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Fig. 1 Geographical location of river basin
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Tab. 1 Source and description of original data
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Fig. 3 Rainstorm flood simulation model of three basins in Sichuan Province based on modular small watershed flood analysis system (FFMS)
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Tab. 2 Design-storm rainfall

A HEIIAZ N/ mm
B /h AR 2= 2 [ M4/ mm
- " P=99% P=20% P=10% P=5% P=2% P=1%
24 0.58 130 5.9 175.5 227.5 280. 8 349, 7 103. 0

B4 ARAERAPRITRMHE(KHR T=24 h)

Fig. 4 Design rainstorm patterns with different return periods (Long duration =24 h)
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Tab. 3 Calibration parameters of spatio-temporal mixed source runoff generation model

SRR SR X ZHUE IR - Z}ﬁwﬁ

*M WEY KE
conductivity IRk S e S 9,00X1078~9,00X1076 2, 72X10 6~4,69X1076 2 78X107~7. 02X10°6 & 4010~ 8~2, 78X 1077
initial water content - 3EFJ I E KK 0. 001~0. 230 0. 020~0. 200 0. 050~0. 290 0. 020~0. 290
basin_actet PRSI/ (mmes 1) 0~1 000. 00 99. 30 92. 33 106. 85
basin_potet T TEAEEUOR/ (mmes™1) 0~5 000. 00 209. 02 217.88 213. 49
hru_imperv HRU [ ANEKIRTR A4 % 0~100. 00 0.23 0 2. 64
layer_depth IR/ em 0.50~2. 00 0.52~1.57 0.12~1.51 0. 12~0. 90
soil2gw_max A R KIBIR AR 0.05~1. 00 0. 06~0. 92 0. 06~0. 72 0. 29~0. 99
layer_top_depth  FJZ+ 3R /cm 0. 001~0. 500 0. 040~0. 480 0. 080~0. 490 0. 020~0. 350
pref_flow_den e 3/ em 0. 05~1. 00 0. 09~0. 90 0.17~0. 89 0.15~0. 99
slowcoef_lin 5 TR R A 0.01~1.00 0. 30~0. 99 0. 06~0. 88 0.12~0.98
fastcoef_lin PRUTH R T 2 1 R 0.01~1. 00 0. 02~0. 97 0. 22~0. 87 0.57~0. 98
slowcoef_sq 183 H RS T R 0.01~2.00 0.07~0. 87 0.21~2.00 0.02~2. 00
fastcoef_sq P BT B2 8 0.01~2.00 0.52~1. 87 0.33~1.93 0.01~1.72
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Tab. 4 Flood simulation results of the three basins

K Hif ] BWAKTHR  Eu R?
% ZEW(1968—1992) 12 0.71 0.74
%1

IAiF (1993—2012) 11 0.73 0.77
,a FEH](1980—1998) 17 0. 84 0. 85

=

IUF] (1999—2012) 12 0.79 0.81
) HAEW(1994—2003) 6 0. 85 0. 85
WEH .

IIEH (2004—2012) 3 0. 60 0. 65

RERIBI A R L 4. i 4 L R E R
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EPERECH 0. 60 F1 0. 65 LAk, H4x 13k 0.7 DA I
2.2 LA R oA AR
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ArcGIS #RAFTFRE B U4 3 A/INi I ) 45 L )
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ATLAE H PUIAE 3 AN 33 LA pb ok 32, 6
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RH 5 I R Y 65. 62% , I F 33 A Mot
A7 R AR 48. 1700 iU L 56 1 I
B H, R T ARG 25. 70940, R B I L o R
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Tab. 5 Land use types of the three watersheds
N~ A R
EERIN VA B/ % BR/ 0 WEM/ Y KIBOKRIRHERM % BEASAX) /Y WS km?

P3| 57.01 25.70 16. 65 0. 38 0. 03 0.23 624. 64
o ke 65. 62 13. 67 18. 00 0 0. 07 2. 64 274. 83
WEY 48. 17 42.06 9. 77 0 0 0 403. 60

5 3AiRE LA AR

Fig. 5 Map of land use types of the three watersheds
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Tab. 6 Runoff coefficients under design rainstorm patterns

with different return periods

ik [EpRi!
1la 5a 10a 20a 50a 100a

fRAETE 0.17  0.29 0.31 0.32 0.31 0.31
JEpAl 0.16  0.28 0.30 0.31 0.31 0.30

PNE!
fJEHE 0.16  0.27 0.29 0.30 0.30 0.30
P& 0.16 0.28 0.30 0.31 0.31 0.30
AT 0.17  0.24 0.24 0.23 0.22 0.22
. Jadi#l 0,16 0.23  0.23  0.22 0.22 0.21
X fRE®  0.16  0.22 0.22 0.22 0.21 0.21
W 0.16 0.23 0.23 0.23 0.22 0.21
fWEG®  0.11 0.13 0.15 0.15 0.15 0.15
T A 011 0.13 0.14 0.15 0.14 0.14
1

/5% 0.11 0.13 0.14 0.14 0.14 0.13

Wi 0.11 0.13 0.14 0.15 0.14 0.14

R7 AERERBPIZITTETHE TR HIERE
Tab. 7 Flood peak modulus under design rainstorm

patterns with different return periods

m?®/(s « km?)

1la 5 a 10a 20a 50a 100 a

fWETHES  3.05 18.29 27.12 34.90 45.12 53.65

AR 3,35 21.52 30.95 40.90 53.74 63.98

PN
WG 3.72 24,11 34.97 45.72 59.21 69.93
¥ 3.37 21.31 31.01 40.51 52.69 62.52
fRATE  3.28 20.49 26.67 33.49 43.30 50.76
) JEh 3,44 23,11 31.00 38.22 49.28 57.11
x fRJGA  3.68 25.90 33.93 40.01 50.44 58.92
Y 3.47 23.17 30.53 37.24 47.67 55.60
AR 1.75 8.68 13.06 17.59 22.61 24,41
— JEFRRL 181 9.73 14.70 19.72 23.81 25.74

/5% 1.90 11.11 17.00 22.39 24.39 26.67

HH 1.82  9.84 14.92 19.90 23.60 25.61
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SR AR TR BB R 0,16 ~0.31,0.16 ~0. 23,
0. 11~0. 15, -t 06 B 8043 1 3. 37 ~ 62. 52,
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BYTE A F I S R AL AR T AR R B - 24428 0k
REH AR E =510 >0 E 37 4k, kg B EORD
PR Rt 1 oh R B > 56 1 > F 33 . 156
Bl 3 AT SR A A 5 R, AR A A
RSN T AR T R BT B I B B A X
I/ NFFAE
2.3.1 FRMEHEZERBATEELH

T KA

TEA [V E B 254 B A i R A E it N B
T2 T T R 114 T 057 T8 5 % 1717 48 W 0/ » A6 A (]
A 5 A b it o AR R AR i B ) 1 i
W/ LA 10 a — 38 (% 5130 A 1] - O 8 3 kA iy 78
BIMABCN 0. 31, JEH R R HCHh 0. 30, 5 A
R AKCH 0. 29, KB FdsAE 3 PR R 423 A5
PIE R 0. 305 5 H U m i A2 I R Bh 0. 24, &/
HRIAR I RO 0. 23 fi 5 BRI R BCR 0. 22, %
FIidslfe 3 Fia B T AR I R AR W 308K 0. 2350
F i B B AR R R RO 0. 15, & rh BUAR I R AR
0. 14 A e BRI R ECH 0. 14, I E A 3
PR AT AR RECE R 0. 14, AT 0, 7E [H]
—EIWIRMA T, KE RO EGRB NIRRT R
R R E >0 1 >0 F S 3 e iy 284 T 78 > J
AT A > i 5 BRI A . AR 1 7 o R 0BG 0 3
FEHOR SEIE I (45 T 18 A28 Ik i 22 I A R
H A TR Y T L RN 0, BT R R T
TIEAB R IR RS I E 2 1 f5 B R A
AT R B o BE R A 3 50 LS T LA B R,
H= i L& W R TR IRAH T
AR TR B AR T A R i R R AR A D
JiE v 2 T R DU i 75 R R S TR R 2 (]
5a—i8.20 a —BEEII A FFER B

TEAN R E BT 254 I P I AR A it N Bt
T T 7R P T U7 8 1) 05 % TS BT K, ZE AN [R) A
PR R I e A PR R A i T A 1 T
ANo LA 20 a — 38 k5] 2R A SR 0 T 7R R TR Y ki
BB 34,90 m® /(s km?) , Jig o 70U R 28 ) g3 e A
A 40.90 m® /(s « km?) , i Ji 50 F 75 f¢) gk s A
45,72 m? /(s o km®) PRI PN Tk 06 AR ENM I AT

HEREL R o 147



F20% F 18 #@AHES AABHCFEO

2022 4 2 F

RS S e i 75 S G i R A BRIV 5 7Y R 7Y
T R L 0 378 1 R F Ja b B R T R AR . S T
W E R EA WS, fER R 55 0
Wb RE O D 3P U ik A AR R 35 18 45 S
7 40.51.37.24.19. 90 m®/(s » km?) , s R H 34
EHAKE>KO >V EY, S TR TH
PR R A KB > K0 > EY,
2.3.2 A EMEBEZEREAELS R RITE
R A A T X K 1R A

FEANTR) IR T2 W R 2 2% T AR R b A EE
LULOb N N ST G 7 N DY RN ST BN
B3 1.5.10,20,50,100 a — i 14875 25045 Bk
0. 16.0. 28.0. 30,0. 31,0. 31,0. 30, ikl a—iff
# 100 a —H AR R E 53 %124 0.16,0. 23,0. 23,
0.22.0.22.0. 21, W EF 1 a —#E[100 a— i
WA 3% 2804 2k 0.11,0. 13,0, 14,0. 15, 0. 14,
0.14, wJLIE HFEF—MEF , 3 A/t bl bl % 5
BTG AR R BT A — B R TR AR IR
B MBS AR GO NI RRE . AN R &
I 20 a —iB A1 50 a — i fY P K AR I R B, UL
B R B AR S B R A R 20 a — B 50 a — i
AFEKAEXS F 1 a —i8.5 a—i%.,10 a —i#.,100 a
— I K TE Z P B T 423

FEANTR) IR T2 W R 2 2% 1 T b e RS 5 b 2 2 3
SRR R MG K [RIAE DL A 28R Y A 1L R
B 1 a —iBE] 100 a — i 1 LI REC 1 8
3.35,21. 52,30. 95.40. 90.53. 74,63. 98 m’ /(s + ko),
KO 1 a —#F] 100 a — 18 By L BE 51K
3.44,23.11,31. 00, 38. 22, 49. 28.57. 11 m’/(s « km?),
DESIE 1 a —i#%)] 100 a — B PR 1N
1.81.9.73,14.70,19.72,23.81.25. 74 m’/(s » km?),
Wil T U A 1GR3 AT B ) R I A RO I L
SRR S Ui R I RS AU T
) UL I 7 LR I K

FEATR) I W 7 55 2 o Wi PR R T o
FERETIN AR R BT AR U R A BB EOR T 3
PRV S8 U /N R A T LA A A 3 I Y o
L [RIEE A AR R AT ARG K A 3 o LB Y L i
i H S KER . BEE 3 IR AR B o5
JEERG TN P AR L A UL s 3R KRR T B
R, X EXITCRAE RS RIEA ], i
BB AR L B LG ) 2 B S (R M S e R L B
3 AN At IR AR Bl 7 5 R B X AR T A 1
YE AR, T B i A2 0 et ik b . (HAEAS
) T 25 1 T AN TR R T I AL &R T . 20

« 148 « #FRELHE

F RO HE IR 2 B AN R . fEAN R S B
ZEAETR AT PR R B i 25 0 e e TR B i 2
(E Y s WY SRR kA VRSN SN SR A
TEANRI BT R L A2 0 A Kb 4 5 B A 4
JINSEHE S Dol i) » b e R o 2 BB ey 34
T BT R

3% i

=A

AR SCREAEG A NI A 2K SORRE RS 28 7
AW T U148 3 At XN I 4 7
3 AUt dER 23 A 2K SO B R 3t 3K S e A7 A
U I AR BRI 28 IR B A A 3 AN )
TR /R T BRI K SO R SRR

3 AP PP AR AR S ALV n] Y [
P I 23 AR PR A 7 A A R T /N g el g b
BRAURA —E B IE ITE

3 A URIAE 25 T BUIYY S 4% W R A% R R AR &
ORIV 249 A 30 28 80 T 0 50T - g 0 e A5 i
R E =56 A>T E 8 5 U bk B 8 5 B R
/N

TEAN R B2 AE R VI P W 2 el i 2
AR E) i i R L AR AR R B/ VA B AR
SRR . TEAFBT MRS AR
ZA R BB B B 35 R STHE R s i), P IgA
Kbt S B R AN R

T e T LA 27 A i R K A0 K
YR Al 5 T T R FIAS [+) S S 25 1 e
Xt AN [RIAR B i ) L1 DX/ N RS R 2 0 A B T e i
Ll X% K AL D Lt o 3 U R R IS4
AW FEATIIRAFAEAR 22 9 AN 72 1 B0 436 I 2 72 R
B R AN E PR 45 7 A R 2 L LA SRS
SCR BB 2% TR 25 DA A5 R 2 o AR A i 22
IOLFH T2 » PRI 73 BT A [R]85 R 2 i 7B 8 11 ik
KIS R 22 S A T it — 2D HIBESE

2 2% 3Lk (References)

(1] T FEE. A7 E, 5 B2 EZ IR RS
CT P ESRAR Y J7 s AR LT SR
93k ., 2006, 2(1): 3-8. (DING Y H,REN G Y,
SHI G Y., et al. National assessment report on climate
( I):The history and future trend of climate change in
China[ J . Climate Change Research, 2006,2(1);3-8. (in
Chinese)) DOI:10. 3969/j. issn. 1673-1719. 2007. z1. 001.

(2] ZERI, 5K, B TROMHRM BERHY 23R iR K AR
TR WFE[T ], G, 2016, 36 (1) :10-19. (LI G,
ZHANG L. Long-term trends of brightness tempera-



BT, 4

T BB 30 B T T WA e

(3]

[4]

(5]

(6]

7]

(8]

(9]

[10]

[11]

ture based on microwave sounding datal J |. Journal of
the Meteorological Science, 2016, 36 (1): 10-19. (in
Chinese)) DOI: 10. 3969/2015jms. 0074.
NG R T8 25T 4. VY 22T 2 w3807 i 43 A 2
XPSRELT . PH LB TR 72 4H, 2020, 36 (3) : 1-6. (HOU
J M,KANG Y D, LI X, et al. Cause and countermeasure
of urban flood inundation caused by heavy storm in Xi'an
City[J . Journal of Xi'an University of Technology.,
2020,36(3) :1-6. (in Chinese)) DOI; 10. 19322/j. cnki.
issn. 1006-4710. 2020. 03. 001.
FER VSO SEAR N S5 BT B B A AL 1Y 152
TR BT L) ] b 45 K HE K L 2021, 37(5) £ 97-
105. (TANG M, XU W B, YAO ] H,et al. Design rain-
storm patterns based on numerical simulation of urban
flooding[ J]. China Water & Wastewater,2021,37(5) .
97-105. (in Chinese)) DOI: 10. 19853/j. zgjsps. 1000-
4602. 2021. 05. 015.
. Jb T T AR TR AR R X TR 25 T B AR 1) 5 T 43
HrLD. st M a8 LA K%, 2015, (ZHANG X J.
The features of summer precipitation and the influence
of design storm in Beijing area[ D]. Nanjing: Nanjing
University of Information Science & Technology, 2015
(in Chinese))
KEIFER C J,CHU A A. Synthetic storm pattern for
drainage design[ J]. Journal of Hydraulic Engineering.,
1957,83(4) :1-25. DOI; 10. 1061/JYCEA]J. 0000104.
HUFF F A. Time distribution of rainfall in heavy storms
[J]. Water Resources Research, 1967, 3 (4):1007-1010.
DOI:10. 1029/wr003i004p01007.
PILGRIM D H, CORDERY 1. Rainfall temporal pat-
terns for design floods[ J]. American Society of Civil
Engineers, 1975, 101 (1): 81-95. DOI. 10. 1061/
JYCEAJ. 0004557.
YEN B C,CHOW V T. Design hyetographs for small
drainage structures[ J]. American Society of Civil Engi-
neers, 1980, 106 (6): 1055-1076. DOI. 10. 1061/
JYCEAJ. 0005442,
TR VA AR, T 04 45 I R R R 1588 B X SWMIML
RIS R )R T8 R BORE 5 e 43 BT L) . oK BOR
2018, 37 (3): 95-101. (ZHAO K Q, YAN H X,
WANG Y Y, et al. Effects of rainfall pattern and in-
tensity on local sensitivity of parameters in storm wa-
ter management model (SWMM)[ ] ]. Water Purifica-
tion Technology, 2018, 37 (3);95-101. (in Chinese))
DOI: 10. 15890/]. cnki. jsjs. 2018. 03. 017.
PKE Y, FRELAE, £ 5T, 55, Vo 2 TR AL IR T N
i BB AL T ] KB 273k i, 2017, 28 (6) - 820~
828. (HOU J M, GOU K H, WANG Z L, et al
Numerical simulation of design storm pattern effects

on urban flood inundation[ J ]. Advances in Water Sci-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ence, 2017, 28 (6) ; 820-828. (in Chinese)) DOI: 10.
14042/j. enki. 32. 1309. 2017. 06. 003.

BCFE S WRARE BRI Bt 4. sDUTH B R Y R 04 g
FHAHE K B 95 19 40 87 () . TR 9¢ %, 2020, 39 (5)
532-538. (CHENG D,CHEN C Z,CHEN Z H.et al.
Analysis of rainfall peak and duration of rainstorm for
drainage and waterlogging prevention in Wuhan[ ] ].
Torrential Rain and Disasters, 2020, 39(5) : 532-538.
(in Chinese)) DOI. 10. 3969/j. issn. 1004-9045. 2020.
05. 012.

ZHANG L,NAN Z, YU W,et al. Comparison of baseline
period choices for separating climate and land use/
land cover change impacts on watershed hydrology
using distributed hydrological models[ J]. Science of
the Total Environment, 2018, 622: 1016-1028. DOI.
10. 1016/j. scitotenv. 2017, 12. 055.

IRARE oK R SF N SWAT BRI i)
T A b A A AU A AR i A L . A= 22y
#2.2014,34(6) : 1559-1567. (GUO J T,ZHANG Z Q,
WANG S P, et al. Appling SWAT model to explore the
impact of changes in land use and climate on stream-
flow in a watershed of northern Chinal J]. Acta Eco-
logica Sinica, 2014, 34 (6):1559-1567. (in Chinese))
DOI.: 10. 5846 /stsbh201304190746.

TRH B R AP S BUTL R - R A A A
PR SCRI A AL RIE 5 [T . VL % R 5 B 4
2014,23(10) : 1449-1455. (ZHANG X, DENG Z M,
LID,et al. Simulation of hydrological response to land
use/cover change in Hanjiang basin[ J]. Resources
and Environment in the Yangtze Basin, 2014,23(10) ;
1449-1455. (in Chinese)) DOI: 10. 11870/cjlyzyy-
hj201410016.

BRI EEIIR, S BT A UK SO (SWAT )
1) b R 0 A0 7 A X kT 9 B8 K SR e R AIE
1. sp E Vb, 2017, 37 (1) 175-185. (WANG Y,
ZHANG Q,WANG ] S, et al. Appling SWAT model
to explore the impacts of land use and climate changes
on the hydrological characteristics in Taohe River ba-
sin. [ J]. Journal of Desert Research,2017,37(1):175-
185. (in Chinese)) DOI: 10. 7522/j. issn. 1000-694X.
2015. 00189.

I EW L TR, 55, T CMDAS 3R 3] SWAT
HE 2 FRPH 1T O 7K S 56 23 8 AR B M 0 BT
[J]. A &2, 2017, 37(21) : 7114-7127. (MENG X
Y,WANG H,LEI X H, et al. Simulation, validation,
and analysis of hydrological components of Jingbo
River basin based on the SWAT model driven by
CMADS J]. Acta Ecologica Sinica, 2017,37(21):7114-
7127. (in Chinese)) DOI. 10. 5846/ stxb201608231719.
WANG H,SUN F,XIA J,et al. Impact of LUCC on

HERELR o 149 -



F20% F 18 #@AHES AABHCFEO

2022 4 2 F

[19]

[20]

[21]

[22]

(23]

[24]

150 -

streamflow based on the SWAT model over the Wei
River basin on the Loess Plateau in China[ ] ]. Hydrol-
ogy and Earth System Sciences, 2017, 21 (4): 1929-
1945. DOI.; 10. 5194 /hess—21-1929-2017.

BR2F R 2% A5 R A%, 30 TV IR IR B ) 2% i oot
LUCC g 7k mi o7 [T . S #4717 9% U 5 36 B8 2
2015,10(4):63-68. (CHEN F,CHEN X W.,CHEN
Y. Simulation of effects of LUCC on flood evolution in
Xixi watershed, Jinjiang River[ ] |. Journal of Subtrop-
ical Resources and Environment, 2015, 10(4) ; 63-68.
(in Chinese)) DOI: 10. 19687/j. cnki. 1673-7105.
2015. 04. 010.

TR VPR NG TRAE L S e A AR A X
[vi) T AT AL 7 ) 582 00« L 2 A1 TS 0 K P O 4 A 191
[J]. A= 2524, 2016, 36 (16) : 5017-5026. (LEI C G,
XU Y P,ZHANG Q Y, et al. Impacts of land-use
change on flood process and frequency of various re-
turn periods: A case study of Jiaokou reservoir water-
shed in Fenghua River[]J]. Acta Ecologica Ainica,
2016, 36 (16): 5017-5026. (in Chinese)) DOI. 10.
5846/stxb201501220183.

RS EARA Rl g A 45, 2T LUCC Ry Z& i
R R kAR 1 A L) ] A VIR 2 B B Al 2018, 35
(6):47-52 (GAO'Y Q,WANG H Z,LU X H,et al.
Simulation of rainstorm flood response in Qinhuai
River drainage basin under land use cover changes
[J]. Journal of Yangtze River Scientific Research In-
stitute, 2018, 35 (6) : 47-52. (in Chinese)) DOI: 10.
11988/ ckyyb. 20171082.

TR, T IR A ) 45 U B g R B AR AT
fe L) ] N R, 2020, 42(10) £ 29-33.
(ZHANG G D,ZHANG Z X, YU Y, et al. Effects of
land use change on runoff in the typical areas in upper
Fenhe River basin[ J]. Yellow River, 2020, 42 (10) .
29-33. (in Chinese)) DOI: 10. 3969/j. issn. 1000~
1379. 2020. 10. 006.

TRERZE TR BRI AR L 45, PRV Ui AR A2 i R 5L
AR WL R HE R PR i LD 1. K i B IR R
2021,39(5):37-41. (ZHANG Y Q,GAO C,CHEN X
D, et al. Variation of runoff coefficient and its influen-
cing factors in upper reaches of Xijiang River basin
[J]. Water Resources and Power, 2021, 39 (5): 37-
41. (in Chinese))

G ME e YT AR I A S RRALE B LR TR R
BEFELT]. K BE IR 5 K TR A 4. 2021, 82 (1) 7-13.
(HAN Y,ZHANG S F. Characteristics of runoff vari-
ations and their influencing factor in Haihe River ba-
sin[J]. Journal of Water Resources and Water Engi-
neering,2021,32 (1) 7-13. (in Chinese)) DOI: 10.
11705/j. issn. 1672-643X. 2021. 01. 02.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

EPRHT 22, AR A U T U A L XA U R U
e BT mKACIE 5 KRR (R 3830 . 2021,
19(4) :669-679. (WANG Q M, JIANG S,LI S, at al.

Influencing factors of surface runoff attenuation in
mountainous areas of the Daqing River basin[]].

South-to-North Water Transfers and Water Science
&. Technology. 2021, 19 (4):669-679. (in Chinese))
DOI; 10. 13476/j. cnki. nshdqk. 2021. 0070.

XU, He T I 4 R 45 5 ) R UK SRR RIF 5E
[DJ. dbat: Jb bkl K%, 2006, (LIU L F. A re-
search on the hydrological comparability of the Caijia-
chuan basin based on the topographic index[ D]. Bei-
jing: Beijing Forestry University,2006. (in Chinese))

UL, By 2205, JE T MR FRAE 09 0 K SO Bt
[J]. B A28, 2003 (6) : 709-715. (KONG F Z, RUI
X F. Hydrological similarity of catchments based on
topography[ J]. Geographical Research,2003(6) ;709-
715. (in Chinese)) DOI: 10. 3321/j. issn: 1000-0585.

2003. 06. 005.

BLUKTE . TRk SO B A1 2B B R LD . JE 5. i K
FI7K |, B 22 B 98 Bé» 2020. (ZHU B J. Preliminary
study on hydrological similarity of watershed[ D]. Bei-
jing:China Institute of Water Resources and Hydro-
power Research,2020. (in Chinese))

XV E %, 3 A8, 4. /Nl 2% W9 LUk K SO
KB 07 A LB BT LT . DK A K R
WFSEE 24 4], 2019, 17 (4) ; 262-270. (LIU C J, WEN
L,ZHOU ], et al. Comparative analysis of hydrologi-
cal and hydrodynamic calculation method for flash
flood in small watershed[ ] ]. Journal of China Institu-
te of Water Resources and Hydropower Research,
2019,17(4):262-270. (in Chinese)) DOI: 10. 13244/
j. enki. jiwhr. 2019. 04. 003.

S, R E T ] ST, 45 A AT 5 R T K B
FRUE R BT LT ). K FIK B R, 2019, 50(6) : 78-
84. (MA S,LIU C J,HE B S, et al. Analysis on tem-
poral and spatial characteristics of rainstorm and flood
simulation in Wendehe watershed [ J ]. Water Re-
sources and Hydropower Engineering, 2019, 50(6):
78-84. (in Chinese)) DOI. 10. 13928/j. cnki. wrahe.

2019. 06. 010.

T, iEsr e, T R, 3T DEM 9434 X7k SO R
FETE L B A L), R g IR 5 30 4%, 2012,
21(1):71-78. (LONG H F,XIONG L H,WAN M.

Application of DEM based distributed hydrological
model in Qinjiang River basin[ ] |. Resources and En-
vironment in The Yangtze Basin, 2012,21(1).71-78.

(in Chinese))

FEHAR, XS], RE . BT DEM 4311 2K S0
B LR R [T]. B SR ¥E IR 24 ik, 2003, 18 (2) : 168-



TMLE FEAHE &R B R R WA e

173. (WANG Z G,LIU C M, WU X F. A review of 1998. 01. 007.
the studies on distributed hydrological model based on [35] SE/NER, W HE, B By, 2. LUCC K S 4 28 Ak 3 1 i 1T
DEM][J]. Journal of Nature Resources, 2003, 18(2) . mER R B2, 2019,39(13) : 4687-
168-173. (in Chinese)) DOI: 10. 3321/j. issn: 1000- 4696. (DOU X D, HUANG W, YI Q.et al. Impacts of
3037. 2003. 02. 007. LUCC climate change on runoff in Lancang River
(33] VHAEH KA, EREMY 45, T TR B 1% g 7 39071 T it basin[ J]. Acta Ecologica Sinica, 2019,39(13) ; 4687-
FZKAR 5 G e L) . AR A8 3R BT 22 4l 2015, 24 4696. (in Chinese)) DOI: 10. 5846/@txb201811302610
(3):418-426. (FENG C M,MI N,WANG X T,et al. [36] XUTCE, 560, M0, 2. Moo 22 H T /N i sk it
Analysis of road runoff pollutants in northern city Xﬁ*ﬁ?ﬁ*ﬂ*ﬁﬂﬂﬁ‘]"lﬁ]ﬂ‘-U\[J_I;FIID‘JE'@AJXL“ﬁJ;%Q”%m
based on the typical rainfall[ ] ]. Ecology and Environ- AT, K AR 4R . 2020, 34 (5) : 20-25. (LIU Y
ment, 2015,24 (3);418-426. (in Chinese)) DOI: 10. H,HAN J Q,JIAO J Y,et al. Response of small wa-
16258/, cnki. 1674-5906. 2015. 03. 008. tershed flood peak to vegetation and terraces under
[34] A EY 0% G54, WM AR )] K extreme rainstorm: A case study of rainstorm of ty-
Bl b E, 1998, 9 (1) : 41-46. (CEN G P, SHEN ], phoon " Lekima" in Linqu, Shandong Province[ ] ].
FAN R S. Research on rainfall pattern of urban design Journal of Soil and Water Conservation, 2020, 34(5) .
storm[ ] ]. Advances in Water Science, 1998,9(1);41- 20-25. (in Chinese)) DOI: 10. 13870/j. cnki. stbexb.
46. (in Chinese)) DOI: 10. 14042/j. cnki. 32. 1309. 2020. 05. 003.

Response of different vegetation cover to different design rainstorm patterns in the watersheds
GUAN Minghong'? , WANG Genxu®, LI You'?
(1. Institute o f Mountain Hazards and Environment Chinese Academy of Science ,Chengdu 610041,China;
2. University of Chinese Academy of Science ,Beijing 100049, China;
3. State Key Laboratory of Hydraulics and Mountain River Engineering ,College o f Water
Resource and Hydropower , Sichuan University ,Chengdu 610065, China)

Abstract: The global warming trend has intensified, increasing the frequency of heavy rain disasters in China,making the moun-
tain watershed easy to produce flash floods. Rain pattern was one of the influencing factors of mountain torrent disaster. Apply-
ing the designed rainstorm pattern to watersheds with different vegetation coverage rates in mountainous areas may help to ana-
lyze the impact of design rainstorm patterns in different return periods in watersheds. Thus it is important to reveal the response
law of different vegetation coverage basins in mountainous areas to different rainstorms, and provide technical support for a
more reasonable analysis of mountain rainstorms and floods.

The Dayi, Guankou,and Hanwangchang watersheds in Sichuan Province were taken as the study area,and the spatio-tem-
poral variable source mixed runoff generation model was used. The runoff coefficient, flood peak modulus, average runoff coeffi-
cient, and average flood peak modulus were used to design rainstorms for different return periods. Analysis of the hydrological
process was formed by precipitation under different vegetation coverage in the watershed under different vegetation conditions.

In the three small watersheds of Sichuan Province simulated by the spatio-temporal variable source mixed runoff generation
model, the simulation accuracy evaluation index values were within the allowable range, indicating that the spatio-temporal vari-
able source mixed runoff generation model was suitable for flood process simulation in small mountain basins. The runoff coeffi-
cient and flood peak modulus showed different characteristics under different return periods and different design rainstorm con-
ditions. Under different return period conditions., the rainfall patterns in the basin show a decreasing trend from the front type,
the middle type to the rear type,and the flood peak modulus is increasing. Under different rainstorm designs conditions, the run-
off coefficient first increases and then decreases slightly and then tends to a stable state under increase of the return period,and
the flood peak modulus increases with the increase of the return period.

The watersheds with different vegetation coverage respond differently to the designed rainstorm patterns in different return
periods,and the watersheds with higher vegetation coverage have smaller runoff coefficients and flood peak modulus. Under dif-
ferent return periods and different design rainstorm conditions, the runoff coefficient and flood peak modulus present different
characteristics, which have a certain impact on the formation of runoff in the basin. In the Guankou basin,its peak discharge and
peak emergence time show a certain trend with the increase of the return period and the different design rainstorm patterns. Ob-
serving the changes in the flooding process under different recurrence periods and different design rainstorm conditions is of
great significance for mastering the law of storm floods in mountainous areas.

Key words: flood model; design rainstorm type; spatio-temporal variable source mixed runoff; Guankou basin; Hangwangchang basin
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