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Runoff Hydrograph Synthesis from Small Watersheds Considering
Hydrological Characteristics of Irrigated Rice Paddies

A I S S
Kim, Chul Gyum -Park, Seung Woo - Im, Sang Jun
Abstract

The NRCS curve number (CN) method has been widely adopted in practice to
synthesize runoff hydrographs from small watersheds with complex land use. It may not
be valid to apply this model for irrigated paddies, since hydrological characteristics of
irrigated rice paddies are not sufficiently considered in CN method. This paper attempts to

extend the capability of the well-known SCS TR-20 model to

local conditions by

formulating a submodel for the runoff processes in paddies. The modified mode! was tested
with field data from the Baran watershed. The results were in good agreement with field
data. It was also applicable to simulate runoff changes resulting from land use changes

within the watershed.
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Fig. 2. Outline of runoff simulation model in paddies
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Table 1. Hydrologic characteristics of the Baran
watershed
Land %

Water- | Area 5:;;3} e (Ra) P
shed | (ha) £ser- ) barm-
(m) Paddy { Upland | Forest var | steads
HP#6 | 4125 | 1630 | 268 | 150 | 548 00 33
HP#7 | 2338 | 1575 | 315 51 | 632 00 02
HP#12] 2500 | 2250 95 6.7 | 668 166 04
HP#13| 5063 | 3125 | 180 42 | 769 00 09
A vl Fe-de)l g3, /&% AET U= F
$-4EARE HYsHG HP#6 H99 293

A8 Table 29 7ol 107484 HA 335mmel A
Ho 2305mme] HeL ERen, HP#7 §9&
Table 33 7o) 6709 7% (8§ At

3 = SdX=

A = AQY @94 R gole 969
o HFY A A7 AP 45 A5 ¢ ER
2 #Yo2iE F3E FIUE HEsUaw,
AolM AT EX L Ui W
(mE FAl =9 dRFHe] BAE ol g3y
tEe) o2 Ry 2o FHEAUh

[o]
)3

o714, PAE #9W = B3 (ha)ol™, a 8}
B = B3 vihdsoltt

N. 3 TR-20 2¥< HE

BeAEE ATRSH AT F FEP
thaled £ TR-20 28 ¥ 71= TR-20 2 ¥
A% FEFEZHY 23 e YEZAE vz
3ldth Table 28 HP#6 899 1070 ZH$-&
Aol dE f&% FFERE IAFAD 58
Z¥ ROF, $4 TR-20 ¥ 7129 TR-20
EYo Ry FAY FAAE T4 dehdo 4=
X ¢ vl

D3 AP A% AE&Xe FHA AT
%% HFANZ F §2%F9 RMSE (root mean
square error), R°E ARt RESGY. 239
A58%9 RMSES R*: 2tz 2955m’/s, 0.995
Z Ueisten, ojx 71& B3l 93 5374ms,
0979¢] AAHY FL& A AHE HYgd AR
AZke) 7A$-9dl= RMSES R?7F z+2+ 0.4hr, 0.995
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Table 2. Comparisons of observed and simulated runoff hydrograph at HP#b6

Date | Reinfal Peak flow (m%/s) Time to peak (h) Runoff volume (10°’m®)
(mm) Obs, Sim. | TR-20 | Obs. | Sim. | TR-20 | Obs. Sim. | TR-20
7/04/96 535 6.759 5.299 4746 78 8.0 79 87.98 777 57.16
7/21/96 465 3.984 3677 1025 140 140 139 32,01 29.83 691
7/27/96 335 5.039 3301 0812 40 40 39 26.32 26.74 4.09
5/07/97 635 3.843 3317 1.469 7.3 7.0 6.9 56.45 56.81 2559
5/12/97 | 1020 5.977 7.063 9.466 7.3 638 68 | 10185] 24901 | 29757
6/25/97 995 | 21584 | 20367 19381| 100 98 98 | 191.77| 23025| 19098
6/30/97 | 1300 | 45990 | 46011} 46717 120 119 118 | 52402| 56390| 50570
7/04/97 505 6.125 7622 7913| 135 129 128 | 11189 11127| 10677
7/15/97 425 3.830 1.469 0.632 6.2 6.0 109 5340 24.66 8.14
8/03/97 | 2305 | 70623| 65365| 61842( 110 109 108 | 101582| 75994 | 65230
RMSE 2.955 5.374 04 2.2 12076 | 172.49
R? 0.995 0979 0.995 0.735 0.936 0.889
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Table 3. Comparisons of observed and simulated runoff hydrograph at HP#7

Date Rainfall Peak flow (m®%/s) Time to peak (h) Runoff volume (10°m?)
(mm) Obs. Sim. TR-20 Obs. Sim. TR-20 Obs. Sim. TR-20
7/04/96 535 3587 2.724 2621 7.5 78 7.7 124.96 37.22 26.46
7/15/96 39.0 1.277 1.213 0.097 6.7 6.7 6.7 30.28 14.37 0.48
7/21/96 46.5 1.908 2.447 0.343 143 14.0 137 46.22 19.03 213
7/27/96 335 1.900 2.223 0.284 40 40 37 107.16 17.34 1.11
6/25/97 99.5 9.200 7.579 5.364 95 9.8 9.7 118.78 82.71 3741
6/30/97 139.0 18.320 20.106 25.179 12.0 11.8 11.7 547.43 230.12 538.93
RMSE 1.180 3719 0.2 04 154.11 78.07
R? 0.976 0.885 0.995 0.993 0.941 0.889
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= 10 £ 20
E 5 \_.E/ 10 4
£ o £ o
§ 10 - 3 20
.l x  Obsened - = Observed
7 84 W Mod. TR-20 © 45 ] Mod. TR-20
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0 v 0 x Xz
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(a) HP#6, 97/5/12 (b) HP#7, 97/06/25
Fig. 4. Runoff hydrograph at the Baran watershed
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Table 4. Peak flow variations with cultivated condi-

tion
Peak flow (m’/s)
Return Rainfal ; ;
period SCS Rainfall type-Il SCS Rainfall type-fA
(vear) | ™ ["eg | Non- mECER
vating(a)| Cultiv.(b) vating(a) | cultiv.(b)
21 140 | 38146 45047 | 083 | 13175 | 13532 | 097
51 25 | 65680 75164 | 087 | 23812 | 23976 | 099
10] %0 | 820 95.688 | 089 | 31361 | 35066 | 089
50 [ 30 124788 | 136857 | 091 | 46618 | 51.020 | 091
100 [ 380 | 142486 | 155032 | 092 [ 53438 | 58137 | 092
160 .
120 4 Non-cultivatin e
z . C ultivating
: 80
ol
O T T Y T u l Tr T l T T T I

10 20 50 100

Return period (yr}

Fig. 5. Effects of land use changes on peak flow
(Type )
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