Evapotranspirasi Metode Penmann

: IE REFERENCE EVAPOTRANSPIRATION (ETo)

1.% Penman Method

Climatic data required are: mean temperature (T in ©C), mean relative humidity
(RH in %), total windrun (U in km/day at 2 m height) and mean actual sunshine duration
(n in hour/day) or mean radiation (Rs or Rn equivalent evaporation in mm/day). Also
measured or estimated data on mean maximum relative humidity (RHmax in %) and mean
daytime windspeed (Uday in m/sec at 2 m height) must be available. Reference evapo-
transpiration (ETo) representing the mean value in mm/day, over the period considered,
is obtained by:

ETa = ¢ [W. Rn + (1-W). fU). (ea-ed)]

where:

(ea-ed) vapour pressure deficit i.e. the difference between saturation
vapour pressure (ea) at Tmean in mbar (Table 9) and actual
vapour pressure (ed) in mbar where ed = ea . RH/100 '
f(u) = wind function of f(U) = 0.27 (1 + U/100) with U in km/day
measured at 2 m height
Rn = total net radiation in mm/day or Rn = 0.75Rs - Rnl where Rs is
incoming shortwave radiation in mm/day either measured or
obtained from Rs = (0.25 + 0.50 n/N)Ra. Ra is extra-terrestrial
radiation in mm/day (Table 10), n is the mean actual sunshine
duration in hour/day and N is maximum possible sunshine duration
in hour/day (Table 11). Rnl is net longwave radiation in mm/day
and is a function of temperature, f(T), of actual vapour pressure,
f(ed) and sunshine duration, f(n/ N), or Rnl = f(T). f(n/N) . f(ed)
(Tables 12, 13 and 14)
temperature and altitude dependent weighting factor (Table 15)
adjustment factor for ratio Uday/Unight, for RHmax and for Rs
(Table 16)

Are
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EXAMPLE

Given: Location 30°N; altitude 95 m; ]uly'; Tmean 28.5°C; RHmean 55%;
Umean 232 km/day; n mean 11.5 hour/day; (RHmax 80%, Uday 3 m/sec,
Uday/Unight 1.5).

Calculation:

ea T = 28.5°C Table 9 38.9 mbar
ed ea. RH/100 _calc 21.4 mbar
ea-ed calc 17.5 mbar
f(U) 0.27(1 + U/100); U = 232 km/day calc %;g

Ra 30°N, July Table 10 16.8 mm/day
N 30°N, July Table 11 13.9 hour/day
Rs (0.25 + 0.50n/N) Ra calc 11.2 mm/day
Rnl £f(T). f(ed) . f{(n/N) Tables 12, 13, 14 1.8 mm/day
Rn 0.75Rs - Rnl calc 6.6 mm/day
W Ti= 28,5°C: 954 ; Table 15 6 50557

¢ RHmax 80%; Rs 11.2; Uday/Unight 1.5 Table 16 1.01 .
ETo c [W.Rn + (1-W). f(U) . (ea-ed)] cale 8.8 mm/day



Table 9 Saturation Vapour Pressure (ea) in mbar as Function of Mean Air Temperature (T) in °C ¥

T E ool 2 e maFsl 6 JFEUETIE WAEY 19,1 W st 16 F 45°H9

ea mbar 5.1+ 6.0 9.1 Jg.09 b, 8.7 9.3 10,0810.7 ll;j 12.3 13.1 14.0 15.0 16.1 17.0 18.2 19.4 20.6 22.0

cemppriilios 21 %2 23N S4uhes 26 27 .38 . 28 WY SAL 3R Ok L Gd5 36 N 385 39

ea mbar 23.4_ 24.9 26-4 28-1 29.8 31.1 33.6 SSJ*_37!8*_40.1*4204 44-9 47-6_3)03 %02 5602 59-4 62.8766.3 6_9-9

Y Also actual vapour pressure (ed) can be obtained from this table using available Tdewpoint data.
(Example: Tdewpoint is 18°C; ed is 20.6 mbar)
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Ext.ra-terrestrial Radiation (Ra) expressed in equivalent evaporation in mm/day
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Table 10




Table 11

Mean Daily Duration of Maximum Possible Sunshine Hours (N) for Different Months and Latitudes

Eg{f&iﬂ Jan Feb Mar Apr Aug Sept Oct Nov Dec

Tanbdes | Jay Aug  Sept  Oct s o i I AL e ALNC) -
40 9.6 10.7 11.9 13.3 13.7 12.5 11.2 10.0 9.3
35 10.1 11.0 11.9 13.1 13.5 12.4 11.3 10.3 9.8
30 10.4 11.1 12.0 12.9 13.2 12.4 113 10.6 10.2
25 10.7 11.3 ) 704 ) B - % 13.0 12.3 11.6 10.9 10.6
20 11.0 11.5 12.0 12. 12.8 12.3 11.7 11.2 10.9
15 11.3 11.6 12.0 12.5 12.6 12.2 11.8 11.4 11.2
10 11.6 11.8 12.0 12.3 12.4 12.1 11.8 11.6 11.5
5 11.8 11.9 12.0 12.2 12.3 12.1 12.0 11.9 11.8
0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0




Table 12

Effect of Temperature f(T) on Longwave Radiation (Rnl)

T9C 0

2 4

6 8

10 12 14

163771718

209 T AL TR e 2B T ST 32T kT 3b

f(T) = 6Tk* 11.0 1.4 11.7 12.0 12.4 120% 13.1 13.5 13.8 14.2914.6 1530 15.4 915.9 1633%16.7 d7.2 17:7 18.1

Table 13 Effect of Vapour Pressure f(ed) on Longwave Radiation (Rnl)
ed mbar 6 8 10 for ey g 18, M0 Doy o ot o8eLant hags. 3ac 36l 188 | 40
fled) = 0.34 - 0.044]/e—d 0.23 e 20 2190 1B 46 .15 L1 18T 12 320 Rl W35 08 08 5 08 .07 =206

Table 14 - Effef:t of the Ratio Actual and Maximum Bright Sunshine Hours f(n/N) on Longwave Radiation (Rnl)

[ n/N O CL08 L iR SOUEENE Tl L BT 5 E5 6 EE T TN BB 9 108 1.0
fu/N) = 0.1 + 0.9n/N 0210 15 .19 .24 28" JBY 237" 242 *546 Yi5157055 SO60F B, 69 T3 .78 B82%087°7,91°466 1,01 -




Table 15

Values of Weighting Factor (W) for the Effect of Radiation on ETo at Different Temperatures and Altitudes

Temperature °C 2 4 8 10 12 SO IR TR 30 , 52 36
W at altitude m :
0 [0.43 .46 P e S O T L S .78 .80 .83
500 VAS TS AR ST 60 EROFE TN e L i 76 W79 81 .84
1000 PGS Tl e v P s VO NG 4 7 80 .82 .85
2000 | «49 .52 .58 .61 .64 o8 WIS Y w9 280 4 84 86
3000 | .52 .55 61 .64 66 o715, el T el D ool «84 .85 88




Table 16

Adjustment Factor (c) in Presented Penman Eguation

RHmax = 30% RHmax = 60% RHmax = 90%
Rs mm/day 3 6 9 12 3 6 9 12 3 6 9 12
Uday m/sec Uday/Unight = 4.0
0 .86 .90 1.00 1.00 .96 .98 1.05 105 1.02 1.06 1.10 1.10
3 079 .84 092 -97 -92 1-00 1011 1-19 -99 1-10 1-27 1-32 5
6 .68 77 .87 .93 .85 .96 L g 1.19 94 1.10 1426 1.33
9 55 .65 .78 90 .76 .88 1.02 : [ [y .88 1.01 1536 1.+27
Uday/Unight = 3.0
‘ 0 .86 .90 1.00 1.00 .96 .98 1.05 1.05 1.62 1.06 1.10 i)
3 .76 .81 .88 .94 .87 .96 1.06 Jou 112 «94 1.04 10518 1.28
6 .61 .68 .81 .88 i .88 1.02 1.10 .86 1400 1515 122
9 A .56 i 72 .82 .67 .79 .88 1.05 .78 .92 1.06 Lol
Uday/Unight = 2.0
0 .86 ; .90 1.00 1.00 .96 .98 1.05 1585 1.02 1.06 1.10 1.10
3 .69 .76 .85 .92 .83 .91 . 99% 1.05% .89 .98 155002 1.14%
6 S 261 i B4 .70 .80 .94 1.02 .79 .92 1.05 1.12
9 37 48 .65 w76 .59 .70 .84 .95 o7 .81 .96 1.06
Uday/Unight = 1.0
0 Saer Ty Liviy ianl 1igdan Bl i8de] F lem. ! iy e © MpaeTEE 408 13 408 % - Saadol bl
3 .64 o ji .82 .89 /8 .86 . Q4% . 90* .85 .92 1.01* 1.05%
6 43 .53 .68 .79 .62 .70 .84 .93 o7 A o2 .95 1.00
9 o2 41 .59 .70 .50 .60 75 57 .62 o Eesio) .96




