8 K, M orEEsS
B, HAb =i SR,
3.2 FRBHEHWME
3.2.1 WERiaFfeRkAEFE

VEPF 22V T R BT AP ROA A B WIS, EE S MR AR 148 S S2E 5 I S 80N G L R, 5
SIS I I A N e R 40 NI, BRI 5 R UL AT B ROAR A B WIS, i As B R
Tk, IR S IrAE T R E A% (100 m x 100 m) HbF20FI7K 745 558 0 24918

R GIS BAFHEHUAS 21 2278 i 3 F #4908 R A% 11 3 2K 10 M IE S8, O —Br B 1. S (T,,) . 3
TEJ(TN); ®:|§J/l\f@;ﬂ2¥ %‘JEHH%(TW)\ EPEHH%(T},];})\ jﬁﬁyﬁ%(]wsos)\ jﬁfﬁl,’}f%(ﬂm); @E%
WIEIH T MRVIEIRE (T, ) . BRERE(T,,) . IERRE(T,,) . BERERRL(T,,) . FIHABRKR
15 30 IR TRt MR AR I RS 10 MUBE R FZ RIS R, HERH)E 10 458 5EpiE 1T
Bk, g R (16) , W SEIE 5 A TR XT g R an K 3 Fron, K (16) e RECH
R*=0.76, RHHEGENSEANIHEE,

K, =11692.152 +0.054 T, -272.04 T, -640.902 T, +84.2527T, -19.3387,, -
11 529.006 T, - 3.354 T, +135.792 T, —34.326 T +0.894 Ty, (16)

3.2.2 jaferK 4E 5 R MUK E R AR 2K

SR f 5 R HERARBER B B AR O, PRIRT il g ST f 5 AN TR TR A SR AR 1 G R ORI E I S U
F T 23 HE AR B, X LSRR 5 Ty UK IO BT RS S48 0 L SGE AR S AR 3 i AR MUt Ja
ZARPFBI S S, BRI SEE S ARITRE R A G R/, RIEGORDRIE T E B2 B
BRI R A ot AR RIZ (0 ~30 em) FIVR)ZE (30 ~ 100 em) MRS+ Fidb+ | i+ 3 Fi R
o BERIER 1 T 14 NSEIAHIREOK BORSRE SR f M, AL S ARIRE SR g e R U0 (17)
PERECN R =0.995; ¥R 1 )5 6 MRBFRHEEITIUE, XF a5 RAanEl 4 FiR,

f =-0.008T,, —0.006 8 T, +0.00001 T, +0.0063S_, +0.0041S, +0.009S,, (17)

Xy T HRBWD SR, %; T,AREMW ISR, %; T, WRZELERE, %; S HEEDL
T, %; S,HAREBEMBDLEE, %; S, HNEEHLERE, %,

BRI (17) HHEE S S8 R AR F T, MMIREN -1.6% ~6.2% , FIHHX 1R 24X H
H2.8% , RINZKRARXNKEH, FRAAREHRE,
3.2.3  dRHEGME IR A

JEUENE = RS AG 0., &, 0, «,, HH, 0 F1 & T T AR 1 B GER) I 10 4 1R 1 5K 1 2808k
PR (SRR N 307) , 0, P TRZ LR A BER A SR AR AR, RIEC AR
5700 B o, FTHL10,
3.3 ILiRSHMTE
3.3.1 ¥EILAASK

WEICRB ARG K, . ngy ngs m Flp, Fod, no o ng BRI L RIS RO SR Hh 45 A RS SR 2001
et , HA 3 SRR YE 22V B A 56 Yt Sl 38 18 i O A BT A A o 26 P 22 S R RN R AT S Bl 5 )
K% (20180724 , 20180726, 20180803, 20180813, 20180816)7 /™ 1Li3 I 35 £H ik i g 3 WL &5 4, AR 4k =
(13) s e, SKAEE K, =0.009 9 m/s, m=1.089, u=0.65,
3.3.2 AMILAAK

TR — S 80 C,, TEMBCE B R E A F FBOR T R, T R, 5K S8 (W98 ) A %, i



%33 %

214 R

ST SCHRBFFE AR 2 TERORME R B IX Z G T RS, A5 oK B R s, C AR 2l

5 2
¢ =eBre) (18)
1 +¢,B
:T:tl:’j: Bjj?}ﬁiﬂiﬂj Dﬂ?ﬂﬁ, m; €\ Cy. C;ﬂy%ﬁgﬁﬁi‘ﬁﬂg%%&o

K1 1—14 FEAR KSR E K (18) , J5 6 MR AT UE, X LA R AanE 5 s, i
$af HH 1 T TR V) B 4 A K SOl S ARE I . EEAN SR TR AR AR, REMBSHE N ¢, =0.0745, ¢, =
466.930 5, ¢, =0.362 2, KRNI EREH R* =0.925, WIERIEA(18)ITEES ¢ FEEIEF T,
FHRHRZE S NT 12%

15+ yZ
= /
£ /
: ¢
E10r * k7
£ ° / e® ®
s * /e X
[} °
;E Sk o./ 'ék °®
o
S | o KN
w® ./. * BRI
0 1 1 ]
5 10 15

SEMIMEY/(mm-min')

3 Ko AR AT SR TR E S B E 45 R

Fig.3 Calibration and validation of the estimate formula of K, in the Jiangwan experimental watershed
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Fig.4 Calibration and validation of the estimate formula of C, in 20 basins

coefficient of attenuation of f in 20 basins
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Table 2 Validation of the estimation method of parameter K, in Jiangwan experimental watershed

HlngE Ko 18 H(16) K. H
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E, VE i | % AT . 1/h LE,, 1/ % E VE e 1/ % [AT . 1/h LE g 1/%
liiZd 0.80 13.67 1.31 6.81 0.85 10.41 1.50 6.54
AT 0.80 10.73 1.75 5.35 0.83 10.06 1.66 3.34
I L 0.84 11.06 1.75 6.55 0.87 8.03 1.94 6.38
il At 0.84 10. 69 1.97 6.44 0.87 8.86 2.00 5.09
T 0.82 11.54 1.70 6.29 0.86 9.34 1.77 5.34
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Fig. 6 Simulated hydrographs for the flood #20190901 of the Fotangcun sub-basin
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Table 3 Validation of the estimation method of parameter f in six basins

. RERIATE f{H K(17)/ 14
E, IE 1% AT,y I/h 1E1/% E, IE 1% AT,y 1/h 1E1/%

-£415(2001—2010 4F 10 ik it) 0.82 8.81 1.50 5.05 0.81 11.80 1.50 7.83
HEYRE (2002—2010 4F 11 ucit) 0.84 12.17 2.36 5.41 0.83 11.80 2.82 6.35
KA % (2000—2010 4F 10 FYRiE) 0.86 5.76 3.40 7.50 0.86 5.65 3.40 8.45
=#8(2011—2018 4F 12 $Zukih) 0.84 13.58 2.25 5.59 0.83 13.52 2.42 6.03
2R (1965—1998 4E 10 37 7itt) 0.84 9.23 2.20 5.91 0.84 9.54 2.30 6.12
oM (2000—2010 45 9 kit ) 0.82 8.91 3.11 5.64 0.80 8.13 3.22 6.40
14 0.84 9.74 2.47 5.85 0.83 10. 07 2.61 6.86
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A runoff generation and concentration model based on the variable
saturation zone concept and its parameter determination*

LI Binquan'*, LIANG Zhongmin', FU Yupeng’, WANG Jun', HU Yiming'

(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Institute of Water Science and
Technology, Hohai University, Nanjing 211106, China; 3. Bureau of Hydrology and Water Resources, Pearl River
Water Resources Commission of Ministry of Water Resources, Guangzhou 510611, China)

Abstract; The calibration processes of current distributed hydrological model has been a critical issue in data-scared
or ungauged regions. In this study, we setup a hydrological model, in which, the variable saturated zone concept o-
riginated from the real-time interactive basin simulator is applied for runoff generation and the grid water droplet meth-
od for flow concentration. We also proposed a method for parameter estimation based on the characteristics of underly-
ing surface. Based on field infiltration experiments and parameter sensitivity analysis, the quantitative statistical rela-
tionships were built between two sensitive parameters ( surface saturated hydraulic conductivity K,,, coefficient of at-
tenuation of saturation hydraulic conductivity with depth f) and the topographic parameters and soil types. The over-
land confluence parameters were determined by field overland flow observation experiments. The proposed parameter
estimation method was verified in selected basins. Our results showed that: (D The proposed method for K, estimation
contributes to a better modeling performance for flood simulation in Jiangwan experimental watershed, the average
Nash- Sutcliffe efficiency coefficient increased from 0.82 to 0.86, and the average absolute values of peak and flood
volume errors decreased by 2.2% and 0.95% , respectively, but the average absolute value of the peak present time
error increased by 4% (still controlled within 2 h). (2 Using the measured flood data of 14 basins such as Jiangwan
to calibrate the parameter f, we established the quantitative relationship between the calibrated parameter f and the
soil type data of different depths was built in 14 basins including Jiangwan, and further tested in other six basins. The
parameter f estimated by the soil type data of different depths was very close to that determined by traditional model
calibration processes, the average absolute relative error is 2. 8% , the average Nash-Sutcliffe efficiency coefficient of
the flood simulation is 0. 83, and the average absolute values of flood peak error and flood volume error were 10. 07 %
and 6.86% , respectively, and the average absolute peak present time error was 2. 61 h. Our results indicated that
the proposed methods for determining sensitive runoff generation parameters are applicable in data- sparse areas and
could provide a better or comparable parameter estimation and flood simulation than that determine by field measure-

ments, model calibration, remote sensing data estimation, and other methods.

Key words: distributed hydrological model; variable saturation zone; grid water droplet confluence; parameter de-

termination; data-sparse region
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