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Tmax + Tmin
Tmean - 2

Tmean = Mean daily temperature (°C) = duo 9! 8yl d>ys Jawwgio
Tmax = Mean daily maximum temperature (°C) = gl dagdl 8yl dys lawgio
Tmin = Mean daily minimum temperature (°C) = LWl dw gdl 8yl d>ys awgio
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16.78T — 116. 9)
T+ 237.3

e° = exp (

T = Mean air temperature (°C) = 9=l )ly=l A=y Jawwgio
e° = Saturation vapor pressure (KPa) = geidl! dl> § 5l Jarys

(e°) ariadl Hbw Jasusg (T) B)lyel Ay (o A8l A3 goidl @l (2 gl ud g

il Y Jags Jawgie

2 Jodxl (pe .slggdl Byl dmyd oo Aol uS.AJ ¢ £lgg)l Byly> dmyds L ye M\)BL_: Jass Of Lao
&Jaw‘@@by}{h Los‘es&.cd},a:z.]\ &iun lelewwgio9 Trnin 9 TrmaxJ 4bléall e° P.«.Q)Lu:-\ R
4l

_ eo(Tmax) + eo (Tmin)
oom (T

es = Mean saturation vapour pressure (kPa).
€°(Tmax)= Saturation vapour pressure at the maximum air temperature (kPa).
e°(Tmin) = Saturation vapour pressure at theminimum air temperature (kPa).
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0.657 13.0 1.498 250 3.168 37.0 6.275
1_5 0.681 13.5 1.547 255 3.263 375 6.448
2.0 0.706 14.0 1.599 260 3.361 38.0 6.625
25 0.731 14.5 1.691 265 3.462 38.9 6.806
3.0 0.758 15.0 1.705 270 3.565 39.0 6.991
3L 0.785 15.5 1.761 275 3.671 39.5 7.181
4.0 0813 16.0 1.818 280 3.780 40.0 7.376
45 0.842 16.5 1.877 285 3.891 40.5 7.574
5.0 0.872 17.0 1.938 290 4.006 41.0 T7.778
4.4 0.903 17.5 2.000 it 3] 4.123 41.5 7.986
6.0 0.935 18.0 2.064 30.0 4.243 420 8.199
6.5 0.968 18.5 2.130 305 4.366 425 8.417
7.0 1.002 19.0 2.197 31.0 4.493 43.0 8.640
7.5 1.037 (I8 2.267 31.5 4.622 435 8.867
8.0 1.073 200 2.338 320 4755 440 9.101
8.5 1.110 205 2.412 325 4.891 445 9.339
9.0 1.148 210 2.487 33.0 5.030 450 9.582
9.5 1.187 215 2.564 33.5 5173 455 9.832
100 1.228 220 2.644 340 5.319 46.0 10.086
10.5 1.270 225 2.726 345 5.469 46.5 10.347
1.0 1.313 230 2.809 35.0 5.623 47.0 10.613
1.5 1.357 235 2.896 355 5.780 475 10.885
12.0 1.403 240 2.984 36.0 5491 48.0 11.163
125 1.449 245 3.075 36.5 6.106 48.5 11.447

The slope of the saturation vapor ) A adedl Hedl lags (s Jo
(pressure curve

e i euai (I Wolaodl @yl e ckPa/C° ¢ ¢ )bedl aiS Jaip (s Jao Gl o
:‘_“;wScB_)b:& d>yng ardned!
4098 e°
(T + 237.3)2

T = Mean air temperature (°C) = s> 8)l )=l d=)o Jawgin
e° = Saturation vapor pressure (KPa)= geicll dl> § jdl laro
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T(C) A (kPa/°C) T(C) A(kPal°C) T(C) A (kPal°C)

0.047 13.0 0.098 250 0.189 37.0 0.342
1.5 0.049 13.5 0.101 25 0.194 375 0.350
20 0.050 14.0 0.104 26.0 0.199 38.0 0.358
2.5 0.052 14.5 0.107 26.5 0.204 38.5 0.367
3.0 0.054 15.0 0.110 27.0 0.209 39.0 0.375
355 0.055 15.5 0.113 275 0.215 39.5 0.384
4.0 0.057 16.0 0.116 280 0.220 40.0 0.393
45 0.059 16.5 0.119 285 0.226 405 0.402
5.0 0.061 17.0 0.123 290 0.231 41.0 0412
ak 0.063 17.5 0.126 20 0.237 41.5 0.421
6.0 0.065 18.0 0.130 300 0.243 420 0431
6.5 0.067 18.5 0.133 30.5 0.249 425 0441
7.0 0.069 19.0 0.137 31.0 0.256 43.0 0.451
7.5 0.071 19.5 0.141 31.5 0.262 435 0.461
8.0 0.073 200 0.145 320 0.269 440 0471
8.5 0.075 205 0.149 325 0.275 445 0482
9.0 0.078 21.0 0.153 33.0 0.282 45.0 0.493
15 0.080 215 0.157 S35 0.289 455 0.504
10.0 0.082 220 0.161 340 0.296 46.0 0.515
10.5 0.085 225 0.165 34.5 0.303 46.5 0.526
1.0 0.087 230 0.170 350 0.311 47.0 0.538
1.5 0.090 235 0.174 9] 0.318 475 0.550
12.0 0.092 240 0.179 36.0 0.326 48.0 0.562
12.5 0.095 245 0.184 36.5 0.334 48.5 0.574

(Actual vapour pressure) e; Jadll jloed! Lo

> Wbl 0 bl Sy - aAxliadl Digrl SLoy ¥l bl (e (€4) Jadll )l Jais ol datag
plase (3 89500 duwddl Ligby)l by Of Ly -(RH) ! digboyl by oo ol ! dlais 8y
rAJU) dolaell 389 Jrddl Hldl bais Gblue § Bale pusind 1 cdus-lall Gllasall

RHmean % eo(Tmax) + eo (Tmln)
100 2

RHmean %
100

€, =

ea = Actual vapour pressure (kPa)

e’ (Tmin) = Saturation vapour pressure at daily minimum temperature (kPa)
e° (Tmax) = Saturation vapour pressure at daily maximum temperature (kPa)
RHmean = Mean relative humidity (%)




(Vapour pressure deficit) d, ybed! laas j=e
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(Relative humidity) RH duudd! duoglo !

Bale lgie sl g el ) Jai () adll Hled! aia) o a3 g ed) Dootadl Gl (o
e 53l A B339 il s ] e o slsa)l O Lol seall Sy Bugie B S5
%1009 lola lasiion grasms Lodie duud)! digloy (g elogl) ddadll doudd) drglo Il oy 3,201 Hlddio
sl Cagny By %6100 39 a8 b (re Axudl dgh )l Bl LalS il blas adliing
el ($50 Lt Aol dogh) 8313 ) (5352 #lg)) B)ly> Aoy (2lass) OF Bg el yag clolod
Bylymdl Ay (olassy Aoyl (aBla degell Ol Ul U iy 109 cdughb I 0da (ads

gyl donald 0uglii

W1 9ol e RH duadd! dgho)l Gl oy

ea
RH = 100 —
e

RH = Relative humidity (%)
ea = Actual vapour pressure (kPa)
e’ = Saturation vapour pressure (kPa)

(Air pressure) P gl slggll lavo

QW1 gl e JUall 31 066 pluscils P esgadl slggll Jasss Jawgio Gl oS

9_
T-—a(z— zo))aaR
T-

P=P0<

L,Lnb.a.“ dudyg .yl @b.w S ghwn éjﬂ Z &LQ.:_)}" Jie kPa 8u>gs Lﬁj’d‘ LanlL P d)&é o>




Parameter

Average sea level pressure 101,325 |kPa
Gravitational acceleration 9.807 |m/s®
Molar mass of Earth's air 0.02896 |kg/mol
Standard temperature 288.15 |K
Universal gas constant 8.3143 |(N*m)/(mol*K)

1000 P
pa_ T.UR

Zdlﬂ‘}zﬁ‘ el =9 dus| Aol 5)\)2.]\ d>)o P T, Ol colb R GL”S}Q:.” banl P éus

T
T. =

" 1-0.378¢

P

(Sodl ol Pocslodl jlu kais e «elggll 8)ly> a.?).)L?ﬁTCAP

(Latent Temperature) A 5ol Al )l 3=l

e sl ) (b Wby cLatent Temperature &l 4)ly> d8lb o35 die sloll Hlu CwdSs
ij.‘z.j‘ oda daits e ;LAJ‘)L&:.) é.Ua.ﬁ: .;\}@J\ 5)!)} CJL?:).) L}.C—yj.?)’ L) BJ\J:J oD Up cﬁ)j.,o
.;Lo.]\)l.é:._: e ‘nb.c USJ 43)!)9- Sja_w ¢o. d..\.suu LI
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A=2501-2.361x1073T

(Lg% dyd) slgg)l Byly> dryd Jied T




(Psychormetric constant) y s ySud! Coldl

5_)b.> 3.>_-_).> Jos lasall gfb,af_g 4;‘9.@)‘ 5_)b.> 3.>_-).) d! ;‘3.@}‘ Lg clJl Jass M aual Al OS A=
:JWI g2l e (§ g Siud! ol Ol o3 83uxe
Pcp

Y= A€

= Specific heat at constant pressure = 1.013 x 10 MJ/kg per °C
P = Atmospheric pressure (kPa)
& = Ratio molecular weight of water vapour/dry air = 0.622
A = Latent heat vaporization = 2.45 MJ/kg (at 20°C)
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I R T I

0.067 1000 0.060 2000 0.053 3000 0.047
100 0.067 1100 0.059 2100 0.052 3100 0.046
200 0.066 1200 0.058 2200 0.052 3200 0.046
300 0.065 1300 0.058 2300 0.051 3300 0.045
400 0.064 1400 0.057 2400 0.051 3400 0.045
500 0.064 1500 0.056 2500 0.050 3500 0.044
600 0.063 1600 0.056 2600 0.049 3600 0.043
700 0.062 1700 0.055 2700 0.049 3700 0.043
800 0.061 1800 0.054 2800 0.048 3800 0.042
900 0.061 1900 0.054 2900 0.047 3900 0.042
1000 0.060 2000 0.053 3000 0.047 4000 0.041

(Mixing ratio) r (slg¢)! a0 skl ylsw) Jalsell ded

Al (29 by zrmay (I Bl elggdl e g B9 (3 lgawog DU slall o dusS oy Blue (29
By B i € 0555 ok g cBylyondl Ay e (§ (Lol gl A8 By J) ol sl AS) Lpkay
utb Ll duwd Q‘gﬁ P Lasll Q_;L“’l Jl

m, e
r= ~ 0.622 —
m, P

hase u.é\.ze.l\;b.@)\&lis@ machoJULée.)a.lfisu{bmvu\}@J\&A;w\)&gde&r%}
L§3—"LH i)l P cc-l.oJ\_)LéL)




(Dew point temperature) Ty 4! (95 8)ly> daryd

@ le S Jox 0 szle clagdl ladie zuang celadl jlen lagiin g2l ladie 1650 (1 Byl dys (2
ool @yl i IS e Lplus oSy Lsladl Hlod CaiSS g ladie Tuud slo Lo (e
olus %9 Bale CassS! Gdow (Gl dlads 8yly> dyd Wi o Jadl 8yl =l wlidiog ORI 8y

QUJS@JSJJ\ 5)\_)9-

_— 116.91 + 237.3 In(e)
4= 16.78 — In(e)

sl )bw bip e (Ul 0SS Bl (2 Ty Cu

(Radiation) R g§laiy!
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Net Radiation (R,) $ual! glaie)l

Wl g2l O Al i dd] doola)) drumaidl et o 8BS Gl (29 868 Sy
dalg &3 dpndl) pated Lok sbadll J) 8ale wlelaadl odo 0 %30 oo Oy Lo (uSabsg
Aoy J5iSd1g laxsally Caseud)
QLo -(Rn) Usamall maw e 3lall glasdl 5o 53l Gl @Yslaa) Gyl Al di
Asglall Wlrgall Blall glaiYly (Rps) Smad)l Olrgall Glall glasdl ou Gyl 5o glas)l
1AL Doslaed! 339 (Rpy) deaSiaioll

Ry, = Rys — Ry

Rn = Net radiation (MJ/m? per day)
Rns = Net incoming shortwave radiation (MJ/m? per day)
Rn = Net outgoing longwave radiation (MJ/m? per day)
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Degree Jan Feb Mar Apr May Jun Jul Aug Sept Oct MNov Dec

0 0.0 26 104 230 5.2 425 394 28.0 14.9 4.9 01 0.0
68 0.1 AT 17 238 53 4210 339 28.6 16.1 6.0 0.7 0.0
il 0.6 4.8 129 248 356 414 388 283 173 72 1.5 01
G4 14 5.9 141 258 359 412 388 30.0 18.4 8.3 24 0.6
62 23 71 154 266 363 412 380 306 18.5 9.7 34 12
60 33 8.3 16.6 275 36.6 412 392 33 206 10.9 4.4 22
4.3 9.6 177 234 7.0 41.3 394 320 217 121 2.3 31
54 10.8 18.9 292 T4 414 9.6 326 27 133 6.7 42
6.3 12.0 200 300 7.8 41.5 398 332 237 14.5 7.8 a2
77 13.2 211 303 382 41.6 401 J3a 247 157 9.0 6.4
3.9 14.4 x22 335 8.5 4.7 402 44 2.7 169 102 Ta
101 157 233 322 38.8 41.8 404 4.9 26.6 18.1 11.4 L
11.3 16.9 243 328 251 419 406 354 275 192 126 9.9
125 18.0 253 335 293 419 407 359 254 203 139 111
13.8 19.2 263 341 9.5 419 403 36.3 292 214 151 12.4
15.0 20.4 272 4.7 297 419 403 36T 30.0 25 163 13.6
16.2 215 281 352 299 41.8 403 370 307 236 175 14.8
17.5 226 20 5.7 40.0 41.7 403 T4 I35 246 187 16.1
18.7 237 299 361 40.0 416 403 T 321 256 199 173
139 24 8 .7 365 40.0 414 407 379 J2a 266 211 18.5
211 238 34 368 40.0 412 406 38.0 334 276 222 18.8
223 26.8 322 71 40.0 40.9 404 382 339 285 233 210
234 27.8 328 374 299 40.6 402 383 M5 293 245 x22
248 28.8 335 376 287 403 398 383 M9 302 255 233
237 297 A 378 9.5 40.0 9.6 364 354 3.0 266
26.8 30.6 M7 379 293 9.5 392 383 Jo8 M8 2T 256
279 M5 2 380 29.0 391 339 382 36.1 325 287 26.8
289 323 5.7 381 3BT 8.6 385 38.1 364 B2 296 27a
299 231 361 381 354 381 381 38.0 367 339 306
309 338 36.5 380 38.0 376 76 T 369 M3 35 0.0
9 3435 369 379 76 370 71 375 T b1 324
328 5.2 372 378 v 363 365 372 Ir2 56 333 320
33T 358 374 76 36.6 35T 358 369 T3 |1 M 329
346 36.4 76 374 36.0 35.0 352 JI6.5 T3 6 M9 138
354 37.a b T BT | 354 4.2 M6 36.1 T3 3r0 356 MHE
36.2 s 378 368 348 334 338 357 T2 T4 363 35.6
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Degree Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

70 414 286 15.8 49 02 0.0 0.0 22 10.7 235 373 453
68 410 293 16.9 6.0 0.8 0.0 0.0 3.2 19 244 374 447
66 409 30.0 18.1 7.2 15 0.1 0.5 42 311 254 376 441
64 410 308 193 8.4 24 0.6 1.2 53 144 263 380 439
62 412 315 204 9.6 34 1.2 2.0 6.4 155 272 383 439
60 415 323 215 108 X 20 29 7.6 16.7 281 387 439
58 417 33.0 226 120 55 29 3.9 8.7 178 289 391 440
56 420 33.7 236 132 6.6 39 49 99 19.0 298 395 441
54 422 343 2486 144 77 49 6.0 11 201 306 399 443
52 425 35.0 256 156 88 6.0 71 122 212 314 402 444
S0 427 356 26.6 16.7 100 71 82 134 222 321 406 445
48 429 36.2 275 179 111 8.2 9.3 146 233 328 409 445
46 430 36.7 284 19.0 123 93 104 157 243 335 411 446
s 432 37.2 293 201 135 105 1.6 16.8 252 341 414 446
42 433 377 30.1 212 1486 116 128 18.0 26.2 347 416 446
40 434 381 309 223 158 128 139 191 271 353 418 446
38 434 385 317 233 16.9 139 151 20.2 280 358 419 445
36 434 389 324 181 151 16.2 212 288 363 420 444
34 434 39.2 33.0 19.2 16.2 174 23 296 367 420 443
32 433 394 337 > 203 174 185 233 304 371 420 441
30 431 396 343 214 18.5 196 243 311 375 420 439
28 430 398 348 225 19.7 207 253 318 378 419 436
26 4238 39.9 353 o 235 208 218 263 325 380 418 433
24 425 400 358 § 246 219 29 272 331 383 417 430
22 422 401 36.2 £ 256 230 240 28.1 33.7 384 414 4286
20 419 400 36.6 266 241 250 289 342 386 412 421
18 415 400 37.0 276 251 26.0 29.8 347 387 409 417
16 411 399 37.2 285 262 270 30.6 35.2 387 406 412
14 406 39.7 375 4 294 272 279 313 35.6 387 402 4086
12 401 396 377 : 302 289 321 36.0 386 398 400
10 395 383 378 ! 311 291 298 328 36.3 385 393 394
8 389 39.0 379 2 319 300 30.7 334 36.6 384 388 38.7

38.3 38.7 38.0 4 327 309 340 36.8 382 382 38.0

376 383 38.0 - 334 346 37.0 380 376 372

369 379 38.0 i 341 2 352 371 377 370 364

36.2 375 379 X 348 . A 35.7 372 374 363 356
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n
R, = [0.25+O.5N]Ra

Rs = Solar or shortwave radiation (MJ/m? per day)
n = Actual sunshine hours (hour)
N = Maximum possible duration of sunshine hours or daylight hours (hour)

n . . .
v = Relative sunshine duration

Ra = Extraterrestrial radiation (MJ/m? per day)
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Aug Sept Oct  HNov Dec

176
17.0
16.4
16.0
15.7
15.3
151
14.8
14.6
144
14.3
141
14.0
13.8
13.7
136
135
134
133
132
131
130
129
128
128
127
126
125
125
124
123
123
122
121
121
12.0

12.8
127
127
126
126
125
125
12.4
12.4
12.4
123
123
123
123
123
122
122
122
122
122
122
122
121
121
121
121
121
121
121
121
121
120
120
120
120
12.0

8.3

8.7

9.0

93

95

ar

99

101
10.2
10.3
10.4
10.6
10.7
10.7
10.8
10.9
11.0
111
111

112
11.3
11.3
114
114
11.5
11.5
11.6
11.6
1.7
1.7
11.8
11.8
119
119
12.0
12.0

23
41
22
6.0
6.6
71
[
[4:)
82
85

0.0
00
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48
26
62
6.7
71
[
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82
85
a7
9.0
92
94
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(Net solar or shortwave radiation) Rps (d&dUall 8 paill il g0ll) adill §lal}! Sk

(uSaially 3lgl (guaddl ElasYl cry 3yall (po dntedl &Sl (2 ALl Buadll ilrgall o queddl glasl JLo
L?b WS dolaw> @09

R,s = 0.77 R,

Rns = Net solar or shortwave radiation (MJ/m? per day)
Rs = Incoming solar or shortwave radiation (MJ/m? per day)

Clear sky radiation (Ro) 4dball slewdl glai|

Eohrw wlelw (G9lud podl wilelw) N = N b &l 3ot ledie (Rso) Adball slowad! flais] Ol @i
dolrall dlawlgr Rso Gl @iy dbglall Wlrgall glai] Jlo luse) digllas dogdll 0ds o pueid!
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Rso = Clear sky solar radiation (MJ/m? per day)
z = Station elevation above sea level (m)
Ra = Extraterrestrial radiation (MJ/m? per day)
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Rn = Net outgoing longwave radiation MJ/m? per day)

o = Stefan-Boltmann constant (4.903 x10-° MJ/K* per m? per day)
Tmax, K= Maximum absolute temperature during the 24-hour period (K)
Tmin, K= Minimum absolute temperature during the 24-hour period (K)
K=°C+273.16

ea = Actual vapour pressure (kPa)

Rs/Rso = Relative shortwave radiation (limited < 1)

Rs = Measured or calculated solar radiation (MJ/m? per day)

Rso = Calculated clear sky radiation (MJ/m? per day)
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With o = 4.903 x 10 MJ/K4m2/day and Ty = T + 273.16
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FAO PENMAN-MONTEITH EQUATION: CALCULATIONS
AND OPTIONS FOR SUBSTITUTIONS FOR MISSING DATA

The FAO Penman-Monteith equation allows for data that is missing to be
estimated or calculated using other available data. In some cases there is more
than one option of how to calculate or estimate the missing data. This section
describes all the options available. Appendix B focuses on the calculations
required to calculate ET, using only temperature data.

Summarized from “Crop evapotranspiration, Guidelines for computing crop water
requirements” (FAO paper 56, 1998)

0408A (R, -G)+y [ 200 j u, (VPD)
T+273
ET, =
A+y (1+0.34u,)
Where:
ET, = daily reference ET [mm/d], for longer periods 900 becomes 37
T = air temperature at 2 m high [°C]
VPD = vapor pressure deficit [kPa]
u, =wind speed at 2 m high [m/s] =2 m/s
R, = net radiation at the crop surface [MJ m™ d]
A = slope vapour pressure curve [kPa °C™']
Y = psychometric constant [kPa °C™]
G = soil heat flux density [MJ m™ d']

TEMPERATURE, T

The mean of the maximum and the minimum recorded temperatures.

T — (Tmin +Tmax j
2

Where
Tmax = maximum temperature [°C]
Tmin = minimum temperature [°C]

Adjust temperatures of non-reference climate station, where T, is available
Climate stations used to make observations for reference ET, should be surrounded by a
well watered crop. As this is not the case with most climate stations in BC. Therefore, the
temperatures should be adjusted using the dew point temperature and a correction factor,
K. K, will be 2 °C for all stations since the temperatures will be taken from a non-
reference station.
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(Tmax )cor = (Tmax )obs - (%j
(Tmin )cor = (Tmin ) obs (%j
Where:
K,=2°C if the non-reference station is not compared to a reference station
AT = Tmin - Tdew
K,=0°C if AT is calculated using reference station data
AT = (Tmin - Tdew)n/ref - (Tmin - Tdew)ref
Tmin = minimum daily temperature [°C]
Tmax = maximum daily temperature [°C]
Tiew = dew point temperature [°C]
cor = corrected value
obs = observed value

VAPOUR PRESSURE DEFICIT, VPD [kPa]
VPD = (e, -¢,)

e; =0.6108 exp(ﬂj

T+2373

SATURATED VAPOUR PRESSURE, € [kPa]

Saturated vapour pressure is given by

however, when calculating for 24 hour time periods minimum and maximum daily
temperatures should be used:

€r.0 e

e — max min )

S 2
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Where:
17277,
e,  =0.6108 exp | ———min_
(Toi) P (Tmm + 237.3)
17277
e , =0.6108 exp| ———mx_
(o) P (Tmax ¥ 237.3}

Actual vapour pressure where Tdew is available, ea [kPa]

17.27T,

dew
T +237.3)

dew

e, =0.6108 exp[

Actual vapour pressure where RH is available, ea [kPa]

e = RHmean e(Tmax) +e(Tmin)
100 2

Where:
RHyean = mean relative humidity [%]

Actual vapour pressure where only Tmin is available, e, [kPa]

The equation assumes that the dew point temperature (Tqew) is near the
minimum temperature (Tmin). This assumes that at sunrise when the air is
close to Tmin, the air is nearly saturated with water vapour and relative
humidity is near 100%.

This assumption holds for locations where the cover crop is well watered.

For arid regions the air may not be saturated when the temperature is Tmin.
Subtracting 2 to 3 °C from Tmin would better approximate the value used
for Tmin in the equation. Replace Tgew With (Tmin- Ko).

e, =0.6108 exp | /27 Tuin ~Ko)
i — Ko )+237.3
Where:
K,=0°C for humid and sub-humid climates
K,=2°C for arid and semi-arid climates.
WIND SPEED

Where wind speed data is available, u, [m/s]
Meteorological anemometers record information at 10m from the ground surface.
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U -y 4.87
2 Y In(67.8 y—5.42)

Agrometerological anemometers are located 2-3 m above the ground. The wind
information can be adjusted if the height of the instrument is known. (FAO, p55-56)

Where:

y = height of instrument above ground [m]

u, =measured wind speed at y meters above ground level [m s™']
u, = wind speed at 2 m above ground [m s™]

Where wind speed data is not available, u, [m/s]
Where wind data in not available, use a value that is greater than or equal to 0.5 m/s in the
ET, equation.

The average worldwide value used as a temporary estimate is 2 m/s.

NET RADIATION, RN [MJ M2 p "]
Rn = Rns - RnI

Where:
Rys = net solar radiation [MJ m™ d'l]
Ry =net long wave radiation [MJ m> d'l]

Net solar radiation, R, [MJ m™> d'l]

Rns = (1 - CZ) Rs

Where:

R, =solar radiation [MJ m? d'], see section below

o = albedo or canopy reflection coefficient which is 0.23 for the hypothetical

reference crop.

Solar Radiation if sunshine hours, n, is not available, R, [MJ m? d™'] (p60)

Because the amount of radiation reaching the earth is reflected in the
minimum and maximum temperatures the following equation can be use to
estimate solar radiation. It is not appropriate to import radiation data from other
stations because to the difference in exposures due to the mountainous and
coastal areas.

For island conditions using only temperature to estimate Rs is not appropriate due to the
effects of the surrounding water body.

RS = KRS (T Tmin) Ra

max
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Where:
R, = Solar radiation [MJ m?d'],
R, = extraterrestrial radiation [MJ m™ d"'], see section below

Krs = 0.16 for interior locations
Krs =0.19 for coastal locations

Solar Radiation if sunshine hours. n, is available, R, [MJ m? d'1] (p50)
n
R, = (0.25 +0.50 Wj Ra

Where:

n = sunshine hours recorded [hour]

R, = extra terrestrial radiation, [MJ m? d"']

N  =available duration of sunshine hours [hour]

There are lookup tables referenced by month and degrees latitude (FAO 1998,

p220) to determine N. Interpolation of the table is required.

Or calculate:

24

N =—a,
T
Where:
®s = sunset hour angle, see below for complete calculation [rad]
R, = extra terrestrial radiation, [MJ m? d']

Extra terrestrial radiation, R, [MJ m? d]

Use lookup table referenced by month and degrees latitude (FAO 1998p219),

to determine extraterrestrial. Interpolation of the table is required.

Or calculate:
R — 24 x 60

a

G, d, [605 sin(@)sin(0) + cos(@)cos(o) sin(a)s)]
V4

Where:
Gy =0.082 [MJ m min’l], solar constant
d, = inverse relative distance Earth-Sun

d, =1+0.033 cos[z—ﬂ Jj
365

®s = sunset hour angle [rad]

@, = arccos [— tan(o) tan(5)]
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[0} = latitude [rad]
Vs

rad) =——lat(°

p(rad) ™ )

o = solar declination [rad]

5=0.409 sin(z—” J —1.39)
365

J = Julian day

J =int {275 (%)—30+ D}—2

Where:
M = month
D = day

(note: 24 X 60 X Gy/3.14 = 37.6)
(note: 2 X 3.14/365 = 0.0172)

Clear Sky Solar Radiation, Ry, [MJ m™? d”'|

R, =[0.75+2x107 z]R,

Where:
z = elevation of climate station above sea level [m]

Net longwave radiation, R, [MJ m’ d’

4 4
R, = o (s +273.16) ;Umm+273'16) (0.34—0.14\/5)[1.35§—0.35}

SO

Where all variables are calculated above or known.
6 =4.903x10”° MJK *m~day’

SLOPE VAPOUR PRESSURE CURVE, A [KPA °C™"]
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0.6108 exp (%)
A =4098 o0
(T +237.13)
Where:

T = mean temperature, [°C]

PSYCHOMETRIC CONSTANT, v [kPa/°C]

7=0.665x10" P

Where:
P = atmospheric pressure, [kPa]
293-0.0065z )
293

P:101.3(

Where:
z = elevation above sea level, [m]

SOIL HEAT FLUX DENSITY , G

Ignored for daily calculations
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PROCEDURE FOR CALCULATING ET, USING FAO PENMAN-
MONTEITH WITH ONLY MINIMUM AND MAXIMUM TEMPERATURE

DATA REQUIRED:

Elevation, metres [m]

Latitude, degrees [°]

Minimum Temperature, degree Celsius [°C]
Maximum Temperature, degree Celsius [°C]
Classification as Coastal or Interior
Classification as Arid of Humid

Julian day

DATA ASSUMED OR CONSTANTS:

Wind speed 2 m/s
Albedo or canopy reflection coefficient, o 0.23
Solar constant, G 0.082 MJ?min"!
Interior and Coastal coefficients, Kg 0.16 for interior locations
0.19 for coastal locations
Humid and arid region coefficients, K, 0 °C for humid / sub-humid climates

2 °C for arid / semi-arid climates

PROCEDURE:

1. Calculate mean air temperature, T [°C]
T — (Tmin +Tmax j
2

2. Calculate actual vapour pressure, e, [kPa]
Use minimum temperature and adjustment factor depending on climate
classification humid or semi-arid.

17.27 (T, —K,)
T, —K,)+237.3

e, =0.6108 exp [

where:
K, = 0 °C for humid and sub-humid climates
K, =2 °C for arid and semi-arid climates

Stations are classified as coastal and interior, interior stations are considered semi-arid,
while coastal stations are considered to be humid.
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Calculate saturated vapour pressure for Tiax, €Tu [KPa]

1727 T, }

er, =0.6108 ex
(o) p[TmaX +2373

Calculate saturated vapour pressure for Tiin, €Tmn) [KPa]

17277, }

eq ,=0.6108 exp| = Tmn_
) P {Tmm 12373

Calculate saturated vapour pressure, e [kPa]

o = Eemm) e j
S 2

where:
€(Tmax) = Step 3
€(Twmny = Step 4
Calculate inverse relative distance Earth-Sun, d; [rad]

d, =1+0.033 cos [2—” Jj
365

where:
J = Julian day

Convert latitude to radians, ¢ [rad]

T [e]
p(rad) = 120 lat(®)

where:
lat = latitude of station in degrees

Calculate solar declination, 4 [rad]
5=0.409sin [ 2% 3 -1.39
365

where:
J = Julian day
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9. Calculate sunset hour angle, s [rad]
@, = arccos [— tan(p) tan(é)]

where:
d=Step 7
¢ =Step 8

10. Calculate extraterrestrial radiation, R, [MJm™ day™']

R, = 2460 G, d, [a)s sin() sin(d) + cos(@) cos(0) sin(a)s)]
V2
where:
d; =Step 6
¢ =Step7
O =Step 8
®s =Step 9

Gy = solar constant = 0.082 MJm™ min!

11. Calculate clear sky solar radiation, Ry, [MJm™ day™]
Ry, =(0.75+2x1072)R,

where:
Z = clevation of climate station above sea level [m]
R, = Step 10

12. Calculate solar radiation, R, [MJm™ day™]
Use adjustment factor Ky depending on station location, coastal or interior

RS = KRS V a-max _Tmin) Ra

where:
Kgs = 0.16 for interior locations
Kgs = 0.19 for coastal locations

13. Calculate net longwave radiation, Ry [MJm’2 day'l]

4 4
Rnl . (TmaX+273.16) ;(Tmin‘f‘273-16) (034_014\/5) [135 RRS _035J

SO

where:
e, =Step 2
Ry =Step 12
Ryo=Step 11

6 =4.903 x 10° MJK*m?day’
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14. Calculate net solar radiation, R [MJm'2 day'l]

Re=0-a)R
where:
Ry = Step 12
o =023

15. Calculate net radiation, R, [MJm™? day™']

Rn = Rns - Rnl
where:
Rys = Step 14
Ry = Step 13

16. Calculate slope vapour pressure, A [kPa °C™']

17.27T
T +237.3
(T +237.3)

2504 exp(
A=

17. Calculate atmospheric pressure, P [kPa]

5.26
P_1013 [293 —0.0065 ZJ

293

where:
z = elevation above sea level [m]

18. Calculate psychometric constant, y [kPa °C™']
y=0.665x10"P
where:

P =Step 17

19. Calculate evapotranspiration, ET,

900 ju (e —e)
2 \%s 7 Ta

ET, = T+273
A+y (1+0.34u,)

0.408 AR+ (




Page 12 of 12

PROCEDURE FOR CALCULATING ETO USING FAO PENMAN-
MONTEITH WITH MINIMUM AND MAXIMUM TEMPERATURE AND
SUNSHINE HOURS

DATA REQUIRED:

Elevation, metres [m]

Latitude, degrees [°]

Minimum Temperature, degree Celsius [°C]
Maximum Temperature, degree Celsius [°C]
Sunshine hours, hour [hr]

Classification as Coastal or Interior
Classification as Arid of Humid

Julian day

DATA ASSUMED OR CONSTANTS:

Wind Speed 2 m/s

Albedo or canopy reflection coefficient, o 0.23

Solar constant, Gy 0.082 MJ?min™!

Humid and arid region coefficients, K, 0 °C for humid / sub-humid climates

2 °C for arid / semi-arid climates

Use the Same Procedure as out lined for Calculating ET using only temperature data. Step 12,
the calculation of solar radiation, with the following calculation.

12. Calculate solar radiation, R, [MJm™ day™]

R, = (0.25 T 0.50%} R,

Where:

n = sunshine hours recorded [hour]

R, = extra terrestrial radiation, [MJ m? d']

N  =available duration of sunshine hours [hour]

There are lookup tables referenced by month and degrees latitude (FAO 1998,
p220) to determine N. Interpolation of the table is required.

Or calculate:

24
N = —x o,
T
Where:
®s = sunset hour angle, see below for complete calculation [rad]

R, = extra terrestrial radiation, [MJ m? d']
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