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Abstract: The unit hydrograph is a simplified way to understand how a watershed responds to rainfall and offers a practical
approach for flood forecasting. By approximating real-world watershed processes as a time-invariant linear hydrologic system,
Guo turns the unit hydrograph to General Unit Hydrograph (GUH). The traditional runoff hydrological models for flood
forecasting require a large number of parameters and datasets. In order to reduce the complexity of flood forecasting and
model parameters, a simple GUH model considering rainfall loss and pre-flow is constructed in this study, combining with the
Multiple Objective Particle Swarm Optimization (MOPSO) algorithm for parameters optimization. Taking Yuecheng Basin
and Jiuzhou Basin as the study basins, different combinations of flood forecasting are constructed according to the improved
GUH model. SCS-CN model and Nash unit hydrograph for comparison. The applicability of the model in flood forecasting
in small and medium-sized basins is evaluated, and the forecasting accuracy of the improved GUH model at different lead
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times is discussed. The results showed that: (1) The improved GUH model's forecasting accuracy was superior to two other
runoff hydrological models. (2> The improved GUH model reached a Category Il forecast level at both the Yuecheng Basin
and Jiuzhou Basin, with mean coefficients of determination for Yuecheng and Jiuzhou Basin were 0.79 and 0.84, and pass
rates of 90.91% and 83.33%, respectively. (3) The forecasting accuracy of the improved GUH model gradually decreased
with an increase in lead times, but it still maintained a certain level of predictive performance when the lead times was less
than four-hour. The improved GUH model, considering rainfall loss and pre-flow, had fewer parameters and simpler structure.
It showed the potential for flood forecasting and provided new insights for flood forecasting in small and medium-sized
watersheds.
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itk il B /K MR /km? A 45 % ik 3 SEKHIAkmM? 4y ER%

KB 121.1 22.81 g1 55.1 14.29

Li=2o 160.0 30.13 peaic 84.8 21.99

T 82.3 15.50 2 49.8 12.92

I AR 69.7 13.12 L AT 85.7 22.22

B 72.3 13.62 Ly 89.0 23.07

I 25.6 4.83 JLM 21.2 551

531.1 100 385.6 100

1.2 WxG%E
1.2.1 X #4524 GuolSIH| FH I AN AR 28 M /K SC R Gk iRt s, F & K 7 RRAR S AR ik ol i < 1 )y
2, = THTRRRBICREREN GUH BiE, JEXTBR R34 DL EIHRTT B I
WRFTREN “fa” X BEER MBEE LT K, BRI LB TE, SR —RpmrgEar 1.
WS I — AT 2R g(t):

g®)=1—QA+mz)" 1)
A, moARALZ ETRE S FREE B W, AR TR & 1F: x@RRIREHE, FRA:



z(t) =exp[p(t/t,—1)] )
A, gk EAEEG o v BhIEES, he
XF g(t)sK -5 R AR AL 2R u(t):
u(t) = dg/dt = pz (14 mz) “ ™ /(t,/3600) (3)
2, (D - Q) BRT —HEE=ASE (G, 2, m) BEBAZ, BT R (GUH).
1.2.2 FEERMEAERATHRABA TN LEEE (GUH) BAMHE —RME, SPrisRriri
W, ERFESNRERE, HRHEEASH G R R, H5E f BRI B AT KRR 4
BU, WA KRR KRR RIS T BE v R O SR bR E . R, XM OTERT R
SHMBAR R 2, AT BB, WRLLRE F BN R EIR &, H4E GuoliJy
%, B MU D TR S AR T
R(r)—1I, [9@—7)— gt —7— A7)] R(r)=1,
Q(t)z{o A Ar T py <,

: @
X, R(T)ABALN RN PR, mm; o ZoR AL RN P FER IR E, mm, AR SCOPEUE—R
WK RO E A Qo BN WATHIR B E (BB TFER. Pl JEERRERKERER
%), ms, WRRNRTHIE; AR, m? T REE LR, s BEIWHUE L ARTIIRE Qo
PLA TR, R0 TR Z) t i, AHEAREN R, BRESHE. Sz
f10 SE 00 2 Y R 2 BT R N B il GUH 5 8Y ey SRTIRZR 1 /N —IRIEX PR BR 1 HHTHAE Qo
BTRA, HEEIEAERN la5 Qo MEAFMEE Q). QQ)...... Qb)Y 1) I U 97 B AU A e e
(HMEFANX (D EFRAREZIBFRE Qt+1). Q(t+2)......Q(end)) . ASTHIXFP AT [/ I i H [E R
B RUAIRE K O WTmE R AR vl GUH BLAY,  FR44 JL R A T AR TS0 i 3
FFLHHART R B K TR o
1.2.3 BRAFE RN AR R OSBRI (GB/T 22482-2008)) BAMHE, 1k &R iR
ZE BRI E AR IR ZE | VRIS A) R Z2 KA 8 1 R DC W 3 K b K IR 25 SR HEATHE BE VAN o R B EE
FEVF AT 5 25 At U A AT 25 N SME F 20%, BT AR ZE R AT iR 258 3he 2 — IR TIR iR 2
INTFVFRNRZER, HEH TR, S TIRRES TR IREC LN E BN G 3, RoRZ IR S 4
MRS FE KT
1.2.4 MOPSO £k R % MOPSO MR ALEE 2 S 2 b Ab T R PRI B 5092 (particle swarm opti
mization, PSO) [ T2 ARG (multi-objective optimization problems, MOPs) SR fiftif £ Hi 1,
Aedd ARG R, IR T SORE, PR 4 R R AR,

R A L 0 T R A 58 1 BB DC, AU S BRAL K B bR B B A -

minF =2 5 |(Qu—Q.)/@yl+y 5 (1-DC) ©)

A, TARREE i 230K, RS UGKEEG QoA Qs 2 A N SEI AN A BT &, m¥fs; X, y
REAFRA APRHIBCE RS, b x+y=1, B®x =05, y=05. 2 HFrERE minF 234 2 it 545
TCVE R RARALIRS B2 1 0. 1% 1) fie K AR 45 1354

2 HBR5WHE

2.1 FEMRBHIKTRERITEE

HIFRAI A 1h, SASFERER (K B ACRBEAT R T MRIEGE GUH M, SCS-CN 7
Nash FAr Ze iy AR UK TR AL &, BRI, JUMAURIE 23 3737 RBOKEAT Fidh, KTk
AH WK 2,



2 BoKHRAE
Tab.2 Combinations of flood forecasting
HeE FER HFRICH e W IS S
HELD oM GUHBRY ool GUHBLAR!L ik GUH BEAY
HE2  HSU# GUHEEZRY  Nash FA7Zk Mt GUH 7Y
53  SCS-CNAA ot GUHBR! ik GUH BiY

X et GUH BRURT Nash S04k, FZEWIRIZKEUK & MOPSO b LT S 8% 0%, &
HOBUE WA 3: X T SCS-CN #LAY, did v SIS % 3t ) FH S BN % 337K ST o3 4L o (0 T AU
H, JREHRBETET 5 RN AR, RETE. EF. BIEEBN TR Chiy Ch2v Cns,  CnH
L 3. FET Ut GUH KA SR A5 1) &-47 B A3 SR A0 R TR e an 18 2.
3 BRZHUE

Tab.3 The value for model parameters
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Tab.4 Comparison of forecasting accuracy of three combinations
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Tab.5 Forecasting accuracy of improved GUH Model
BEEAHXS PRI B AH U BT il Tk R

I I S . e D
20070608 -0.89 19.06 AT 1h 0.75 =
20070614 2.86 6.44 HHT 1h 0.91 &
20080613 -31.50 -43.10 FEIR 2h 0.56 e
20100422 -5.10 -17.49 #ER 1h 0.91 &
REM 20150509 -1.45 -0.68 oOh 0.93 &
20150524 1.61 14.67 T 3h 0.75 oy
i=Si 20160128 -0.25 1.77 0T 1h 0.58 oy
20160812 13.93 -0.56 $EAT 3h 0.79 =
¥IE 7.20 12.97 1.5h 0.77
20170616 8.63 7.64 HEHT 2h 0.69 =
s 20190613 6.22 6.84 AT 2h 0.90 &
ISIEHA i e
20210531 -7.13 7.70 FE3R 1h 0.91 &
YA 7.33 7.39 1.67h 0.83
20080603 5.00 8.55 oOh 0.96 =
20080613 7.01 -1.50 Oh 0.97 &
20081005 9.18 7.56 AT 1h 0.92 &
20100626 13.02 5.76 PERT 1h 0.96 =
o 20100921 -11.24 -1.80 Oh 0.86 =
" 20110716 -23.29 -16.72 Oh 0.76 NEHE
W 20120622 10.74 -0.01 IR 1h 0.92 &
JUM 20130522 -14.83 -1.95 T 1h 0.76 &
20160414 -1.89 -18.16 4ER 1h 0.95 =)
YA 10.68 6.89 0.56h 0.90
20160802 -0.83 151 HLAT 1h 0.92 =
W0 20170613 -9.76 1.78 $EHi 1h 0.76 =
UL 20190611 -88.40 -62.50 FEIR 2h 0.37 AEH
I1E 33.00 21.93 1.33h 0.68

23 A RIFNE T GUH REFHREEITE

I 2hy 4h, 6h TR ISR AT LIRSS KT TR . B 4. B 5 EOR T B0 GUH
LT P AN AUIAR [R50 301 T 09 3 Uk KO AR R S o IS e ) 3 A [ 7 D 4 st
GUH #E7 ( s e 1t 2% DC ¥{E 35125 051, 0.29. -0.35, L&IEMIZ%H108 0.81. 0.71. -0.13; LMK
RE WA UL B i P 2 8 DC {8 4> %19 0.88. 0.55. 0.29, 3&iEHI4r %15 0.69. 0.80. 0.67, #J I
B TR RGN, Tt R4 DC A —ERE N TR, RmESSE N, EHLIA 2h &,
WEBUI R 45° Wi, FEE TGN, RESUEET 8. m37 KR4S Rl Al
TETRILEAY 20 R 4h B, 28 5 B R0 G0 TE 4 ) O B i A 5 s R B R W A, 3B A Bk A AE T
Mty B s B L. MTULIAE K 6h B, St d K i F2 5 SE iR B AR K ZE R, #6
Sy BKCIE RN WrE UM, 9 K BTN R S Se IR A — e 220, Lk 5 3t
KBTI R AR, 4 e . X T RE R BT Bl TIOR3 0, an N %) S 00 Bée RS 0900 225 2800 a8 Ot
Ao FEMNBIRB A E T, AT AR E S Y AT Sl S0 A e, SulE GUH YR A R
PARAAEEMAR, TR st B AE IS K, 3075 35 T & 0 i =



BRI - W T —— s B 4 PG
100 0
A
800 DC=1.51 [ 0.81 s0
= | =
< 00 A @
= & 100
= 4000l id F
5 N # 150~
200 \ fomA g !
AL NP A
0 - - - e 200
0 50 100 150 200 250
B {s] /(hy
(a) T H12h
100
800 DC=0.29 (0,71 50
600 E
¢ S 1005
400, Je )
o \ E}
Ve 150~
200 ¢ :
[ \‘5\\\ i
0 o 200
0 50 250
HF{i] /hy
() LWL IT4h
1000 0
800 DC=-0.35 |13
3
i s
&, N
- © %
Y aed Fa
VS o i
100 150
(i /(hy
(&) FLRLIi6h

Bl 4 AT o GUH BLRL TR - it 4k
Fig.4 Flow forecasting at Yuecheng Basin by improved GUH model at different lead times
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HHRER . WEREE, HMoFEmEIRshIc. TR KSR TR T 80%ET, it RISk
SRR, ELR K A B K B B O 2 KRB AR B [ A s MEBASS), R — D R A SCR A R AR Z kit
HF RIS I B, KRB RN A BRI S, AN 2 5 R AR T K Sk 0 B K st A el A o
FAYELRS, B AR SR SR I0 7K SO a5 B K i D, — e R R T AR R

HIRRSEHARE M. B0 GUH AL EAZ OIS BRI B SCRA R ty 4. m, =
NS T BN, XEHERTKRBR, RN EEREFER, B35 58W. RIBFIEZ
A SRR RUE R L. ARSCRIH MOPSO Bkt S8l r e, & 7 SHEUERIRHERE, (HIEa
LA [7 B [0 R 2 1] F S 3 B 2 A7) S IR Bl A5 7 A AR 2 ) 3 P 081, T a4 4 L N It 38 3R v T 1 B e 2
R AT IRAEHIN, (F7EF R K IR BAR Z R K. Jeah,  BARE IR LN I 8 T
RIL, HERESHE—ENZEN. Fik, 7ER 280 S 800 58 i thBE A R .

G, SO GUH BRI S5 M AR (T B, X PR AR R L Al S SR M R VI I SR AR B T A
o XPEACIESRA T EACR AR>S EOT TR A 3, (H S — AR S5 44 75 20 i B SE IR /K SO R B
ATREAFAEATE A PERY, & i B GUH B S AR AN A, 3 — D3 RS B TR K A P o

3 g

ASCUAARITSERATIRT IR JUMAIEORT FE XI5, R T 456 =% 8 Ak 9 43 2 A A R IS St & 1)
Bk GUH BB, Jf45a MOPSO Z¥Lfbiaik, AR, AR N0 ik GUH BIR7E K



TR A 3 PR AT VA . S5 TF

a. TN 1h IR EOK RS, it GUH FERLE g MR A4 R ME . Hae ik REu9ME
(87.12%. 0.82) fLFILIMRMA Nash Hf£EHI2H4 2 (69.70%. 0.81). F=¥ifl SCS-CN A2 &
3 (47.35%. 0.55), EAFELFHTHR AR

b. Bk GUH FEAIRILE RAFM TG . WA 1h B, S, SLonimsl rvt K R #is
BT ZEWIRKE, et REBUYME N 079, 0.84, HEAESHIAN 90.91%. 83.33%, IR
BRI NN 90.91%. 91.67%, WEHLAT 8] &A% 3R %14 100%;

c. HuEt GUH MR [ TR FE Bt 35 T L I3 gk i R B, (ELFE 0 S B N AR R R S N T 15
DU, TN T ah B BE AR R — 2 I TR K T

g LA, oot GUH BRL/EEIRAIE . JLIFRII R S F B /N i K TR AR 44 T — R e
BATARX R i . R Sl GUH BERY H A TRARKE AN A e A K SCBERY . PR %% S RE R B Y,
52, Sk GUH AL SHURITE K EERER M T R 5D, AT/ESH PR RS R K, (X
T ENARREAE DR =S4 UK TR TE N @I . FR AR SO BB S HCS FERHE . SRR 2
T FIA DR IR RATAEIR N, TERS SRS L R S 800047 58 i s BB 058 A0, S Rt sod GUH
B 5 2 BB, S m R TR RS B2

4 BEIH
[1] Liu CJ, Guo L, Ye L et al. A review of advances in China’s flash flood early-warning system. Natural Hazards, 2018, 92(2):
619-634.

[2] Luo S, Xu YP, Wang Q et al. The evolution of annual maximum daily runoff and its influencing factors under the back-
ground of urbanization: An example of Qinhuai River Basin in the lower reaches of the Yangtze River. Journal of Lake
Sciences, 2023, 35(6): 2123-2132. [/ 3K, VFAA MY, Too, 5. ST A6 5 N K FAR TR K M R 3R i —— AT
TR, WAL, 2023, 35(6): 2123-2132. ]

[3] Kotz M, Levermann A, Wenz L. The effect of rainfall changes on economic production. Nature, 2022, 601(7892): 223-227.

[4] Li WX, Jiang ML, Xu LG et al. Spatial and temporal characteristics of phytoplankton in Lake Poyang and its response to
extreme flood and drying events. Journal of Lake Sciences, 2024: 1-15. [ZE3C4F, #4452, 1R W, B8 PRSI0 i) 25
ARARFAE B H AR S A S R e B YR}, 2024: 1-15.]

[5] Ding MM, Li L, Gong LQ et al. Combined influence of extreme flooding-induced water level increase and N and P inputs on
the submerged macrophyte Vallisneria natans. Journal of Lake Sciences, 2024: 1-12. [T FHH, 224, 3849055, Womit/k S
WK AL TR R R A B X 5 (Vallisneria natans) (115 & 5204, #1822, 2024: 1-12.]

[6] Tellman B, Sullivan J A, Kuhn C et al. Satellite imaging reveals increased proportion of population exposed to floods. Nature,
2021, 596(7870): 80-86.

[7] Rentschler J, Avner P, Marconcini Ma et al. Global evidence of rapid urban growth in flood zones since 1985. Nature, 2023,
622(7981): 87-92.

[8] Kreibich H, Loon AFV, Schréer K et al. The challenge of unprecedented floods and droughts in risk management. Nature,
2022, 608(7921): 80-86.

[9] Zhai XY, Guo L, Liu RH et al. Development and Application of China Flash Flood Hydrological Model: Case Study in Small
and Medium-sized Catchments of Anhui Province. Journal of Basic Science and Engineering, 2020, 28(5): 1018-1036. [# 5
e, PO, XUTRAESE. o [ L K SCRERLRIF 1) 5 R : DL 228 A g B R R Al S TR AL 244, 2020, 28(5):
1018-1036.]

[10]  Wang RK, Lian JJ, Yuan XM et al. Torrential flood risk assessment in small watershed based on Particle Swarm Optimization
Vector Machine. Water Resources Protection, 2023: 1:13. [T 4, Zr4kdl, S04 [, 55, 2T PSO-SVM f/INAtsk 1Lt R
PR TTIRATSE. K BEUR RS, 2023: 1:13]

10



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Wu YT, Li ZJ, Qi ZY et al. Design flood calculation of watershed with lack of data based on hydrological model. Journal of
Hohai University(Natural Sciences), 2023, 51(6): 1-8+17.[ 5 B ¥, 25805, IR, &5, H&T- /K STREAY sk BERbint b 1% vt it
IKTHEL TR 2SR (B SRR AR), 2023, 51(6): 1-8+17. ]

Sherman LK. The relation of hydrographs of runoff to size and character of drainage-basins. Eos, Transactions American
Geophysical Union, 1932, 13(1): 332-339.

Nash J, Sutcliffe J. River flow forecasting through conceptual models part | — A discussion of principles. Journal of
Hydrology, 1970, 10: 282-290.

Rodr fuez-lturbe Ignacio, VALDES Juan B. The geomorphologic structure of hydrologic response. Water Resources Research,
1979, 15(6): 1409-1420.

Gupta Vijay K, Waymire Ed, Wang CT. A representation of an instantaneous unit hydrograph from geomorphology. Water
Resources Research, 1980, 16(5): 855-862.

Rodr Guez-lturbe Ignacio, GONZALEZ-SANABRIA Marcelo, BRAS Rafael L. A geomorphoclimatic theory of the
instantaneous unit hydrograph. Water Resources Research, 1982, 18(4): 877-886.

Yi B, Chen L, Zhang H et al. A time-varying distributed unit hydrograph method considering soil moisture. Hydrology and
Earth System Sciences, 2022, 26(20): 5269-5289.

Guo J. General and Analytic Unit Hydrograph and Its Applications. Journal of Hydrologic Engineering, 2022, 27(2):
04021046.

Guo J. General Unit Hydrograph from Chow’s Linear Theory of Hydrologic Systems and Its Applications. Journal of
Hydrologic Engineering, 2022, 27(10): 04022020.

Guo J. Application of General Unit Hydrograph Model for Baseflow Separation from Rainfall and Streamflow Data. Journal
of Hydrologic Engineering, 2022, 27(11): 04022027.

Guo J. Design Hydrographs in Small Watersheds from General Unit Hydrograph Model and NRCS-NOAA Rainfall
Distributions. Journal of Hydrologic Engineering, 2023, 28(5): 04023014.

Cai H, Wang Y, Zhao T et al. A general unit hydrograph distribution and its application on the marginal distribution of global
wind speed. Sustainable Horizons, 2023, 6: 100056.

Xu'Y, Liu C, Yu Q et al. Study on a Hybrid Hydrological Forecasting Model SCE-GUH by Coupling SCE-UA Optimization
Algorithm and General Unit Hydrograph. Water, 2023, 15(15): 2783.

Sun ZL, Liu YL, Chen X, et al. Review of Hydrological Model Parameter Regionalization Method. Journal of China
Hydrology, 2023, 43(4): 1-7.[#Ma7a, XIHAHE, Biak, 45, K SCRR S MR T B0 Fot g /K3, 2023, 43(4): 1-7.]

Hou DR, Zhang YW, Wang JX, et al. Study on Parameter Estimation Method of Nash Instantaneous Unit Line in Ungauged
Basin. Journal of China Hydrology, 2023, 43(6): 8-13.[f% %%, ka5, T4 &, 2 LR RHX Nash i 90728 25
KRR, /KX, 2023, 43(6): 8-13. ]

Wang HJ, Zhang JY, Wang GQ, et al. Relationships between climate, underlying surface and runoff yield and flow
concentration processes in China’ s middle and small rivers. Scientia Geographica Sinica, 2021, 41(1): 109-120.[ E %, 5k
S, FER, & B N AU S S RS AR O R, iR, 2021, 41(1): 109-120. ]

Ding YD, Jiang ML, Xu LG, et al. Flood forecasting method for reservoirs based on WOA-LSTM. Journal of Lake Sciences,
2024, 36(1): 320-332.[ T 214, Hi 4455, AT, 45, FET it SRAL ST A BDIHE AZ LR K R K T v L2, 2024,
36(1): 320-332.]

Xiang X, Ao TQ, Xiao XT. Comparative Study of Typical Parameter Optimization Algorithms in Xin’ anjiang Model.
Journal of China Hydrology, 2023, 43(3): 16-22.[[f%&, AURI, MUK, SRS HINM SRR 22 AR rh iy B2 AT L
/KL, 2023, 43(3): 16-22.]

Du YZ, Sun MY, Liu JY et al. Multi-objective Optimization of Parameters of Vertical Mixed Runoff Model Based on MOPSO
Algorithm. Water Resources and Power, 2019, 37(6): 23-27. [fLE 2R, FMEEE, XINfF, 4. FT MOPSO Sk i) 16 MR &
PR S HARRAL. K BB IR, 2019, 37(6): 23-27.]

11



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Feng Q, Li Q, Quan W et al. Overview of multiobjective particle swarm optimization algorithm. Chinese Journal of
Engineering, 2021, 43(6): 745-753. [{474, 258, 4, 5. £ HARKL TRARALSIEDT LS. TRERI2A 244, 2021, 43(6):
745-753]

Chen YB, Zhu DH. Optimal Parameter Calibration Method and Its Application of Xin’anjiang Model for Small Basin Flood
Forecasting. Acta Scientiarum Naturalium Universitatis Sunyatseni, 2005(3): 93-96. [F5 V0, At /Nt K k8 %
TR SR T7 15 R R IBITIE. o K274 (B AR FEEIR), 2005(3): 93-96.]

GB/T22482-2008, /K SC i i Tt MUV, Abst: v FE AR i i, 2009.

Ye QL, Wang WL, Wang Z. Survey of multi-objective particle swarm optimization algorithms and their applications. Journal
of Zhejiang University (Engineering Science), 2024, 58(6): 1107-1120, 1232.[H-{&¥k, £75 B, T4 £ Hirki 7RIS
15 B R FU R TR 224 (124 AR), 2024, 58(6): 1107-1120, 1232.]

Chen L, Xu J, Wang G et al. Influence of rainfall data scarcity on non-point source pollution prediction: Implications for
physically based models. Journal of Hydrology, 2018, 562: 1-16.

Chen L, Xu J, Wang G et al. Comparison of the multiple imputation approaches for imputing rainfall data series and their
applications to watershed models. Journal of Hydrology, 2019, 572: 449-460.

Tan ML, Yang XY. Effect of rainfall station density, distribution and missing values on SWAT outputs in tropical region.
Journal of Hydrology, 2020, 584: 124660.

Xu YY, Wang JX, Hou DR et al. Applicability Analysis of Generalized Unit Hydrograph in Flash Flood Simulation. Journal
of China Hydrology, 2024, 44(1): 9-16.[VFEE, L4 &, B4R ME, 45 | SCAALTE LB & F 447, /K3, 2024,
44(1): 9-16]

Zhang J, Ma JF, Ma M. Research Process on Uncertainty of Watershed Hydrological Model. Yellow River, 2022, 44(7): 30-36,
43Kk at, DG, Db, KO R s PERF Uk . N RGBT, 2022, 44(7): 30-36, 43. ]

Liu S, She DX, Zhang LP et al. Impact of discharge data error on hydrologic modelling uncertainty estimation. Engineering
Journal of Wuhan University, 2021, 54(1): 1-7.[XIFa, &30k, AT, 2. s AR R 220 K SO AN & P 20T i 5.
BUBUR 22 2R (22 RR), 2021, 54(1): 1-7.]

12



