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Analysis on Estimating Evapotranspiration of Paddy Rice
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Summary

This work was carried out to obtain the most suitable crop coefficient for the paddy
rice growing in Taegu area, The result was due to the comparative measurements of
evapotranspiration formula in terms of Blaney & Criddle and eight other formulas with
those produced by experiment particularly in this area. The crop coefficient, evapot-
ranspiration and transpiration ratio produced by this research are hopefully expected to
be of service in the future calculation of evapotranspiration without repeating experiment
respectively, whenever the water requirement of paddy rice is planned in Taegu and
its vicinity.

The accomplished results could be summarized as follows :

The maximum amount of evapotranspiration was recorded in the early and middle parts
of August . The average reading of evapotranspiration was 6.33m/day throughout the
growth. The evapotranspiration had a highly significant correlation with pan evaporation,
solar radiation, sunshine hours and relative humidity of meteorological elements . K and
Kc by the use of Blaney & Criddle formula calculated at 0.76 to 1. 45 and 0.82 to 1.27, re-

spectively . Its peak value appeared commonly in early August. The ratio of transpira-
tion was 269, 03 .
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Table 1. Amounts of fertilizer applied
Item Fertilizer amounts Amounts of 3 elements
Unit H,N-CO-NH, Ca(H,P0,) , KCI N P, 0, K,0
kg/10 a 27. 7 148 16. 8 10. 6 6 3 8 4
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Table 2. Evapotranspiration estimating formulae
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Item Crop
Formula Factors
Method coef.
Pan evaporation ET=Kp - Epan & ET : Evapotranspiration (am / day )
. P :Mean daily percentage of annual
Blaney & Criddle ET,=P{0.46T+8.13) K daytime
Alter Blaney & K=Kt . Kc K¢ Kc : 0 173t-0. 314 (t: °F)

Criddle

ET,= 0. 755 Epan-Ct -

Ct
Cw

: Temperatuare
t'Wind velocity

Epan: FPan evapor-
ation (mm/day)

Christiansen - Ch :Mean humidity T :Mean temper-
Cw-Ch-Cs Cs : Ratio of solar ature (°C)
radiation R, : Solar radiation
i . i m/day )
) Corre.ctmg Fh : Humidity _ D :l(\dunthly day time
coeffients Fw :Wind volocity .
Hargreaves ET,=D-T-Fh-Fw. _ Fs :Ratio of solar coefficients

Hargreaves &
Christiansen

Fs3.Fe

ET; =0.492Rs-Cyyp -

CWT N CI{T

Jensen- Haise

ETy=Cq (T-T¢ )+ Ry

W Weighting factors

radiation
Fe : Elevation as temperature
and altitude
Cpr: Temperature

Cyp:Wind velocity

c:I-I’I‘

+ Humidity

Cq : Temperature coeffient (0.025)

- T, : -3°C
A -03
Makkink B B :Modified coefficient as RHmean
(Radiation )} ET,=A+B-W-R, and mean daytme wind velocity
Rn : Net solar radiation (me/day)
f(u)=2027(1+u/100)
Penman ET, =W.Rn+ (1-W)- - u :Wind velocity

f(u).(ea-g)

€3 -€,

: Difference between agqueous

vapor pressure and saturated
vapor pressure (mmHg)
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Table 3. Variation of evapotranspiration at each

growth stage
(unit : s/ day)
Year
Growt 1982 1983 1984  Mean
stage
E. - - - -
Jun, M. 59 57 56 5. 7
L. 5 2 4.5 4.1 4. 6
' E. 71 6 2 46 6.0
Jul . M. 6. 3 56 71 6 3
L. 5 8 6. 7 6 9 6.5
— E. 98 a3 as 95
Aug. M. 7.2 10, 4 85 8.7
L. 51 6 3 b3 59
E. 6. 2 b5 37 51
Sep. M. 5 3 4. 8 50 50
L. - ~ - -
Mean 6. 37 6. 50 6 13 6. 33
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Table 4. Variation of evapotranspirations and
evaporations at each growth stage
(unit: #n/day )

Item
m Evapotranspiration  Evaporation
stage

E. - -
Jun . M. 56 55
L. 41 4, 3
E. 4. 6 31
Jul. M. 7.1 4.5
L. 6. 9 35
E. 9.5 32
Aug . M. 85 31
L. 6. 3 L9
E. 37 L3
Sep. M. 50 16
L. - -
Mean 6 13 2 85
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Table 5. Correlation coefficients hetween amounts of pan evaporation and meteorological factors at

each growth stage

Meteorological

{factors Mean Mean R Solar Sunshine Mean wind

i 4 e locit

Growth stage temperature humidity radijation hours velocity
1-10 0. 5574 -0. 8723 0. 9593 0. 9333 -0, 2058
11 - 20 0 5727 -0. 8862 0. 8537 0. 8152 0. 1010
21 - 30 0 7378 - 0. 8666 0. 9111 0. 9518 0. 2226
31 - 40 0. 2890 -0. 8808 0. 9623 0. 9069 0. 3060
41 - 50 07761 -0 9147 0. 9728 0 9522 0. 3691
51 - 60 0. 8438 -0 7368 0. 8728 0. 8205 0. 3829
61 - 70 0. 3746 -0. 8819 0. 8958 0. 8531 G 5039
71 - B0 0 4171 -0. 8700 0. 7836 0 7035 -0, 1981
81 - 90 0. 4084 -0. 6017 0. 7736 0 7560 -0 2620
91 -100 0 1414 -0 5467 0. 7973 0. 5997 0. 3640
Mean ¢ 5118 -0. 8058 0. 8782 0 8292 0. 1584
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Table 6. Correlation coefficients between amounts of evapotranspiration ard meteorological factors at

each growth stage

Meteorological

factors Pan Mean Mean R. Solar Sunshine Mean wind
Growth stage evaporation temperature  humidity radiation hours velocity
- 10 0. 9490 0. 5785 - 0. 8588 0. 9415 0. 9391 -0 3063
11 - 20 0. 9256 0. 5738 - 6. 7708 0. 8774 0. 8159 ¢ 6245
21 - 30 0. 9329 0. 6952 - 0. 8509 0. 8988 0 9212 0. 1737
31 - 40 0. 9595 0 3216 ~ 0. 8655 0. 9345 6. 8051 0. 3110
41 - 50 0. 9566 0. 7580 =0 9106 0. 9341 0. 9230 0. 3388
51 - 60 0. 9048 0 8439 - 0. 8362 0. 8593 0. 7852 0. 3959
61 - 70 0. 9351 0. 3725 - 0. 8657 0. 9544 0. 8829 0. 5213
71 - 80 0. 9650 0. 3789 - 0. 8842 0. 8175 0. 7336 -0 1611
81 -~ 90 0. 9215 0. 3276 - 0. 6495 0. 9060 0. 9160 - 0. 3552
91 - 100 0. 9178 0. 2980 - 0. 5548 0. 7200 0. 5534 0. 2579
Mean 0. 9418 0. 5148 -0 8047 O 8844 0. 8375 0. 1201
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Table 7. Variation of erop coefficients
“Growth stage Jun. Jul Aug. Sep
Mean
Coef , M L E M L E M L E M
ET 5 7 4.6 6.0 6 3 65 9.5 8 7 59 51 50 6. 33
ET coef . 692 0 87 1. 14 L 30 1 33 1 45 1 46 I. 48 L 37 L3 1267
B & C(K) 0.94 076 0. 96 L 02 LOD 145 L3 099 099 L 60 1049
B & C(Kc) 0.98 082 0. 96 Lol 099 127 126 098 105 111 1044
Christiansen 1 22 1 19 1. 56 L 72 1. 76 L 82 1 93 201 L 79 1. 73 L 673
Hargreaves 082 0 84 1 04 L 04 L 14 L 20 L 20 L 29 1 27 L1 1094
Har. & Chr. 1 13 L 14 1. 45 1. 65 1. 52 L 91 L83 1 83 194 1L 65 1 604
sensen- Haise 1L00 (92 1 16 1, 20 I 13 14] 1. 46 1 40 . 41 121 1, 229
Makkink 077 0.68 0. 90 0. 94 0 92 L 20 1L 22 1. 13 105 0. 87 0. 970
P enman 09 086 L 10 l. 22 1 16 L 63 1, 50 131 1 35 L 24 227
Standad 0.8 091 0. 95 0. 99 L0686 118 130 122 111 0.96 L 057
Remark : ET : Evapotranspiration ET coef : Evapotranspiration coeffient

B & C : Blaney and Criddle

Har. & Chr. : Hargreaves and Christiansen
Standard : Design standard crop coefficient
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Table 8. Variation of transpiration ratios and
weights of dry matters { root removal )

Item Accmulative Weights of Transpir-
transpiration dry matters ation
Growth gtage (g) (g) ratio
E. 12 488 39 435 287. 089
Aug. M. 15,227 61 58.2 261 643
L. 17, 471 44 65. 6 266. 333
E. 18675 92 70. 3 265,660
Sep. M. 20, 307,79 76.. 8 264.424
L. - - -
Mean - - 269.030

Il el #Ee EHE| AT sel o2k B
she RS BYE T 269.03 2% oelbidel

o] Ve M EEeldel Kk 260.4 ~
20503+ A —gtgdn &2 207.8, B9 164. 1~
193.9 v} o BWe] 462.5 U A AN
400~500 s Hgicl .

3, HaEsl g Ee] W Fig.73 2o 8
BARE 0.998 2 -2 NS vg-uvl, ofs AME
3} EApEe] obg EER HREHm et oo
AL Fokf,

30, 000~
Y—=6504.7 (1.015) ¥
¥ = 0,9983
~
=]
~ 20,000} A
= a
£ o
o
=
[=%
"
=
3]
g
= 10,000}~
0 1 1 || 1
10 20 30 40 50 70 100

Weights of dry matters (&)
Fig. 7. Relationshlp between the transpiration and
the weights of dry matters ( root removal)

i) L3

A BT ARG 2lol4 o) EREES] B3
HEERe Bl Sl WRel 4 BREES W
Fobm, Ml WAMESH oAl 7hx) B o sk 9
RBEE e AKX (Blaney &Criddle? 258 # 87}
A AR thal HEES Hersted, kA W
Aol b WA RENE el vk RE
RS 1982 ol 4] 1084 7R on], HHS BHEA
BiA HELEN A BT, RRT BT HE6
mozE RHE WMElch W &R B
chaa} gl

WS WEEES BHE Bt MRSl B2
Mol A HEEBAEMRON ol 23 8 1 E-rhigol4] Bk
@E vebded, 2 5 Wik Rostach 2 AHHRM
o F 1 B ABKES 6.8 mdlch T, KBER

34



< KB TR HitE, OBNEE, HERLY = 48
M-S Ada gdglvh, A#0 HRGE= 0,884,
0.838, — 0.805 ol gl 7, ZEFFH FHFEI= AWK
04224 mE2] HEHS AVx sigdcl Kl
7 Wl WA fEHHEBE Blaney & Cri-
ddleb® Roll %3 Kol Ke2, 71 #ifle %%
0.76 ~ 1.45, 0.82~ 127 o[9lw BAMEL 3] 8

5 H

1. Blaney, H. F, and Criddie, W. D. 1950. Dete-
rmining water requirements m irrigated areas
from climatological and irrigation data. pp. 1-
96. U. S. Dept. Agr. Irmrigation and Water
conser . SCS.

2. Blaney, H. F. and Criddle, W. D. 1962, Deter-
mining consumptive use and irrigation water
requirements. U. S, Dept. Agr. Tech. Bull-
etin 1275; 1-24,

3. Christiansen, J. F. 1966. Estimating pan evap-
oration and evapotranspiration from climatic
data. Proc. of ASCE, Irr, & Drain. Div. %4
(2) ; 243-264.

4. R, S8, ERIE 19720 i HKE
o BT ARPIA#E. pp. 47-TL BKES B
L CE N

5. Hargreaves, G. H. 1956, Imigation requiremen-
ts based on climatic data. Proc. of ASCE,
Irr. & Drain. Div. 82 (3); 1-10.

6. Hargreaves, G. H. and Christiansen, J. E.

1969. Irrigation requirements from evaporation

Proc . VIl Congr . ICID, Mexico City 23 ; 570-595,

7. ¥R, &¥E. 1971 FHENE HF— (IR667 )9
BAE medss BEETEGHE 13(4); 2126

8. Jensen, M. E, and Haise, H. R. 1963, Estima-
ting evapotranspiration from solar radiation.
Proc. of ASCE, Irr. & Drain. Div. 8% ; 15-41,

9. @ 1969, M FAHE Lo EEABE Yk
WA IEATR ol RS AR % BERE LS

35

8
B kel velstel), #A#Esl BHET SR
0.998 =4 RES MIBAM:-S ndow, ¥ Kt
L 269,03 olgl e},
Fx Wl A o2 feipREel RBEHRE Y Bk
© ARP W BREHUES] RKE HEN RBHRES
EaEahed) BRSA #RE Aoz pEs

X B

g3 11(2); 27-36.

0. &EE HERL 1974 =¥ B . mESEY #
BEEEREC YR MG B3I HE ).
SER LEEE 16(2); 1-34.

11 &a¥, Zsh &FkE 1981 kESHBEY ©
HARER BT S8, SRETSBEE 23Q)
; 35-44.

12. @it 1981 o 57 BEAR ERd MY
BgE. pp. 144, BIECREIASRE BEEIHY.

13. Makkink, G. F. 1957, Testing the penman for-
mula by means of lysimeters. J. Inst. Water
Engr.-11(3) ; 277-288.

14. BAS%. 1969, v AFPIRG] =l Ae] X4
Al SR (1), @RS TEEEE 11(2);
1-27.

156, RFERE AL, 1972, BEMAKMBLEARERE,
pp. 4-13.

16, BEEREARL. 1982, AERABABERBRFY. pp.
346-427. A2 KEBEr BH AR K BB
L.

17, BREREARE. 1982, 3 EREG Y  HEERE
3 4+ 2. pp. 15-23.

18, REREAG. 1983 fefpe] MEkE. 24:14-
84. i

19, Penman, H. L. 1948, Natural evaporation from
open water , bare soil and grass. Proc. Roc
Rov. Soc. Londen Ser. A. 198 ; 120-146.

20, S 197). #@EIFAAR ARG, pp. 1-
67. BEREAT A TARA.



