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Estimating Iimigation Requirement for Rice Cropping under Flooding Condition
using BUDGET Model
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This study explored the effect of rainfall pattem and soil characteristics on water management in rice paddy
fields, using a soil water balance model, BUDGET. In two sites with different soil textural group, coarse loamy
soil (Gangseo series) and fine soil (Hwadong series), respectively, we have monitored daily decrease of water
depth, percolation rate, and groundwater table. The observed evapotranspiration (ET) was obtained from
differences between water depth decrease and percolation rate. The root mean square difference values
between observed and BUDGET-estimated ET ranged between 10% and 20% of the average observed ET.
This is comparable to the measurement uncertainty, suggesting that the BUDGET model can provide reliable
ET estimation for rice fields. In BUDGET model of this study, irrigation requirement was determined as
minimum water need for maintaining water-saturated soil surface, assuming 100 mm of bund height and no
lateral loss of water. The model results showed different water balance and irrigation requirement with the
different soil profile and indicated that minimum percolation rate by plow pan could determine the irrigation
requirement of rice paddy field. For the condition of different rainfall distribution, the results presented
different inigation period and amounts, representing the importance of securing water for inigation against
different rainfall pattem.
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Materials and Methods
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Table 1. Physico-chemical propetties of studied soil profiles.
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A
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(40-90)
BCt
9.9 49.2 40.9 Silty cl 1.39 2.0
(90-150) ity clay
Pracipliatin _ToERraton Rain lrrigation  Ef(act) T(act)
Irrigation
1 Evaporation
Flooding depth { /
=L Surface runoff Runoff e E{pot) T(pot)
Surface soil
Seepage

Percolation

Groundwater

(a) Water balance factors
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Fig. 1. Water balance factors (a) and cylinder type apparatus
for measuring the decrease of water depth (b) in the rice
paddy field.
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Fig. 2. Calculation in the BUDGET model using finite
difference method.

AolA] B 45

w71l & &2 S ARl ofsl 2Rk St

Ao wet wstse] Aol 49 A

Pk, Asiesl 5o mme] war), ¥ oA
L A SRS olgstel uAeTIA B GERS
AP 4 9l RHEAAAE Fig, 1009} 2t} 24
AES vlieo] Geks] DA F FAAIAS ARl
EEe YA U T AAE £ oA 9ol 2389



Mi-jin Seo, Kyung-Hwa Han, Yong-Seon Zhang, Kang-Ho Jung, and Hee-Rae Cho 249

BUDGET 2% O|2 BUDGET 23§ (Version 5,0)
W7l-4E-Eoe] A4S 57 Bo o5 AT
Qi EOF 4B 2z o o9} Y HE = )
N, 71V, BY, AHE ZRAAE R vk AERE
2 FE0] Qlo] ESFolAL] 41 o5} AlE He
B &9 o]Fol et TeAIAE H|wA AelsiA| 1o
of 2AE BriekL WA At &8 4= 3l
= 783 2ot}

BUDGET W3ol|A] thif 2 44717 B2te] BESF 7
©) A= BEY 2ol ¢ ARE ol wE [
(Finite difference method)o&2 A8t 4= 9t} (Fig, 2;
Raes, 2002). Fig. 2014 AR H¢] 0= iH7)] EF 2]
ole} jHA Al7Fe] EpEFF [m'm 7], AQyE Mg &
F ZlolollA Ato]l mhE EF4EFteFe] W} [m'm 7,
(pot)€} E (act)= 217} EQFo 2R H O] FHlega} AR5
& [mm], T (pot)e} T (act)= ZH2} AE2FE Q] FAlF}
AAFAEF [mm]S oJu|ghct,

BG4S e vieEe o (D2 Eq. 13 o] Aklst
o,

=

Lo

i

D= 1000(2—‘3)(&)@” (Eq. 1)

7|4, D: bfR|4} Lojof] EQRS HFO 2 HljfE= Bo
% [mm]

Az: vijeElE E
At AIZEHA [day]

B4R FEI LEFA o B T2 2
B8 71 B AfololAle] dilgt Ak 7t mopge
7ol (Az)d Eook 5 g (8] ThE FHF (ED = Dy
+ Dy + D3 + ) O 2H AAMELY

RER=T 50 = o% 7 BgZ tolAe grome] B
oFaBElEEo] 7hA (AQ) o] tist moli= ulj4: 3= (Drainage
function; Eq. 2)of &J3l] A= (Raes, 1982; Raes et
al,, 1988), ZEA8-F (Field capacity)2] AAZIA| = At
HaL 12 ofollds LofuAl S=

Ae 69/79F0—1

i

Tt: 7—(‘951.1]"_ 9[‘(*) (EQ. 2)

T Osur—Orc
e ST vre _q

A71A, ABi/At: AtAIREESE A BEFSolA el =g
B 7k [m’mday ']
T RE 54 A%
6;: vl EoREolal] AA| EFERIRF [m'm ]
Bour: ZEAES] EUGEEF [ )
Ore: G JHIS B2 [
At: AIZEHA [day]

A #H = (Surface runoff)> EFSO R0 HELT
Hoy Z9d=rl =2 o WAYSHY U.S, Department of
Agriculture (USDA)°J|A 7J¥= Curve Number (CN) HHH-2-
o]-gs}o] AAKSIT} (USDA, 1964; Rallison, 1980; Steenhuis
et al., 1995). (Eq. 3)

_ [P—(02)sP
RO_W (Eq. 3)
S§= 254(10%(\)7— l)

-z
vl
N
=]
u=)
Jo
e
tlo
>

_\2:‘.’1_’
d
i
o&ﬂ
b
o L
=
o
o X
Mo ol Hm oX fo

ZHPA} (Reference crop evapotranspiration; ET,)¥} 2H=7|
T (K)o Hgor Aklel, EGFORRE Y] FU (Bo) T
ZEof| O3t A (Tpey) Q] To2 Pl 4= Qlt}, BUDGET
HyoMe Bl S&sithe AS 7Hdskar Sk
(ETerop) = AAFSE7] W&ol Epor@t Tpor AAQD HTff
o]t} Ep= Ritchie—type 34 (Belmans et al,, 1983)9]
ofal] AAF=, webA Th= Eleopdt B ] ZFoll 2J3) A
AHETh 2HE ABARES] e AARES Al (Ky)oll o8l A
v =t} (Doorenbos and Kassam, 1979).

BUDGET 28 X2 BUDGET Z&ojA] 7|&Zakit



250 Estimating Irrigation Requirement for Rice Cropping under Flooding Condition using BUDGET Model

off

p

= g5 (USA Class A pan) AF=E o|8-sto] ALl
don, £ FH7IIHEREEH ARE S
WA g Ut AbRe] st S50l ot
2}A]:= pan coefficient §f& oto] A4 == o] ¥t
Jensen et al. (1980)& IO & 319th 2H&E2] Sik4t
(ETerop) ARES 715504 F (ET) o) 2HEAIRE H510]
AtEln Ho] 2HEA4= 1,28 X853t

H g7] B4Rl 94 Ee9E SR8 Y 3k
T 7ol gt & 4T 54, i, AR, = ol
OJFt & FEE VR = Stk o] T=9l= ASAl 7
el GEpRy 2 mdlgoa= RES (Ap)o] Z3HE -4
g 2 sl Hawixdo R HEsilnh 27]
9= 10 mm, Hof H=9E 100 mmE Agsto] Al
of] E<=917}F 0-100 mmZ HEFT = 9l 2AE Fof5l
on, PGSO RBE| 4= glokal 7Pstleh Bl
71k e s AR 27 By 9A (AL
5/26, A|Q2: 5/19)%F Y= (9/87HAZ HdAstal, 1
Atolg O] 7|7k 2 AAaelrt Bk o] gt =
Ol 20109 7|28 a1 om, ZF A HollA] Ttk
4 E47)0] g molg fefatgty, Bkl wat A
7|upg5e] e EErF thEER ol wE WA
4 S5 vla £AEG, ojn A7ReEe] 42
T W 8 5 3014 Flobg BT O R AFH st W
9 (NIAST, 2000) 0.2 AAo|x S43 275 &85l
Aok 713270 gt Hol= k2 wjde] 9 xS B
5= 20063} 2007d Y AR E H 85t E4A
o I =k gt P v AT

5

of rlo M i pok
e

O:

Results and Discussion

B ZXOIN A2 Y BUDGET 2Ho| MM
He 4~12 mm day | AEO] WSS Leh
Wik (Fig, 3). 224 248 20104 793 99 F47
7R e 2] Pl 24 oAz St
M BAUES B8] EATNST WAL At
(Fig. 4). 680l BU7 |77 259 %2 2 10] 2|4
awTh 74=410] oF7k YA LpEhde, ol 7ol X H1o]
A H2mct A LRt 8ol AR AEke Ut
Hodek, 6e] 244 Fol mu7|elxo] we A4S
Ajo| ek 4= Qlglom 7o) 79t A=are] o3t 3}
ol Theat 4= QJolth, AFEekE A7uleEe) Bldrol
A|5i49] So] EokatAol ofal 2Tk, muj7)A A
2 BAbE RO 228 wY o] Basns Aa)
A7 % Sk, ER A& Bae) 79w 549l o}
A Aelolis AHEo] JaFS & 4 ATk Tig, 5= AT
AollA] Aslagle] AAA MBS wolri ek, 142

re
o
X
o

O
g\l
&

>
Mo
S

o
oN
5
B=)
Sl
=2
oN
4

-
=

—+—water depth decrease Sitel

—s—water depth decrease Site2

-
o

percolation Sitel

——percolation Site2

-
=)

®

Water depth decrease, percolation (mm day)

6/21 16 721 8/5
Date (month/day)

Fig. 3. Daily water depth decrease and percolation in studied
sites. The vertical bars mean the standard deviation of
measured values.

100

Precipitation(mm/day)
(=]

L Lk L T

0
5/19 6/19 79 8/19 9/19

Fig. 4. Daily precipitation in Suwon weather station during
rice cropping period.

Date (month/day)

6/11 7/1 7121 8/10 8/30
] :

——Site 1
-m-Site 2

Groundwater table (cm)
ES P

[
=)

80

Fig. 5. Change in groundwater table during rice cropping in
studied sites.

o] A9 A3k917F oF 0em ekt Lot A1) B
8ol A5917k B IukekS ol s A B



Mi-jin Seo, Kyung-Hwa Han, Yong-Seon Zhang, Kang-Ho Jung, and Hee-Rae Cho 251

12

——Site 1

- Site 2
10

Estimated evapotranspiration (mm day')

5/19 6/3 6/18 7/3 7/18 8/2 817 91
Date (month/day)

Fig. 6. Daily evapotranspiration predicted by BUDGET
model in studied sites.

4 u} ol AF5E Aslegis e off e 4rRE A
& Ut (Kyuma, 2004), FE 2 A7]HpchZof A
< o] S Uehii Alpdo|glon] A4
20] AL AA1HET} HEZEFo] o Ao st
/‘le—_lli%l:g 71—_/': A) ./:_ 471—_4 20%0]0]—§ L]-Q_L]- 71-/'\/&}_4 [
sharepol olgt Ao Wk 4 ST AR

e HEA F 1 mm day ' o312 Wiyt £A7] o] 4
S8 A4 AH2E T A L}EPJ’E} (Fig.

3). Hhd U= & 7oA A7 HES Faedee AL
2 3 mm day ‘2 LR} 1 R87]0l|A] s o o)
=7 VERsT 21329 4% 0.5 mm day 2 SARE g
UERHIEE ol HERC] 2 A B A
B HEF o] B AR EoollAl W Al AAIA A
F&E0] Mat o A Uehd ¢ S Hojeth & 4
O‘E} ol Ml & At EUAE o= vl H A
F27] =9 ol 2 o5& e 4= Jlew W Hlejo] i,
% Tog gofo| thi| FreEd ARSEs} 27N 5
Q7] 2o 2 BehET) Oh and Yoo (1972)%= $-2lute} 3
o AL 10,3 mm day 2 H18F v 9)Om E3F Oh
and Yoo (1972)%= w53 AL B 441S A4
gk B Sl=dl, AEoA= il Adgle] 5.8 mm
day’lfn' Hugh b wjes ST, ERolA AdE

)

£.96, 5.3 mm day 2 AFFAL 96, 5.9 mm day ‘2 A}
22 39,7, 15,7 mm day & 27} B8t o] 7] A v
T B RIgTET Hapilo] A Yehsi=d o=
251910l oJgh JFE vredgict & 4= 9l &, AskeY]
7} Fo Z1E wjioh AR AA dojuk Al e Zot
AA @t (Kyuma, 2004).

BUDGET 23O 2HE dojzl o] FHARE (BT

74 Fol HdigE Holil A% sl AR UER
Atk (Fig. 6). ZW7] LA} w2 23271 = )
Fol A =4 ASEoH 79 olF 2 ST

J

il

[
N

-
I
S
<10
g
£
s
I
oa .
=
z O A
g6 o A
E o 4o}
9 A
s
© 4
=
]
=
£
2z 2 !
= RMSD (mnm dayty
osite 1 1.10
ASite2 0.63
0
0 2 4 6 8 10 12

Measured evapotranspiration (mm day™1)

Fig. 7. Comparison of evapotranspiration between measured
and estimated values. The measured values were obtained by
[water depth decrease — percolation], and the estimated
values were obtained from BUDGET model.

o] A7 Hol7t A2] GSick. AN AFEFS W gt
oRNE &Y FUAF 5312} BUDGET BY +3%)
£ ulagt 23 BIATEA RMSD7E SH 9] 20%013h
2 230%} pROR ekt (g 7). 53] 482014
WO gre Hgld] AHEo] ATjEoR 2 X 71e] w3
extagle] A7) WEom WA 4 otk weby
BUDGETH O] 45 Bhmsl 22 Zubbo] s 249
H mool HgAo] wrku st ARSE Wolsk
2 EGRY] 9, ol Mol A7IHR Lhro] mOfFO
24 AL Y 4 US AoE AR

on

EYstA x| 2 e et U S4X| H
ATAH TSR] 70“154 s T EolA A7
S HAEEE 3 mm day |, 0.5 mm day = 7_11-7_'1- PSE-EE
EGEA e e W 2R HakE A
v}, 71 A3} Table 29} Zro] Uebdth ARFA Eoke
MNENA E4EEr) 3 mm day 'Y o ZA7)7F Bk
e & Wi o] 176 mm= e, WhE 2120l
T EYY 4% T Wi 74 mm, B B
mmE ERHT E/\AE 3 mm day Q] ZAE EoF
w3 & u sks5 B0 & WGHE AT E9F
HE oJstolr] B &2 Bt TS UEth o2l
T EYHH 39 F HA FeEEE Yeidle A7RES
o] BE447} 0.5 mm day ‘2 FAE EFS] B4 3
mm day HCHE W2 7ho]7] wjEo g mfolEc) AMEakm)
S A E3F 53 mm, 205 mmE AFERS Zhy GRS =
Al bt

o AT EE rluetre waE

ol _L\l
£ ol

22

T+

oN

ko I
-

&

[e]

<4 e
=z &

Lo
2

é‘ﬁ

off

= = =
ZojE AR



252 Estimating Irrigation Requirement for Rice Cropping under Flooding Condition using BUDGET Model

Table 2. Water balance in flooded rice field predicted by the
BUDGET model under the different soil conditions.

Soil type
Site 1 (Gangseo) Site 2 (Hwadong)

-1

Water balance

Plow pan permeability 3 mm day 0.5 mm day”
Irrigation requirementT 176 mm 74 mm
Flooding depth 29 mm 45 mm
Percolation 255 mm 53 mm
Surface runoff 98 mm 205 mm

AT . .« . o .
The water need for maintaining water-saturated condition in
surface soil
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27, aela e —ME{ 99 A7k B aqteke]
A YEREIL 200739 4% 5 skeollA 6 S
W e tsFo] A UebstTh (Fig, 9). Table 39| 2006\dx}
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Table 3. Water balance in flooded loamy rice field with plow
pan permeability 3 mm day”' predicted by the BUDGET
model under the different rainfall patterns (in mm).

Year
2006 2007

Water Rain 863 (0.9)* 692 (0.9)
inflow Irrigation requirement’ 127 (0.1) 84 (0.1)
Evapotranspiration 390 (0.4) 379 (0.4)

Water Percolation 277 (0.3) 311 (0.4)
outflow Flooding depth 30 (0.0) 42 (0.0
Surface runoff 293 (0.3) 45 (0.2)

*Parenthesis means the ratio of each component to total inflow
or outflow; TThe water need for maintaining water-saturated
condition in surface soil

20070l HTt BRI A9 = A A,
st Bat 9, AT = f

& M- RISl YElstTh sHRIRE w717 5ot %
2 20060 =91 A ERF 2006H0] B =
UeRgth o] 2007 0] 2006W K T AFt) 2 o & 7307}
7b 2 vz W W7t Foh R HEg] iR o s of
AEglen, o5 $3l HaWN=RE Y & Hof avs
sholgh 4= gllth, BEo] 2006\ 2] WL TS & uff A
Aoz 7 sk e 99 7] A&A 1 W7 Ha
SRR =0 Agof: FoE 7]&Y Fart vkl AR

N

ut

A AIAA R & dele] Hole), & w2 AAe =
ME, E7=5 o] s4ks Y At 5 = B S
. A

£ AtollA= ¥ T427] 5<%t BUDGET H&-S 0|85}
A7) Fad & BoRldEA W 920
o BHe I B4Alol st HakE wla- 2
8] ZubAbEFo| A=)} BUDGET %
FAETHAF Btk 20%0]5t2 S 22 29| e
L5 Hoj o] myo| HAjuljargol H-8rgsitt W o=
Q%ltt BUGET 2Eg& 0|83 Wwha sF 4 B2 &
ol AFA 7B 79 3 mm day ' Y
ol 176 mmE UEPal A1 3H5-52] A9 AA5e] 1/2

2 Uehgsd), ol A7uigEe E4&w7t 0.5 mm
day '2 ZAE B4EE 3 mm day Hoh oS- 2] mlRo
2 mpotelgie), 749 Bxv) thE 20067 20079 Ak
© 2 BUDGET ®&< o] &3to] ALk 7h415 Eoko]| tfal
a7 9 B4AS BAsiqcth, $A717E Sot 249
F2 2007dRTE 2006d0] Ek=vl, WL Ed
20060] T A YEETE o= 20079 797t 20061 5
ot Ao emrt W uzt v w71z Bek 1
2 Eygy] gEos wud 4= qlqlck

o]2]3t BUDGET &S 831 thofsh EoF @ 7|4z
of wE W e E WHAY] G A5 Aslih-s7]E
2 b 729l 5¢]-84=0] Eho] 7]ojd 4= 9l Aow
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