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Applications of a GIS-based Paddy Inundation Simulation System
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Abstract

A GIS-based paddy inundation simulation system which is capable of simulating temporal and spatial
inundation processes was established and applied in this paper. The system is composed of HEC-GeoHMS,
and HEC-GeoRAS modules which interface the GIS and flood runoff models, and HEC-HMS, and HEC-RAS
models which estimate the flood runoff. It was used to simulate storm runoff and inundation for a small
rural watershed, the Baran HP#7, which is 10.69 km? in size. The simulated peak runoff, time to peak, and
total direct runoff for eight storms were compared with the observed data. The results showed that the
coefficient of determination (Rz) for the observed peak runoff was 0.99 and an error, RMSE, 11.862 m’/s
for calibration stages. In the model verification, R® was 0.99 and RMSE 1.296 m’ss. Paddj/ inundation for
each paddy growing stages in study watershed were estimated using verified inundation simulation system

when probability rainfall was applied.

Keywords : HEC-GeoRAS, HEC-RAS, GIS, inundation, paddy

LM &

FA7IEFALY MFAAARIZ | EA G 3
Seuere) w734 WAL g F2 89
FodE A7) A8 FHL YoH, A+
Ee4e) g K23 A ok R F3A FT

«  AgUa A4 etATYE, A
= FYPR LT ¥E&Er4H
o Mgt FAAG G
*  Corresponding author. Tel.: +82-2-880-4591
Fax: +82-2-873-8725
E-mail address: smkim97@plazal.snu.ac.kr

FHHNE B8 W A5 YHFE FH3t u)
FAA dife] wg AA #4E FPE die
A dAE Pk Xk {99 7EEE &
A& AR BA A3 ARy, 5%
FHE FAd AedAE s, A
ke % A WiFAdE 729 ditkg 4
Adx, AAY AF AFLEHE AXF Ot
42 AAE $Hshs 59 4¥9 S AA
H8e FHFY(Ministry of Agriculture and
Forestry, 2001).%

A SYdet die A Y RN wd
TIEAbIA g e AR A2"

107



GIS 71t 573A J+EgA 29 72 9 34

(flood analysis system, FAS)E o]&3t2 it}
FASOIM fQolMe 2% 4L =7 it
92 B3 FAsH, 47 o= FFAY
SCS Wiel 71x3tx Utk ETHelM e F5
Fo] FPL 7 2/9HE Mo AUsE &
GAITHE AN 9 /fE23%2 $A%:
Muskingum & o] 8-#tH(Ministry of Agri—
culture and Forestry, 1997).”

A2 GISY wad FAAx9 AFoZ GIS 7
d FEEYY AEE 28] @8 AT i
1F042) 1 gt} GISE ol43l fdAAE 2
st W, F2F, ZAL frY ¥H CN, &2
17t AR 9 A7 28 499 #58
A EAT APEANE FER AYAE AATY
2¥o] fsa gtk £, 7189 +ER¥Y A
Yag A 2Yo] dAEl 42 F UA=E
TEEYo] GIS 7|4t AYPAE AAEY Z¥HY
E3isjo] Agsn 9k SHE, TOPMODEL, HEC-
HMS, HEC-RAS, HSPF, SWAT3 2 7|&9
FE, F4 B¥o] GISY dA 42 + UEEF
FA3 AdEHNeH, oA FAe FEL AL
g 207 HAY ol: FEEYL GISY AAst
of TEE FS 2o WY YYAEE &3}
v 285E AL 288 ARE & Y3 V&
o W v AYs AHE 9& F o9, 23
& e L FAsked 294 £do)7]
wlzolt},

GISS} QAY FEEHEE F47E, AFEYd
A4 A AR Aed F47 G943
WA chEe] £o] fE5HA ol4¥ £ U
Aoz Add. 3 IR #|F AFe
EAAY fEdY 288 o8l EANFAR
oM AeRE Bostn AFEHF w|wsd
ALAE B718 v Yo (Lee et al, 1988)°
ZE1EAAT SCS AAEAEYE ol4d +
A% ALY Mdstd g A A
Age moEithPark et al, 2000).!Y Az

[«

ol

>
i

108

GISS} QAR F4HES 2o = Q= HEC-
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Fig. 1 Conceptual diagram of GIS based paddy inundation simulation system
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Table 1 Watershed characteristics of study area

Area Flow length | Shape Relief . . Slope Stream frequency
Sub watershed (ha) (km) coeff. (m) Relief ratio (m/m) (ea/kmd)
HP #7 1,068.8 6.95 2.272 285 0.0392 0.0073 147
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Table 1& HP#7 AF99 GHEA

Ak

0.0k

3 LR AETE

7t GIS A=TH
FPAGLANN +58 1/5,000 NGIS FHA %,

FAFHANN 753 1/25000 FUE

° Water level gauge

L.0km 2.0km A Groundwater levsl gauge

Fig. 2 Hydrological monitoring networks of study watershed
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Table 2 Characteristics of Remote sensing data
No. of i . Cloud Data size R
scene Path-Row Date Time coverage (%) (MB) Remark
1 116-34 98/11/10 01:50:02 0 2799 ™
2 116-34 96/09/01 01:27:59 1 2799 ™
110 dET =7 A468 A53, 2004



28 4ER e

F%E 02 mm $2 40| 7bsd EHEHRY FAA 2, Jad &4 Fof, IJud By F5
ANeBAE olgslel A%y, A FAx §Y AYE F8 HEC-RASIAM dLos AF#
222 A7) A% 44 Hlﬂa A A8t d YdgAss s € o9 Fig 4¢
#E3gh 4 =944 Global WaterAbelA] HEC-GeoRASE o3 753 TIN# 744,
7HE WL-14 Global Water Level Loggerg o) 3 Y doldE FHst sz glew,

4319t} Fig. 3& HP#7 A39 199695
2002971419 d¥ 739 9 AR E HoFEy
At FA-FF BAE A=EZ FY3)0] A5
TE30n, Table 3 HP#7 A& oig
19969%E 20020749 $9-5% BAZ »
o5 gith,

a TTTT’ g

2.5

2.0

mm)

E 15 I
250

« 300
2 o

0o bl "ﬂ* U Jn_

96/Mar 97/Mar 98/Mar 99/Mar 00/Mar 0t/Mar 02/Mar
Time (year)

Fig. 3 Daily streamflow stage at HP#7 station

ainfall (

[}
3 1.0
£ 350
400 O
450
500

Table 3 Stage-discharge relationships at HP#7 station

Station Stage-discharge relationship R
Q = 18.045 h*®™ (1996~1998/8) | 0.916
HP#7 | Q = 24987 h"™ (1998/9~2000) | 0.903
Q = 72139 W™ (2001~2002) | 0983

Q : Discharge (ni/s), h: Stage (m)
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Fig. 5 Stream network establishment of project area
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Fig. 6 Longitudinal section of the main stream
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Table 4 Calibration result of HEC-RAS model for HP#7 watershed

Storm event  |Rainfall (mm) AMC Peak flow (m'/s) Time to peak (b)
Observed Simulated Observed Simulated
1996/07/15 39.0 1 1.277 1.160 6.67 5.70
1996/07/27 335 1 1.900 2.190 400 450
1997/06/30 1395 1 18.320 18870 12.00 11.20
2000/07/22 303.6 1 132.196 108.480 10.66 11.00
R squared - - - 0.9989 - 0.9578
RMSE - - - 11.862 - 0.698
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Fig. 9 Scatter diagram of peak flow for verification Fig. 10 Scatter diagram of peak flow for verification

Table 5 Verification result of HEC-RAS model for HP#7 watershed

Storm event Rainfall AMC Peak flow (m’/s) Time to peak (h)

(mm) Observed Simulated Observed Simulated
1997/06/25 535 2 3587 1.770 750 8.00
1997/06/30 1395 1 18320 18870 12.00 11.20
2000/07/22 465 1 1.908 1122 1433 13.70
2001/07/30 1376 3 12.871 14.450 367 2.00
R squared - - - 0.9887 - 09711
RMSE - - - 1.29 - 1.009

Hs o]&dte] N FE7eHd WE T4 (2000090 AABIE 3lE 49 AAHY FEZFS
Ae38e BoEigith AlERYY SETHS FE o] g3glon, FUSFFAL A&HAHE AH
Ministry of Construction and Transportation 717be]| W FE79ES U3 Table 63 Zr

o
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Table 6 Probability rainfall in Suwon

Duration Return period (year)
(h) 2 10 { 20 | 50 | 100 | 200

24 | 1607 | 2759 | 3199 | 3769 | 4195 | 462.1
48 | 1797 | 3064 | 3547 | 4174 | 464.3 | 5110
NERY  AR7IPE ASRIE-ASARE

Ministry of Construction and Transportation
(2000) oM AABRIL Qe AHAEAE o831
o9, o 4 (1) 2tk

at bln—%

4
c+dlng+\/_t

I(t,1)=

o7|M, K¢, T) & B4 E (mmh), t © 4%
A&7 (min), T+ A&7 (year),

a, b, oc, d n &7t AQY Aol A
ARFFolr Arshke FdAHe IAATE
Table 73 %t}
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SHE7HF ARE o] &t Wk HP#7 AEHY
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t}. &9 Fig. 11, Fig. 12 AKAZE 2442
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ouj Zb7k 1247), 13A7ke] Ag F9 A
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[ouy

Fig. 11 Inundation simulation result of 24-hour du-
ration, 10-year return period rainfall when
12 hours elapsed

Fig. 12 Inundation simulation result of 24-hour du-
ration, 10-year return period rainfall when
13 hours elapsed

s HojFa gtk ZF77I(HS), T=71(RPS) T4 H A{9AE A
HruoARg olgele] B AGWANE 4 W] BE 5208 F4ud F4A%E v
AG71e) mE FraF S ARtk Table 8 o3 gtk
< BAUTS), H534871(PS), ZFEL7IRS),
Table 7 Coefficients of rainfall intensity equation in Suwon
Station Period Cocfficients R?
a b c d n
Suwon 0~30min 79.1287 78.0319 -0.2551 0.1088 -0.6026 0.999
30min~ 828.3783 1448427 49127 0.1139 0.6580 0.995
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Table 8 Submerged paddy areas of study watershed
by probability rainfalls

Growth| Rainfall | Submerged paddy area (ha)
duration
stage | “"(h) [ 10yr | 20yr | 50yr | 100yr | 200yr
S 24 815 | 897 | 988 | 1047 | 1099
48 579 1639|719 | 773 ] 821
PS 24 69 | 773 1 8651 924 | 977
48 455 | 518 | 594 | 642 | 696
RS 24 564 | 648 | 740 | 800 | 853
48 326 | 391 | 467 | 521 | 5.70
HS 24 551 | 636 | 728 { 788 | 841
48 314 | 378 | 455 | 509 | 557
24 551 | 636 | 728 | 7.88 | 841
RPS
48 314 | 378 | 455 | 509 | 557

* TS : tillering stage, PS : panicle formation stage,
RS : reduction division stage, HS : heading stage,
RPS : ripening stage
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