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Effects of Duration and Time Distribution of Probability Rainfall on Paddy Fields Inundation
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ABSTRACT

The objective of this study was to analyze the effect of the duration and time distribution of probability rainfall on farmland inundation for the paddy
fields in the drainage improvement project site. In this study, eight drainage improvement project sites were selected for inundation modeling. Hourly
rainfall data were collected, and 20- and 30-year frequency probability rainfalls were estimated for 14 different durations. Probability rainfalls were
distributed using Intensity-Duration-Frequency (IDF) and Huff time distribution methods. Design floods were calculated for 48 hr and critical duration,
and IDF time distribution and Huff time distribution were used for 48 hr duration and critical duration, respectively. Inundation modeling was carried
out for each study district using 48 hr and critical duration rainfalls. The result showed that six of the eight districts had a larger flood discharge using
the method of applying critical duration and Huff distribution. The results of inundation depth analysis showed similar trends to those of design flood
calculations. However, the inundation durations showed different tendencies from the inundation depth. The IDF time distribution is a distribution in
which most of the rainfall is concentrated at the beginning of rainfall, and the theoretical background is unclear. It is considered desirable to apply
critical duration and Huff time distribution to agricultural production infrastructure design standards in consideration of uniformity with other design
standards such as flood calculation standard guidelines.
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Study district Meteorological station Crops Area (ha) Return period of design rainfall (year)
A Hapcheon Paddy rice 3534 20
B Booyeo Paddy rice 620.0 20
C Booyeo Upland crops 346.8 30
D Hapcheon Upland crops 204.3 30
E Booan Paddy rice 2715 20
F Gwangju Upland crops 387.6 30
G Sokcho Paddy rice 156.0 20
H Busan Paddy rice 701.6 20
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Table 2 Probability rainfall and rainfall intensity using IDF time distribution for A district (20—year return period)

Duration (hr) 1 2 3 4 6 9 12 15 18 24 48
Probability rainfall (mm)| 788 | 1108 | 133.0 | 1503 | 176.4 | 2032 | 2214 | 2346 | 2444 | 2583 | 2884
Rainfall intensity using

IDF time distribution 78.8 320 22.2 17.3 131 8.9 6.1 4.4 33 23 13

(mm/hr)
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Table 3 Probability rainfalls in the study districts of 20— and 30—year frequency (48 hr duration)

Study district Meteorological station Crops 20-year frequency (mm) | 30-year frequency (mm)
A Hapcheon Paddy rice 3328 358.4
B Booyeo Paddy rice 293.1 314.7
C Booyeo Upland crops 293.1 314.7
D Hapcheon Upland crops 332.8 358.4
E Booan Paddy rice 315.9 340.5
F Gwangju Upland crops 2929 3141
G Sokcho Paddy rice 373.7 402.2
H Busan Paddy rice 396.6 430.1
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Table 4 Design floods in the study districts of 20— and 30— year frequency
Time distribution IDF time distribution Huff time distribution
Duration 48 hr
Frequency 20-year 30-year 20-year 30-year
A 67.2 74.3 17.9 19.6
B 85.2 93.7 213 23.0
C 29.7 325 1.1 12.0
o D 447 493 10.3 113
District
E 28.5 31.8 10.6 115
F 442 493 148 16.1
G 9.7 10.8 7.0 7.7
H 1212 135.9 33.4 36.8
Table 5 Design floods in the study districts by rainfall duration using Huff time distribution (m¥/s)
District A B C D E F G H
Frequency 20-year 20-year 30-year 30-year 20-year 30-year 20-year 20-year
1 37.0 66.1 253 27.2 21.2 423 111 113.2
2 555 88.7 35.1 39.3 33.7 58.1 18.3 144.9
3 46.6 80.4 31.7 30.4 30.4 48.6 18.3 137.4
4 57.9 97.6 39.7 404 39.3 63.1 233 1604
5 58.1 85.5 40.0 38.1 38.9 58.4 218 1417
6 51.7 79.5 38.0 32.9 343 53.7 2141 133.6
Duration 7 52.5 78.3 37.0 34.3 35.6 55.3 213 128.3
(hr) 8 50.7 70.7 37.1 321 345 51.9 19.6 1153
9 46.1 67.6 35.2 294 313 49.0 19.3 1114
10 458 65.1 33.9 291 31.0 478 184 105.7
11 438 59.5 329 274 29.4 44.4 17.0 98.0
12 40.5 58.3 31.3 25.9 271 42.6 16.6 94.6
24 28.7 36.1 20.2 18.0 174 275 116 58.4
48 17.9 21.3 12.0 113 10.6 16.1 7.0 33.4
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Fig. 1 Design floods of study districts by rainfall duration and time distribution

mm Rainfall —=Discharge

80.0
70.0
60.0
50.0
40.0
30.0

Discharge (m3/s)

200
10.0

0.0 —_—

0 4 8 12 16 20 24 28 32 36 40 a4 48
Time (hr)

(a) IDF time distribution (48-hr rainfall duration)

II B Rainfall —Discharge

ischarge (m3/s)
8
°

0 4 8 12 16 20 32 36 40 44 48

24 28
Time (hr)
(b) Huff time distribution (5-hr rainfall duration)

Fig. 2 Flood hydrograph for district A (20—year frequency)
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Table 6 Inundation analysis results in the study districts of 20— and 30— year frequency design flood

Time distribution IDF time distribution Huff time distribution
Rainfall duration 48 hr Critical duration
District Frequency Desigr; flood Inundation InunQation Desigr; flood Inundation Inun.dation
(m*/s) depth (cm) duration (hr) (m>/s) depth (cm) duration (hr)
A 20-year 67.2 63.0 14 58.1 28.0 0
B 20-year 85.2 0.0 0 97.6 0.0 0
C 30-year 325 0.0 0 40.0 0.0 0
D 30-year 493 85.0 5 40.4 73.0 13
E 20-year 285 59.0 10 39.3 62.0 5
F 20-year 442 310 1 63.1 440 2
G 30-year 10.8 410 4 23.3 54.0 4
H 20-year 1212 34.0 7 1604 38.0 4

FaFastsl=Rg Aodd A2z, 2022

53



AAZRY REAZE I A2 20| OHE Hieod SEA| B B

A

al]

2

oot
A

fr S e
2 Ay oo

G, H Ao QAR AIZ-Hull A17F
22 g3 A9 ArAol 2 g2 /1S Uk

A=
of M8 2 ke TR Aow BAEge), WAl 4
& g EE Aols ATke e,
2 o] 87) gk ol Tg 4] At P4le] 4
A7) AEger A7)0k A AL By, 3
[e]

)
<
<
T

AR Apolgh ATHE UEhc) B AL Hht HER

o <
[¢] T
=

=
N ox

3} A B4 $F (GRS Yol
9] (3PH4:9) 2 4R M) Bk 5 Tl 5610 S8

a5 o3 ARH gebd BRAZE RATE f
= o] uet Afoldt ATE Lheh A0 T, 7S

=
my
rhu

iA
2z
>~
>
N
us)
>
ik
1o
ok

A7)l A Al HA71E
GBS AESIEE AN Glotk, 4
weksiA ANSIA ek e ul
9

o

5o R
il

)

|o
ol U ol

S

e e]

>,

(S

o
lo

e

~

e
1A S~
%0

=

+r
OgL_r’
>
iitad
—d
=2
S<
rr
=
i
pE
5
1N
r)v
> Mo
m \
E
)
>

N
30
|o
o
rlok
ol
iz
Oofol
>
ot
s
o2
kel
S AN
N

ol
=

R Ay
=hd
u)
T
o
o
oA
X,
>
o)
2,
rlr
2
(0 de
<l
i
>
o
9#
1
>
N

2

ML
K

>
o
oft AL x

o

)

N
o
A
&
tlo E
O J
=
ry X
T H
=}
Hl fr
il jﬁ:
j;l‘l
i

Bast gnt

54 « Journal of the Korean Society of Agricultural Engineers, 64(2), 2022, 3

2 Aol e 870 = 3 ek vl A ARIAIE
FOR FABATIAE AA71ES] 48AIZ A EAIZHDF
AAEAIIHuff AIZREES 283 o 19

27} Sk, A 2O AT vl BAte] BAYS

al
1-\1
i

=l
o
o

_I \
9
Q.
X
of
)
S
>
™
g
s
HE
:
>
™
g
t
i
N
&
iy
oo
Ot
o

Bo)Z St S g Bt
FAR 48AIZF 2441710 TRt HAFRL IDF A7
22 2§37 49 RN NFH 490 O3 Huff HE

£ 283k Aol vlal & gk 7= A oE Vet A
A &AZHHuff AZHEIE W o]l ofgh A Al g4eego] 4847t
A& A ZHIDF AJ7HEAE W of| o]t A gl H]3)| 87}
AT F 67] Aol & & 7= AR B4t A

35 A HEEY 2719 &
AbgE 73RS B o, ARAR Aol AakE et
IDF AZHEE3E= 709 Zutof] thiite] 7h-9sko] AFE=

%

5 TR AAARY A
6

FFEEE AT AT BARE AEARS] A FE AR
S3k= ou7t HAEE Ao sk webs, IDF A7
wEE o124 HiFol Rudt dAE T, T A
FHEAR 5 B Aol i Huff AZREEe} oA
ASARZE & ek Qleng g 7 Z4& 59l
A FARAZIRIA D AAZES) A A
Ho] AAEojof & Aot

o] AT FF SYBNAE AAVIZS] 57
ol ARSEY AYL 3 /2R 28D 5 U A
o J\thEn], BARLY ASAL L AR T
AR A B AR Sl 271t

ZAR| =2

o] G GHEolETA FolEATUY AL ol
BEE @AF: 71508, FEAARR b iR A
A7E A,



S OIBR| - A7|E - RBE -

Xl

(i

b

2 .7l18X
S

=
oo

REFERENCES

L.

Huff, F. A., 1967. Time distribution of rainfall in heavy
storms. Water Resources Research 3(4): 100-1019.

doi:10.1029/ WR003i004p01007.

. Hwang, D. J., B. G. Kim, and J. K. Shim, 2012. Affecting

discharge of flood water in paddy field from selecting
rainfall with fixed and unfixed duration. Journal of Korean
National Committee on Irrigation and Drainage 19(1):
64-76 (in Korean).

. Jeong, J. H., K. S. Yoon, S. M. Choi, S. G. Yoon, Y. B.

Go, and Y. T. Kim, 2010.
complementary measures establishment for flood on tidal

Investigation and
reclaimed paddy fields. Journal of Korean National
Committee on Irrigation and Drainage 17(2): 105-114 (in
Korean).

. Jun, S. M, H. J. Lee, S. H. Hwang, J. H. Song, S. K.

Choi, and M. S. Kang, 2019. General inundation modeling
of paddy field districts considering drainage delay. Journal
of the Korean Society of Agricultural Engineers 61(4):
87-96 (in Korean). doi:10.5389/KSAE.2019.61.4.87.

. Jun, S. M., J. H. Song, S. K. Choi, K. D. Lee, and M.

S. Kang, 2018. Combined 1D/2D inundation simulation of
riverside farmland using HEC-RAS. Journal of the Korean
Society of Agricultural Engineers 60(5): 135-147 (in
Korean). doi:10.5389/KSAE.2018.60.5.135.

. Jun, S.-M., S. Hwang, J. Kim, J. Kwak, K. Kim, H. Lee,

S. H. Kim, J. Cho, J.-N. Lee, and M. S. Kang, 2020. Future
inundation risk evaluation of farmland in the Moohan
stream watershed based on CMIP5 and CMIP6 GCMs.

10

11.

12.

13.

Journal of the Korean Society of Agricultural Engineers
62(6): 131-142 (in Korean). doi: 10.5389/KSAE.2020.
62.6.131.

. Kim, H. K, M. S. Kang, I. Song, S. H. Hwang, J. Park,

J. H. Song, and J. H. Kim, 2012. Flood inundation analysis
in a low-lying rural area using HEC-HMS and HEC-RAS.
Journal of the Korean Society of Agricultural Engineers
54(2): 1-6 (in Korean). doi:10.5389/KSAE.2012.54.2.001.

. Lee, 2014. Development of integrated management system

for agricultural infrastructure - focused on reservoir
embankment -. Ministry of Agriculture, Food and Rural
Affairs.

. Lee, H. J., 2019. Estimation of farmland inundation

probability based on temporal distribution of forecasted-
rainfall. Ms. diss. Seoul National University (in Korean).

. Ministry of Agriculture, Food and Rural Affairs, 2018.

Design standard for infrastructure of agricultural
production. Ministry of Agriculture, Food and Rural
Affairs.

Ministry of Environment, 2019. Standard guidelines for
calculating flood volume. Ministry of Environment.
Ministry of the Interior and Safety, 2020. Disaster
yearbook 2019. Ministry of the Interior and Safety.
Ryu, J. H., M. S. Kang, S. M. Jun, J. Park, and K. D.
Lee, 2017. Future inundation characteristics analysis for
the Cheongmi stream watershed considering non-
stationarity of precipitation. Journal of the Korean Society
of Agricultural Engineers 59(1): 81-96 (in Korean).

doi:10.5389/KSAE. 2017.59.1.081.

753 Aodd A2E, 2022 ¢ 55





