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A Study on the Method for Estimating Evapotranspiration
from Paddy Fields
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Summary

Evapotranspiration is a major factor determining the water consumption in the rice fields.
‘Therefore, realistic evapotranspiration estimates are important to the agricultural water
resources planning. In Korea, however, the Blaney-Criddle formula, which was developed
under the meteorological condition of western arid United States and the upland cultivation,
has been widely used to estimate evapotranspiration from paddy fields. Hence, it has co-
nsidered that the Blaney-Criddle formula would not be the proper method for the Korean
paddy condition.

The purpose of this study is to select the most appropriate and realistic method for
estimating evapotranspiraion from paddy field in Korea and to derive crop coefficients
using the chosen method.

The results are summerized as follows.

1. Total seasonal-average evapotranspiration by the field observation was 660mm for To-
ngil and 621, 0mm for the Japonica variety of rice. The amount of evapotranspiration for
Tongil variety was 6% larger than that of the Japonica variety.

2. There was no significant differences in the amount of evapotranspiration among early,
middle and late mature varieties, that is, early 638mm, middle 627mm and late’ 630mm
for the whole growing season.

3. The rate of peak evapotranspiration appeared at the beginning of August and was in
the range of 7.7-8, Omm/day according to the different mature varieties.

-4, The correlation between pan evaporation data and the calculated evapotranspiration
using related meteorological data from various methods suggested such as Radiation
(FAO), Hargreaves, Christiansen, Hargreaves-Christiansen, Jensen-Haise, showed high
statistic significance. Therefore, it seemed to use those formulars in estimating evapo-
transpiration instead of using pan evaporation data.

5. It was concluded from the analysis of field data that the evapotranspiration estimate
for Blaney-Criddle method might not be appropriate in Korea. On the other hand, Pe-
nman equation showed more accurate estimation at the flourishing stage of rice than
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the pan evaporation method.

6. The crop coefficients for the Penman and pan-evaporation method were obtained by

graphical representation.
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i) Christiansen®

E,p=0.755 Ey-G-Cy-Cy-Cs

G=0. 862-40. 179(T /T ew) —0. 041 (T o/ T ¢0)*
Cy=1.189—0. 240 (W /W ) +0. 051 (W /W 5)*
Cy=0.499+0.620(Hp/Hpny)—0. 119(H ./ Homo)?
Cs=0.904+0.0080(S/S,)+0.088(5/S,)*

Ey : AZY K35+t (class A pan) 763 &(mm/day)
Te: FHRECC) Tew - 20°C
Wik 2m2) FEE(km/hr)

W, :6.7km/hr H, : EHREHRE (@A)
H,,:10.60 S:HREZEERH) Sp:0.80

ii) Hargreaves® (1939)=,

E,p=17.4 D.T¢-Fy-Fy-Fs-Fg
Fy=0.59—0.55H,7
Fy=0.7540.0255 v W,
Fg=0.478+40.585

F=0.95040,0001E
H, : EFBEE (@)
Wia @ 1k 2me] F3EE (km/day)
St BREEXH)
E JE(m)
D F#
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E;3=0.492 Rg-Crr-Cyr-Cyr
G 1 0.463-0.425(T /T ;0)+0. 112(T /T ;0)*
Cor & 0.672--0. 406 (W /W o) —0. 0780 (W /W 5)?
Cur © 1.035+0. 240(H /H ) —0. 275(H p/ H o
Rg ! HEtR(y/day)
To: FHRE\EC) Te,:20.0°C, W 1 6.7km/hr
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Table-1. Rice plant varieties in different expermental sites

location

{

variety Seoul || Suwon Cheongju ] Jeonju Daegu
1 Taebaeck Hukuhikari Geumgang ' Josaengtongil Taebaeck

(E.T) E.D M.J) (E.T) (E.T)
2 Pungsan Sang pung Akibare Irri 345 Pungsan

(M.T) M. M.T) M. (M.T)

3 Hangang Hangang Milyang . Akibare Jinju

(L.T) (L.-T) (M.T) (L.D *L.D

E ; Early mature variety
M ; Middle mature variety
L ; Late mature variety

J ; Japonica variety

T ; Tongil variety
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Fig. 1. Constant water leveling micro-
lysimeter
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Table-2. Actual evapotranspiration on paddy field

Month

\\ (Ten-days)| ° 6 7 8 9
~Variety
Station “S—__ L E M L|E M L|E M L|{E M L
E(T) — .9 4.8 015 7 68163 54 51| — — —
Seoul M(T) — {89 55 38|53 7.0 586 6. 4154 —
L(T) — | 3.6 56 3.9|56 8 7.1 3 6.7 1] 6. R —
EC(]) — | 4.0 546 69 7 5.917.8 4.8 4 R —
Suwon M(I) — |41 5. .917.3 5.6 (8.4 4.5 7 - =
L(T) — |43 6.2 64|71 7 5.5 8.5 3 5 8 56 —
MCI) — 3.6 4.9 &5 8 6.519.4 5.3 215 4.5 —
Cheongju M(T) — |41 52 5.8 082 5 115 4,2 —
M(T) — 42 55 61|5 7.0 8.8 56 5115 6.5 —
{

E(T) — | — 53 64]6 5.4 5.8]8.1 2 113 43 —
Jeonju M(J) — | — &3 4 54 7.0|8.3 9 7 4.0 —
LI — | — 5.8 55 7.2|88 6.0 5 5.4 2.1
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E(T) — | — 7.0 66|80 65 60|96 80 49|52 &1 3.8

Daegu M(T) - — 59 6,982 60 60|84 56 50|54 6.6 —

L(I) — | — 6.9 6981 56 58|84 63 54|54 58 —

E — 3.6 57 63|67 7.0 6&1|7.7 59 45|49 49 —

M — 139 54 57|65 6.8 59|80 56 4750 53 —

Mean L — 139 59 5769 7.0 6480 61 48|56 50 —

] — 139 56 63|70 66 6380 55 46(50 49 —

T — [3.9 58 55|64 7.0 6.1/7.8 6.0 4.8[53 54 —

Total Mean L — 139 57 5967 68 61]7.9 58 47|52 52 3.0

E ; Early mature variety
L ; Late mature variety
T ; Tongil variety

M ; Middle mature variety
J; Japonica variety

Table-3. Potential evapotranspiration estimated by several method

W Blaney-Criddle Penman Pan evaporation Radiation(F.A.O)
location
perioi——| D @ ®@ ® 6|0 @0 ® 6| 0O O@®6| 0O @G
E |585760 — —|475053 — —|475960 — —|4.85.455 — —
6 M |6.16.06.16.16,314,7 4,44.8516,1|5.05035.3577.0(434.34.64.95,6
L {6.2616.262¢60,4.74,9555005.4|56596.75.86.1!4.4485514.84.6
E 6.5 6.3 6.5 6,4 6. 4.8 5,1 5.45.15.4|5,4596.56.869! 4,45.05.34,84.56
7 M 6.4 6.26.36.26.314,643433.73.9/5.66,44.83.55014.14.23,83.12,1
L | 6261 6.26.36,2|4.43.43.64.33.8|4.35.24,54.44.8 7 2.9 3.0 3.8 2.9
’ E |6.46.36,46,465|4.34,1 4.7 4.7 4,7]4.23.85.84.46.6 6 3.9 4.7 4.3 4.37
8 M 6.2 6.1 6.2 6.26.2|4.02,63.63.63.912.74,53.54.44.7 .42.1303.13.5
L ’5.6 5.6 5.6 5.6 5. 3.9 2.93.3283.3(3.22.53.63.33.5(|3.32.62.92.32.3
E 5.4 5,35.65.35. 4.6 3.63.03.73.8|51253.92.54.9]|4.13.42823.53.4
9 M |505054504.9]3.33.43.03.53.4|4.04.1 493.84,13.84.23.63.23.5
L - — —45 — | - — =35 —~| — — —37 —| — — —3.4 —
@ Seoul @ Suwon ® Cheongju @ Jeonju ® Daegu
Table-4. Potential evapotranspiration estimated by several method
thod . hristi .
N Hargreaves Christiansen FH;:‘Sgtrlél:\?:;l Jensen-Haise
ocation :
period ™—_ | D @ @ ® |0 @ @ @ |0 @0 ® 6|0 2@ O @ 6
E 554561 — —|3.75350 — — 393844 — — 1344550 — _
6 M |5.44554517.013.841 424651 (3.63.33.73.94.9|3.23.4404.44.8
L 5.6 4.6 6,1 4.7 5.7 | 4.3 5.0 5.3 4.8 4.5 /3.7 3.7 4.5 3.8 4.0 | 3.5 4.0 4.7 4.2 3.6
E 6.55.4 6,657 6.3|4.1555,35.65.3 8 4.0 4.5 4.0 4,1 | 3.95.05.4 4.8 4.5
7 M |5.142483.44.8|4.4454.02.93.9(3.63.13.22.52.73.53.83.83.029
L |383.3414340|3843338373713.0222583.225]|3.1272.83.72.8
E [424.1564757 3.441523855/312938353.7|3.34.04.94.44.3
8 M 2.9 2.53.93.8501(2.22.33.02.93.9 .71.62.52.63.112.91,7 2.9 3.0 3.4
L 3.4 2.63.32.43.4]26233.02.22.8 71.92.31.82.1]252323261.9
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E 14.5 3.4 3.6404,213.93.83.33.23.913.42.42.12728[293.1242928
9 M ‘4.14.9 3.4 3.6 4,437 3.93.63.2403.03.7252.53.3]3.24.62.8283.2
L | —— —25 - — — =81 —| — — — — —| — — —25 —
Table-4. Mean potential evapetranspiration in Korea
\ Period 6 7 5 0

Method T | E M L|E M L|E M L|E M L
Blaney-Criddle 5.83 6,12 6.30 | 6,42 6.28 6.20 ] 6,40 6.18 5.60 | 5.40 5.08 4.52
Penman 5.00 5.02 5.10 ] 5.16 4.66 3.90| 4.50 3.54 3.243.74 3.32 3.50
Pan evaporation 5.51 5.61 6.02 | 6.40 4,82 4.72 | 510 3.56 3.22|3.44 4.01 3.70
Radiation(F.A.0) 5.23 4.74 4,82 4.82 3,66 3.26| 4.16 3.02 2.68 | 3.44 3.75 3.46
Hargreaves 5.36 5.48 5.34 | 6,10 4.45 3.901 4.86 3.62 3.02 | 3.94 4.08 3.50
Christiansen 4,78 4,36 4.78 15,16 3.94 3.58 | 4.4C 2.86 2.58|3.62 3.67 3.10
Christiansen-Hargreaves | 4.03 3.88 3.94 | 4.08 3.02 2.68{ 23.40 2.50 2.1612.68 3.00 2.60
Jensan-Haise “ 4,30 3.96 4.00 | 4,72 3.40 3.02 | 4,18 2.78 2.32{2.82 3.30 2.50

28
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nsens{, Jensen-Haises{ %ol oj3tod 7t5sl Ve
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Table-5. Regression between pan evaporation and potential evapotranspiration

M\\ Item| Regression { Standard [ F-value Regression ES uati
ethod —~——___| Coefficient r Error S.E g quaiion
Hargreaves 0.833 0. 657 188.18 y=0.85x+1.08
Christiansen 0.945 0.373 760. 30 y=1.18x+4-0.07
Christiansen-Hargreaves 0.875 0.574 272.13 y=1.34x40.56
Jensen-Haise 0.834 0. 656 169. 33 y=1.14x+0, 69
Radiation(F.A.O) 0. 849 ' 0.626 215.83 y=1.17x40.32

X ; potential evapotranspiration

Pan evaporation

B Hargreaves
HL —————— Radiation\F.A.0)
v Jensen-Hai se
—.—Christiansen

—-.—Christiansen
~Hargreaves

Potential evagotranspiration

ML E M . E M L E M L
E M . E M - = ¥ <
6 3 9
Moath

Fig. 8. Variation of pan evaporation and se-
veral petential evapotranspiration

Yy ; pan evaporation

4. Blaney-Criddle, Penman, 3%3st %5
B ka2 RRRBHEDS] Hi
KRGS RS FHRI KEE k7] 9154 4
%z Blaney-Criddles(s} Pemanz{o 2 Et&% 3t
2 OERE AET HREE%T BTN KERERS
Ests 2 RS 23T 99 AR A
& et #RE Table-63} o] 2EFHE
o #{t@e Fig.4o] vtebvt 1w}, Table-6 Fig.
4ol A B ubel zro] Blaney-Criddle=9) HEzt
IKTEe BERRERGES S ] WA vYehvied
B3 KEES AEel WS oAFHd Bt
BEZ RN w2 fEdRdAe 2 2A
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B o

2822 AAE AR Az dd"He
Penmanz# BN Hkd FEEIT BBEEA &
3 fEERE K& R Fig.se Fig.esk o] H
Fib st

Table-6. Regression among actual evapotranspiration and penman,

pan evaporation, Blaney-Criddle method

Method ' Penman Pan evaporation Blaney-Criddle
Regre . . .,
: Regression Regression Regression
Period ssiomy T F Equation r Equation r F Equation
E 1 0.404] 1.370ly =0. 56x4-1.07 | 0.629| 4.579ly=0.35x+1.86 | 0.194| 0.273| y=—0.52x4-6.9
6 & 0.602] 7.394ly=0.59%+42.72 | 0.687(11.584|y =0.57x4-2.56 | 0.547{ 5.540| y=3.45%x—15.33
T 0. 675|10. 885 y=2.34x—6.13| 0.520; 4.834ly=1.45x—2.95 |-0.605| 7.520| y=—7.95x4-54.67
| 0.589 6. 540‘y 2.34x—5.64 | 0. 763;1 8.054ly=1.32x—1.79 ';-o. 652 9.591| y=—8.07x458.51
7 h 0. 836 30.119y 3.03x—5.77 1 0.70913.057|y=1.17x-41.28 | 0.472; 3.730] y=7.33x—39.20
T 0. 659 9.98ﬁy 1.09x+41.82 | 0.093 0.114ly=0.85x-}-5.28 | 0.487{ 4.054| y=>5.00x—24. 907
£ | 0,653 9,143y =2.66x—3.94 | 0.419] 2.789|y=1. 34x 2. 125 0.304' 1.319] y=5. 00x—24. 04
8 h 0. 649; 9.509)y =0. 66x~-1.98 | 0.507| 4.506)y=0.47x-+4.12 | 0. 573" 6.33 | y=11.833x—67.37
T 0.426] 2.868)y=0.77x+2.22 | 0.010] 0. 015y =0. 019x+4. 65| 0.276 0.905 y=>5,05x—24.905
9 = 0.090| 0.116)y=0.17x+4.55| 0.72013. 293)y=0. 67x-+2.45 | 0.227| 0.657] y=0.92x41.25
T 0.650| 9.501|y=1.08x+41.98 0.507| 4. 506y =0. 476x-4-4. 11} 0.573} 6.338iy=11,833x4-67.374

* x , Estimated potential evapotranspiration

y ; Measured actual evapotranspiration

() ——— Pan evaporation
10 - Blaney Criddle method
__Measured evapotranspiration

~—-=— Pgnman method

6
5F \\/—/"' X
<
S
a M\/Q(
®
a3
s 8
1
i 1 ! ] S—
E M L E M L E M L E M L
[ 7 8 d

hoeath
Fig. 4. Variation of measured evapotr-
anspiration and petential evapot-
ranspiration

Crep coefficient

Fig. 5. Crop cofficient for the Penman
method
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coefficient

Crop

Month

Fig. 6. Crop coefficient fo rpan evapo-
ration method
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