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Method for Estimating Irrigation Requirements by G.H. Hargreaves.!
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Tae Young Um - Chong Jin. Hong

Summary

The purpose of this study is to evaluate the existing methods for calculating
or estimating the consumptive use (Evaportranspiration) of any agricutural dev-
elopment project area.

In determing the consumptive use water in the project area, there will require
the best way for estimating irrigation requirement. Many methods for computing
the evaportranspiration have been used, each of them with its merits and deme-

~ rits at home and abroad. Some of these methods are listed as follows:

1. The Penman's formula

The Blaney-Criddle method

The Munson P.E. Index method

The Atmometer method

The Texas Water Rights Commission (TWRC) ‘method
The Jensen-Haise method

The Christiasen method

Therefore, the authors will introduce the more widely used method for calcul-
ating Consumptive Use by G.H. Hafgreaves b

The formula is expressed in the form E,=K-d-T (1,0—0,01-H,)

H,=1,0+0,4H40, 005H?,

This method was adopted for the first time to determine . the Irrigation
requirements of Ogseo Comprehensive Agricultual Development project (Benefited
area 100,500ha) in Korea: This method is presented in somewhat greater
detail than the others. Formula is given for the computation of evaport-
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ranspiration (with various levels of data availability) Sampel computation of

irrigation requirements for Ogseo irrigation project is included.

The results and applied materials are summarized as follows.

1. In calculating the Hargreaves formula, the mean temperéture relative, humi-

dity, length of day, and percentage of sunshine from three stations .of Iri,

Jeonju, and Gunsan were used.

2. Monthly evaporation values were calculated by using ‘the formula.

3. Meteological data from the three stations records for the ten vears (1963~

1972) were used.

4. The annual irrigation requirements is 1,186mm per hectare, but thz case to

consider effective rainfall amount takes the annual - irrigation demand -being

700mm per hectare.

1 Hargreave 1s Agricultural Adviser, USAID, Bogota, Colombia
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Corrected value to be Substituted for

o o

Percent Sunshine (%

Fig. 1. Jordan’s A R#sghia
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Monthly Daytime Coefficients, d, For use with Hargreaves formula
Month|
\ Jan | Feb | Mar | Apr | May | June | July. | Aug | Sept |Oct | Nov | Dec
Degree
Lat. North
44° 0.77 0.79{ 0.99 1.08 1.23 1.25 1.26 1.17 .01 0.92 0.78 0.75
a2¢ 0.79| 0.80 0.99 1.07 1.21 1.23 1.24 1.16 1.01 0.93 0.80 0.77
40° 0.81 0. 81 1.00 1.07 1.20 1.21 1.24 1.15 1.01 0.93 - 0.8 0.78
38° 0.82) 0.81 1,000 1.07p 1,191 119 L.2] 1.14  1.01- 0.94 0.82 0.80
36° 0.84 0.82 1. 00 1.06 1.18 1.18 1.20 1.-13 1.00/ 0.94/ 0.83} 0.81
34° 0.85 0.83 1.00 1.06 1.17 1.16 1.19 1,120 . 1.00] 0.95 0.84 0.83
32° 0.86|  0.84 1.00 1. 05 1.16 1.15 1.17 LN 1.00; 0.95 0.85 0.85
30° 0.88 0.84 1.01 1.05 1.14 1. 14 1.16 1.1 1.00] 0.94 0.86] 0.86
28° 0.89{ 0.84 1.0} 1.04 1.14] 1.13( 1,15 1100 1.00 0.96) 0.87] 0.87
26° 0.90| 0.85 1.0 .04 1.120 1.12] 1140 1,09 1.00] 0.970 0.88. 0.88
24° 0.M 0. 86! 1.01 1.03 1.12{ 1.10 1.13 1.09 1.00] 0.97 0.89 0.90
22° 0.93] - 0.87 1.01 1.03 1.1 1.10 1.12 1.08 1.00] -0.98 Q.90 0.91
20° 0.93  0.87 1.0 1.02 1100 1.08 .M 1.07] 1.00 0.98 0.91 0.95
18° 0.95 0.87 1.01 1.02]  1.09] .1.08 1100 1.06 0.99) 0.99, 0.92] 0.95
16° 0.95 0.88 1.0l 1.01 1.08) 1.08 1.09] 1.06 “0.99] 0.99] 0.93 0.95
14° 0.96/ 0.89 1.01 1.1 1.07 1.05  1.08] 1.05. 0.99] 0.99 0.94 0.96
12° o971 o.89 1.01] 101 1.06 .04 1.07 1.051 0.99] 0.99 0-94 0.97
10° 0.97| 0.89 1.0l 1.01 1.06] 1.03] 1.06] 1.05 0.99; Q.99 0.95 0.97
8° 0.98/ 0.89 1.01 1.01 1.05/ 1.02} .1.05 1.04] 0.99, 0.99 0.95 0.97
6° 0.98/ - 0.90. 1.01 1.01 1.05{ 1.02| 1.05 1.04] 0.99 101 0,95 0.98
4° 0.98/ 0.91 1.02] 1.00; 1.04[ 1.01 1.04] - 1.0 0.990 1.01 0.95 0.98
2° 1.01 0.N 1.02(  0.99 1.02] 0.99 1.02 1.02y  0.98 1.02)  0.98 1.01
o° 1.02] 0.92 1.02 1. 00) .02  0.99 1.02 1.02] 0.98 .02 0.99 1.02
Lat. South ‘ ‘
0° 1.02 0.92 1.02) 0.99 1.02p 0.99 1.02 1.02| 0.98 1.02] 0.99 -1.02
2° 1.02| 0.93 1.02) 0.98 1.01 0. 98 1.01 1.02) ~ 0.98 1.021  0.99 1.03
4° 1.04) 0.93 1.02l o0.98l 101 o0.97] 0.98 . 1.01 0.98 1.03] 1.00| 1.04
6° 1.050 0.94 1.02| 0.97 1.00f  0.96 0.798 1.00] 0.98[ © 1.03 1.0} 1.05
8° 1.05, 0.94 1,020 0.97] 0.990 0.95 .0.98 1.00| - 0.98 1.03 1.02] 1.06
10° 1.06] 0.94 1.021 0.97] 0.98 0.94). 0.97 0.99] 0.98 1. 04 1.02) 1.07
12° 1.07| 0.95 1.020  0.970 0.98/ 0.93[ 0.97] 0.99] 0.98 1.02 1.03) 1.07
14° 1.08] 0.96 1.02] 0.94 0.97] 0.92] 0.96] 0.98 ~0.98{ 1.04| 1.04f 1.08
16° 1.09| 0.9 1.03  0.94 0.96f 0.91 0.95| 0.98 0.98 1.05 ~1.05 1.10
18° 1.10]  0.97 1.03| . 0.96] 0.96] 0.90} . 0.95 0.97] 0.98 1.06 .06l 1.1
20° .11 0.97 1.03'  0.95 0.94{ 0.89 . 0.93 0.97} 0.98 1.06 1.06 1.12
22° .12 .0.97 1.03] 0.95 0.93{ 0.88 0.93; 0.96] ~0.98 1. 06 1.07} 1.13
24° 1,13 0.98 1.03f - 0.94 0.9 0.87] 0.9 0.96y 0.97 1.07 1.08 1.14
26° “1.140 0 0.99 1.03] 0.94 - 0.91 0.85] 0.90 0.94] 0.97 1.07 1.09] 1.15
28° 1.15 1. 00 1,03 0.93]" 0.90] 0.83 . 0.89 0.94] 0.97 1.08 1.100 117
30° .16/ 1.000 1.04 0.93] o0.89] 0.83 0.88 0.94 0.97| 1.08 I.1h 1.18
32° 1.17 1.00 1.04) 0.92] 0.89f 0.82 0.8 0.93} 0.97 1.08 1,12 .1.18
34° 1.19 1.01 1.04] © 0.92] 0.88] 0.81 0.85] 0.92} 0.97 1.09 .13 1.20
36° 1.21 1.02 1.04| .. 0.91 0.85 0.79] o0.84 0.9 0.97 1.10 .14 1.23
38° 1.22 1.03 1.04, 0.9 0.84| 0.78/ 0.82 0.90 0.97 1.10 1,15 1.24
40° 1.23 1. 04 1.04 0,90 0.84 0.76 0.81 0.90] 0.96] - 1.11 1.16] 1,25
42° 1.25 1. 05 1.osl  0.90f 0.82 0.74 0.790 0.89 0.96 .11 .17 1.27
44° 1,26 1.06 1.0 0.89 -0.81} 0.72] 0.77 0.88; 0.96 .12 .19 1.29
46° 1.28 1.07] 1.05) 0.89 0.791 0.70] 0.76] 0.871 0.96 1.13 1.200 1.31
48° 1.30 1.08 1.05/ o0.88] 0.77] 0.68) 0.74] 0.85 0.96 1.14 1.22 113
50° 1.32| - 1.09 1.05f 0.87p 0.76[ 0.66 0.72 0. 84‘ 0.95 1. 14 1.24 "1.26
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2. R B ERT W (Computation of
Evaportranspiration) -
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E‘ = E’x K FRIRTITTTTIPPRPIS seessseseranans ( 7)

E, : 755, mm

Ej : A-panZkE &, mm

K, frotREt

(NAY K32 &l K#kst= HargreaveR &

YEFA et (r9 2AEHNE ERREE

5He ES Relq g 2,39 £ 34 R+
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HargreavelX {E9Ef
1) k&
(2) Group A : F, 44, A%, T, 74,
AR, ARee }
(3) Group B : ¥4}, AT%, £F, £y,
o A&, ErbE, Gl AR
(4) Group C : &%), o3}, F2, 3=, =&,
oelgl = o
.(8) Group D : u#, ofas}els}x, ofel, 3,
A4, FetaIH
(6) Group E : 3}43 o] $a-F, wh, F2wp
A7 ol '
(7) Group F W R ‘Grapefruit
(8) Group G : #}a}b, ARp++H

£-—3. 2 B X E £ BKE)
EEHM H§2% | Group A Group B Group C Group D Group E xR
0 0.20 0.15 0. 12 0.08 0.90 0.80
5 0.20 0.15 0.12 ©0.08 0.90 0.90
10 0.36 0.27 0.22 0.15 0.90 | 0.95
15 0.50 0.38 0.30 0.19 0.90 1.00
20 -~ 0,64 0.48 0.38 0.27 0.90 1.05
25 0.75 0.56 0.45 0.33 0.90 1.10
30 0.84 0. 63 0,50 0.40 0.90 .14
35 0.92 0. 69 0.55 0.46 0.90 .17
40 0.97 0.73 10.58 - 0.52 0.90 1.21
45 0.99 0.74 0. 60 0.58 0.90 1.25
50 0. 00 0.75 0. 60 0.65 0.90 1.30
55 0.00 0.75 0.60 0.71 0..90 1.30
0 0.99 0.74 0.60 0.77 0.90 1.30
65 0.96 0.72 0.58 0.82° 0.90 .25
70 0.91 0.68 0.55 | 0.88 0.90 1.20
75 0.85 0. 64 0.51 0.90 0.90 1.15
80 0.75 0.56 0.45 0.90 - 0.90 1.10
85 0. 60 0.45 0.36 0.80 0.90 1.00
90 0.46 0.35 0.28 0.70 0.90 0.90
95 0.28 0.21 0.17 0. 60 0. 90 0.80
100 0.20 0,20 0.17 0.20 0.90 0.20
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Fig. 2. Crop consumptive use coefficient Fig. 3. Crop consumptive use coefficient curve 2
curve |
1, EREH
7}, EEME (Precipitation), mim
J= | )
VA|2RBI3A|4A|5B|6R|7R |88 |9 A | 108|118 | 128 e
25 . ! :
® B 3.4 30.3 67 o so. 2% 83.3! 154.4) 263.5| 185.6] 147.4| 48.1] 46.5 30.4 1,172.
2 S 27. 43’ 33.5 68.3] 76. 9) 87.3]| 155.9] 282.6] 222.4| 155.8; 55.31 48.4 29.2 1, 243
=3 W 29. 4i 25.9, 56.7 67. ll_ 68.5) 152. Si 222.0; 184.1} 162.4| 57.6] 45.6] 33.1 1, 105
= i 30. If 29.9, 64, Oi 74. 75 79. 7‘ 153. 3| 257.7| 197.4] 155. 2] 53. 7‘ 46,8 30.9 1,173

Lt 8B (Mean temperature), °C

A l 2 \ 3 g4 5 Bl6 { 7 \ 8 l 9 10 1 i ‘ 2

ma 2R A[¢A[sAe RI7 A AP A|0A|IA[L R
\ = —2.21 0.4 52 123 18.3 22.0} 25.7] 27.0 21.8] 152 7.9 1.4
2 M| =12 07 S0 120 175 215 257 2.6 210 4.4 8.4 1.9
| —1.4 00 3.0 106 162 20.2 248 257 - 21.4 4.6 82 25
| =16 0.4 44 16 17.3 212 254 264 214 147 &1 L9

C}. ;B BE(Mean Relative Humidity), %

ﬁi1g2}%3ﬁ4}%55516)@’7}%18ﬁ}?}%tmﬁjillﬁjlzﬁ
[E 7 P ? | j

& @j 72.3 825 82 s‘ 8a. 3~ 7.0, 800 8.0 840 8. 7 77.7) 78.9 7.7
24| 73y 76 724 728 722 76.1) 8.9 80.4 79.2 75.3 75.0[ 74.0
=3 m\ 79.2 764 746 77'2i 75.8‘. ao.ol 84.0} 81.0 78.8)  73.3) 74.00 74.0
ol o782 ns 7es 78.00 2.0 787 8¢ end 80 754 757 752
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2t Hl’s*l!f'a'iﬁl“lﬁﬁ( (d), Lat. North 36°

A sil1A 2%{35 45!5)@

6)%’7)%'3}5] ? A

108 |1 {128 | 15 =

0. 84

®) oo o 1o 1o 19
EHRRH 0.82 1.000 1.06 1.18

|

1.18

l.20g 1.13
. j

FER36°
3he] 2220
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)
1.00 0.94 0.83 A
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sglwg | ng |28 |5

FJ'SE %
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13. 8
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Jinm
1

l'
55.0
|
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41.6
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]S'Z:Lﬂ 1ol 4

51.6
13.4
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13.4

63.4
14.4

60.0
14.0

Hh. A BIFERE (E,), mm

X (B AXZE-S BEEEERERA A (D=20cm)gk

1TA|2RB|38B|48|58B|68

7

B 78}%"9)% 08 | VA | 2R | & |#&#

105.1 132.5'
103.5
110.7
106. 4

44.7
32.7
48.2
41.8

35.6
29,2
39,8
"34.8

74.5
64.8
80.1
73.1

132.8
1311

F o

145.7
126.2! 136.1
145. 4
142.4

143.3
118. 01
140. 1
133.8

1,123.6

981.6
1,167.2
1,094.8

146. 8] 109. 1
17.7| 95.2
145.4) 116.6
136. 6] 106.9

90.1
79.8
104.0
91.5

39.0
32.4
44.7
38.7

56.5
43.9
59.5
53.3

by BRHERES BEastd AR Class A-panZEK@@ e oh&

#—3. A-pan ¥2E (£,), mm

F—3% Zo] R&$+ ot

M M
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7HB 8R8 {98 | 108 1NA| 1278
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13. 80,
4. 40

.06 1.18
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£EBECOWM
AREHEEREY%

(H)
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A-pan7E¥% Emm
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13.30;13. 90 13.70 13.70

—1.60i 0. 40 11.60] 17. 30,

78.2) 77.5| 76.5| 78.0! 75.0

62.60,62.0061.0062.70: 59.00

23. OOI63. 00114.70

b
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1.20l 1.
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13. 40113 4014. 4014. 0013, 20 # —u}
26.4021. 40 1.90
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25.40
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14.70 8. 50,

81.8 80.6f 75.4| 75.7,

| .
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69.40 67. 2065 70i59. seo. 00/59. so{+° 005H* Hef
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Average Monthly Effective rainf

Based on 3-inch net depth of application For other
net depths of application. multiply by the factors
show below,

4
all, 1, in inches)[*

w

Mean Monthly Raiﬂfall, t,, in inches

NN

g

x4

ot
ep
| of

Appli
R 75 1.0 1.5 2.0 2.5 3.0 40 50 607 o-tz.ﬂ
actor. 72 .77 .86 .93 . 971.00 1.02 1,04 1,061.07

NOTE : Avérage monthly effective rainfall cannot exceed averagej

monthly rainfall or average monthly consumptive use. When thel

rainfall exceeding either. this_value must be reduced to a value
equal the lesser of the two. Factors shoulc not be applied to

application of the above factors results in a value of effective T

%Eose values of average month{y "efiecitive rainfall shovvﬁ above

0.5 L0

1.9 2.0

2.5

30 3.
Average Monthly Effective Rainfall, r., in inches

0INts i ;
P m4' glarkeg‘ gvnh _ag‘ 3§ 53 50 5y

.0

Fig. 4. Average monthly efective rainfall as related to mean monthly rainfall and average
‘monthly consumptive use
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#%—7. Average monthly effective rainfall » as related to mean monthly rainfall and
average monthly consumptive-use

-\werage Monthiy Censumptive-Use, %, in Inches

'Rd,’m“ o 2.0 3.0 4.0 50 . 6.0 7.6 . 80 9.0 10.0

Tnchg Average Monthly Effective Rainfall, re, in Inches

R .30 .32 .35 .36 .37 L4042 45 47 .50
1.0 .60 .65 .70 .72 .74 79 .82 .88 .98 1.00
5 .90 .98 1,05 1.10 1.13 117 0122 132 1.45 1.50
20 @ .29 .38 .43 1.47  1.56 - 1.62 1.75 1.88 . 2.00
2.5 N7 1,59 1.70 1,78 1.84 .94 2,020 215 230 ;| 2.50
3.0 - — 1.85 1.92 2.1 2.20 2.30  2.41 2.5  2.70 2.95
25 %_3_0? 2.27 2. 41 255 264 279 295 3.1 3.38
A0 T 2.55 2,71 2,88 2.97 - 3.15 - 3,32 3.5 3.80
a5 0 S 2.8 300 321 330 349 371 392 422
s %%3\ 3.26 3.51 3.62 - 3.83 409 432 ! 4.63
5.5 " 3.55 3.8] 3.95 417 445 471 5.04

0 3.61 4,09 4,24 4,50 4.8 580 5.44
6.5 M 4.35 4,52 480 ' 512 - 5.42 5.81
70 ‘- 4.60 4,80 510 541 . 572 6.15
5 {, v + 4,84 5.06 536 568  6.03 6.45
2.0 1.00 2,00 2.00 4.00 é% 531 560 593 632 6.74
1) Based on 3-—1nch net depth of application. For other net depths of application, multiply by

the factors shown below.

Net Depth

of Applic- .75 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 7.0

ation

Factor .72 .77 .86 .93 .97 .00 1.02  1.04 . 1.06 .07

Note : ‘Average monthy effective rainfall cannot exceed average monthly rainfall or average
monthly consumptive use. When the’ application of the above factors results in a value
of effective rainfall exceeding either, this value must be reduced to a value equal the lesser
of the two. Factors should not be applied to the values of average monthly effective
rainfall shown below those encircled. Where mean monthly rainfall (r,) is less than 0.5
inch it may be assumed to be 100 percent effective.
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1. Method for Estimating Irrigation Reyuirem-
ents by G.H. Hargreaves USAID, Bogota,
Colombia, April 1967.
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2. Irrigation Water Requirements Technical
Release No. 21. USDA April, 1967
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6. Upland Developmet & Watershed Managem-
ent project, Seoul, FAO/UN Aug. 1973.
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