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1- Reference crop evapotranspiration

2- Crop evapotranspiration under standard conditions
3- Canopy

4- Capillary rise
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1- Leaf Area Index ( LAI)
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1- Latent heat of vaporization(A)
2- Latent heat flux (LET)
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1- Microclimate
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1- Missing climatic parameters
2- Agro climatic regions
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1- Eddies

2- Momentum

3- Steady state

4- Bowen ratio

5- Eddy covariance
6- Surface runoff
7- Deep percolation
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1- World Meteorological Organization
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2- Thermistors

4- Termocouples

4- Thermographs
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1- Hygrometers

2- Capacitance plate

3- Wet bulb derpression
4- Dewpoint Meters

5- Hygrothermograph
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1- Initial stage

2- Crop development stage
3- Mid-season stage

4- Late season stage
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(Everson¢ D.O., M. Faubion and D.E. Amos. 1978. "Freezing temperatures and growing seasons in
Idaho.” Univ. Idaho Agric. Exp. Station bulletin 494. 18 p.)
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(Kruse, E.G. and H.R. Haise, 1974. "Water use by native grasses in high altitude Colorado meadows."
USDA Agric. Res. Service« Western Region report ARS-W-6-1974. 60 pages)
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FAO Irrigation and Drainage Paper 24 (Doorenbos and Pruitt, 1977), Table 22.
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1- Phenological

2- Genotype

3- Dormancy

4- Remote sensing
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100 100.1 1100 89.0 2100 78.8 3100 69.6
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550 95.0 1550 84.3 2550 74.6 3550 65.8
600 944 1600 83.8 2600 74.1 3600 65.4
650 93.8 1650 83.3 2650 73.7 3650 65.0
700 93.3 1700 82.8 2700 73.2 3700 64.6
750 92.7 1750 82.3 2750 72.7 3750 64.1
800 92.2 1800 81.8 2800 72.3 3800 63.7
850 91.6 1850 81.3 2850 71.8 3850 63.3
900 91.1 1900 80.8 2900 714 3900 62.9
950 90.6 1950 80.3 2950 71.0 3950 62.5
1000 90.0 2000 79.8 3000 70.5 4000 62.1
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(OWLS 55 390 OT douulas Joall ) siuns) GLALS 5,3 - s

e Pl 5o (Gusaealis 4o 50 53 JELl S a5 Y) o0 9ol i 1ee —Y-Y Jua

(e on 2 Z) ey o VL

YFY

Cpp -3
y =2 = 0.665x10°P A ot
el

Z Y z Y Z Y z Y
(m) kPa/°C (m) kPa/°C (m) kPa/°C (m) kPa/°C

0 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

o sealin 453 Yo 5o 8 SIS o 55K A =Y/¥0 ol
paddie slas 5o (YKLl sl G 53 €% (T)) plodl Hlas HLas Y=Y Jsua
(ool da 0 s T
e°(T)=0.6108exp 72T (\\ 4olas)
T+237.3

T €s T e%(T) T e%(T) T €s
°C kPa °C kPa °C kPa °C kPa
1.0 0.657 13.0 1.498 25.0 3.168 37.0 6.275
15 0.681 135 1.547 25.5 3.263 37.5 6.448
2.0 0.706 14.0 1.599 26.0 3.361 38.0 6.625
2.5 0.731 14.5 1.651 26.5 3.462 38.5 6.806
3.0 0.758 15.0 1.705 27.0 3.565 39.0 6.991
35 0.785 15.5 1.761 27.5 3.671 39.5 7.181
4.0 0.813 16.0 1.818 28.0 3.780 40.0 7.376
4.5 0.842 16.5 1.877 28.5 3.891 40.5 7.574
5.0 0.872 17.0 1.938 29.0 4.006 41.0 7.778
55 0.903 17.5 2.000 29.5 4.123 41.5 7.986
6.0 0.935 18.0 2.064 30.0 4.243 42.0 8.199
6.5 0.968 18.5 2.130 30.5 4.366 42.5 8.417
7.0 1.002 19.0 2.197 31.0 4.493 43.0 8.640
7.5 1.037 19.5 2.267 31.5 4.622 43.5 8.867
8.0 1.073 20.0 2.338 32.0 4.755 44.0 9.101
8.5 1.110 20.5 2412 32.5 4.891 44.5 9.339
9.0 1.148 21.0 2.487 33.0 5.030 45.0 9.582
9.5 1.187 21.5 2.564 335 5.173 45.5 9.832
10.0 1.228 22.0 2.644 34.0 5.319 46.0 10.086
10.5 1.270 22.5 2.726 34.5 5.469 46.5 10.347
11.0 1.313 23.0 2.809 35.0 5.623 47.0 10.613
11.5 1.357 235 2.896 35.5 5.780 47.5 10.885
12.0 1.403 24.0 2.984 36.0 5.941 48.0 11.163
12.5 1.449 24.5 3.075 36.5 6.106 48.5 11.447
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Y£0 Ol 28a3 5 ol (Lo S

2 JELl S a3 A) Sl HLad Jade ki =Y Joaa

(u.uJ:\.a.uL.u‘LAJdu.a.ua‘).sT) MGL&JJJ(WJ&J—M—L—MQ.&JJ

4098 0.6108 exp(mrj
T+237.3

(T +237.3)

T A T A T A T A
°C | kPa/°C °C kPa/°C °C kPa/°C °C kPa/°C
1.0 | 0.047 13.0 | 0.098 | 25.0 | 0.189 37.0 0.342
1.5 | 0.049 135 | 0.101 | 255 | 0.194 37.5 0.350
2.0 | 0.050 140 | 0.104 | 26.0 | 0.199 38.0 0.358
2.5 | 0.052 145 | 0.107 | 265 | 0.204 38.5 0.367
3.0 | 0.054 150 | 0.110 | 27.0 | 0.209 39.0 0.375
3.5 | 0.055 155 | 0.113 | 275 | 0.215 39.5 0.384
4.0 | 0.057 16.0 | 0.116 | 28.0 | 0.220 | 40.0 0.393
45 | 0.059 165 | 0.119 | 285 | 0.226 | 405 0.402
5.0 | 0.061 170 | 0123 | 29.0 | 0.231 41.0 0.412
5.5 | 0.063 175 | 0.126 | 295 | 0.237 41.5 0.421
6.0 | 0.065 18.0 | 0.130 | 30.0 | 0.243 | 42.0 0.431
6.5 | 0.067 185 | 0.133 | 30.5 | 0.249 42.5 0.441
7.0 | 0.069 190 | 0.137 | 310 | 0.256 | 43.0 0.451
7.5 | 0.071 195 | 0.141 | 315 | 0.262 43.5 0.461
8.0 | 0.073 200 | 0.145 | 32.0 | 0.269 44.0 0.471
8.5 | 0.075 205 | 0149 | 325 | 0.275 | 445 0.482
9.0 | 0.078 21.0 | 0.153 | 33.0 | 0.282 45.0 0.493
9.5 | 0.080 215 | 0.157 | 335 | 0.289 45.5 0.504
10.0 | 0.082 220 | 0.161 | 34.0 | 0.296 | 46.0 0.515
10.5 | 0.085 225 | 0165 | 345 | 0303 | 465 0.526
11.0 | 0.087 230 | 0.170 | 35.0 | 0.311 47.0 0.538
11.5 | 0.090 235 | 0174 | 355 | 0318 | 475 0.550
12.0 | 0.092 240 | 0179 | 36.0 | 0.326 | 48.0 0.562
12.5 | 0.095 245 | 0.184 | 36,5 | 0.334 | 485 0.574

A=

(VY adolas)
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(OLLS 5 s jee o dalas Jaall ) siens) GLS 325 - pas \l<4

(J) Jlw 3 55 solat =0-Y Jaa

day | January | February | March* April* May* June*
1 1 32 60 91 121 152
2 2 33 61 92 122 153
3 3 34 62 93 123 154
4 4 35 63 94 124 155
5 5 36 64 95 125 156
6 6 37 65 96 126 157
7 7 38 66 97 127 158
8 8 39 67 98 128 159
9 9 40 68 99 129 160
10 10 41 69 100 130 161
11 11 42 70 101 131 162
12 12 43 71 102 132 163
13 13 44 72 103 133 164
14 14 45 73 104 134 165
15 15 46 74 105 135 166
16 16 47 75 106 136 167
17 17 48 76 107 137 168
18 18 49 77 108 138 169
19 19 50 78 109 139 170
20 20 51 79 110 140 171
21 21 52 80 111 141 172
22 22 53 81 112 142 173
23 23 54 82 113 143 174
24 24 55 83 114 144 175
25 25 56 84 115 145 176
26 26 57 85 116 146 177
27 27 58 86 117 147 178
28 28 59 87 118 148 179
29 29 (60) 88 119 149 180
30 30 - 89 120 150 181
31 31 - 90 - 151 -

Pk dlal 5, S S Jlo gl o

e Gaaal 5a el 51 (M) sle 51(D) 555 52 sl J
M
)= INTEGER(275x--30+ D) -2
J=J+2 iom i M <y S
J=J+1 om 2ELM>Y 5l Jl K1 inan
4\94.74&04-:\“‘.;-0 A IR R (D) (SLA:)JJ(S‘J:‘ J‘AJJJQA‘SLAAJJJJJ

1 e oo (et 5 el Sl e ke 4 ole et S5 s1oe ) lale slas,ga o
J=INTEGER (30.4 M-15)
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day July* August* | September* | October* | November* | December*
1 182 213 244 274 305 335
2 183 214 245 275 306 336
3 184 215 246 276 307 337
4 185 216 247 277 308 338
5 186 217 248 278 309 339
6 187 218 249 279 310 340
7 188 219 250 280 311 341
8 189 220 251 281 312 342
9 190 221 252 282 313 343
10 191 222 253 283 314 344
11 192 223 254 284 315 345
12 193 224 255 285 316 346
13 194 225 256 286 317 347
14 195 226 257 287 318 348
15 196 227 258 288 319 349
16 197 228 259 289 320 350
17 198 229 260 290 321 351
18 199 230 261 291 322 352
19 200 231 262 292 323 353
20 201 232 263 293 324 354
21 202 233 264 294 325 355
22 203 234 265 295 326 356
23 204 235 266 296 327 357
24 205 236 267 297 328 358
25 206 237 268 298 329 359
26 207 238 269 299 330 360
27 208 239 270 300 331 361
28 209 240 271 301 332 362
29 210 241 272 302 333 363
30 211 242 273 303 334 364
31 212 243 - 304 - 365

s 8Ll 55 S e Jlo 6150 *
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T dealas Jaall; sics)

SN

J

(FIRS

O

(

“ala 3 g paedaiiby o mglite olilae wlasa e sl (Ra) <lhg, il Guli-F-7 Jen

R HE@EGRF#F sin{ip)sin(8) 4 cos(micos(Bisinfem )] (¥1 alatas)
m

e e B .

“lorhern Hemisphers Lat. Southem Lemisphay

Feb | Tun | Julv | Aug Oct | Wov [ Dee Dt [™ un WMar | Apr | Mev [ Jum July | Aug Ol | Hov

26 | 425 | 394 | 280 49 | 01 | &0 M| 414 158 | 48 uz | ob | b | 22 235 | 373

3T | 420 | 389 | 286 G | 0T | G0 68 | 410 165 [ & wy | o0 | 0n | | 374

4.3 [P EEREE 15 | ol 66 | 204 R N s I7E

5.9 072 | 3eE | 00 34 | 06 61| 4LD 193 | =4 & | A I2 EFT

A 412 | 390 | A R 62| 41 IF T 34 | 12 | 24 353

3 IR L 44 | 23 o | 415 215 | 1ok | 44 4 g7

0.6 1.3 384 | 32 E Y 58| 4.7 2246 | 120 | 5.5 3.9 0

0. & 414 | 3a | 36 67 | 42 T | 410 56 (32 b 41 WA

120 415 [ 308 | 332 78 | 53 | 433 HAE [ 144 | T & 399

131 406 | 40l | 338 : a0 | 64 425 254 | loh | BB 7.1 an2

FE! 317 | 402 | 344 | 357 02 | 7A 427 64 | 6.7 | LD [ 121 | 40

157! ALE | and4 | 349 | X6 4 | &7 42.4 7.8 | 179 | 111 63 A | 400

6.0 a1e | e | 154 | 118 iZs | 9.9 3 43 g4 | 100 | 123 1.4 RN

THA Ay | 7 | 359 | 234 35 | 111 44 £32 ol | 135 [ M1 414 | He

19.2 19 | 408 [ 363 [ 792 51 | 124 [ 42 | 43 213 [ 1da 12K 347 | 416 | HE

0.4 A9 | anE | 367 [ 300 62 | 136 | 40 | 434 233 | 158 1158 354 | 418 | 446 |

35| A0 | 408 | 370 [ M7 175 [ 145 | 38 | 434 233 | 160 5 355 | 419 | 445

234 W7 | a0E | AT | AlS 187 | [l 6| 434 N 16.2 363 | 40 | 444

117 416 | 408 | 376 3] 139 | 172 L | 434 353 142 [ 7 | 220 | 443

ik 414 | 407 | 09 | 3E L1 | 185 2| 454 a3 | 203 185 34,1

25k 412 | 406 | 3R | 334 212 | 108 [ 3 [ 430 272 | 314 19.6 414
221 [ 268 05 | 404 | 383 [ 11w 233 | 1w & 430 281 [ 215 07 LN
B4 278 406 | an2 | 383 [ 343 345 [zmr 3 | d4is A0 | 238 ; 218 | 433
45 258 a0y | 3vo | w3 | 149 235 M| a1s 208 | M6 | 219 | Z19 N
257 | 297 a0 396 | 354 | 354 EE 7r | 423 I A T 426
R ET s [3u3 | 381 [ 358 | 25,4 M| 49 [ENETEE TR 2.1
279|315 300 | 380 | 3EZ | 361 26, 18 | 415 331 | 715 | 250 | 6 41.7
(289 [323 InA | ME5 | 36J | 304 75 6| 411 13E | 785 |26 | 0 4.2
N EEN] 380 | 381 | 36D 36T RER R | 234 [ 292 [ 277 | 704 0.6
09 | 334 376 | 376 | 3TE | 304 [ 343 300 12 4l 40 | 302 [ 3] [ 289 0.0
319 [ 345 G70b | 370 | dva | 3 | 350 ETKT in | 103 A6 | a0 | 2%l | 39§ 304
30 | 352 ; 363 | a65 | 370 | 32 | 356 120 A 180 | A ETCE ETT S 387
337 | 55.3 374 357 | 35& | 364 | 303 | 361 WO 6 381 356 | 327 | S [ ALs 16.B 380
346 | 364 174 350 | 358 | 365 | 373 [ 3ba 1349 4 iTE Se0 | a4 | 3LE | 3xa ] 372 |
354 |37 T8 [ 371 | 342 | M4 | %60 | 373 | 390 348 I | 3638 3 364 | M0 | 3E6 | 33 37 | 364 |
362|375 278 | 368 [ 334 | %39 | 357 | 372 | 374 | 33 | 356 i 362 | 375 | 374 | 366 | MR | 134 | 330 | 357 | AT 3.3 | 35 |

BT 31 ojas Lok 10he o (s (e e o oy gim o s )80 51 53 b 250 550 il g 5 1 (i 31FY 31 5308 (e 8l3n Ll n sl oo 3 Sy izneoit s o pgolia
dge e bt Gag s i cles s Jabas as o Lambda—2.45 5 aeaii bod g g _palia =Y
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GasS

Load (2585 5 okl Lo

o

Yoo 31 3as Oxanaly 5o oslite léliia slagase 59 (N) T slebu Sl V=Y Jsaa

Y54

24
N=—a,
13
T Neherm Hemisphere Tat ~Sbuthern Herisphere |
Jan | Feb | Mar | Apr | May | Jun | July | Aug | Sep | Oct | Nov | Dec | deg. | Jan | Feb | Mar | Apr | May | Jun | July | Aug | Sep | Oct | Nov | Dec
0.0 6.6 110 | 156 | 21.3 | 240 | 240 | 176 | 128 8.3 23 0.0 70 240 | 174 | 13.0 B4 27 0.0 0.0 6.4 112 | 157 | 217 | 240
2.1 7.3 111 | 163 | 19.7 | 240 | 223 | 170 | 12.7 8.7 4.1 0.0 | &8 219 | 16.7 | 129 B.7 4.3 0.0 1.7 7.0 113 | 153 | 199 | 240
39 7.8 112 | 149 | 187 | 220 | 203 | 164 | 127 9.0 5.2 19 | 66 201 | 182 | 128 9.1 53 2.0 3.7 76 113 | 150 | 188 | 221
5.0 B.2 112 | 147 | 179 | 203 | 192 | 160 | 126 9.3 6.0 64 | 19.0 | 158 | 128 9.3 6.1 37 4.8 8.0 114 | 147 | 180 | 203
5.7 B.5 113 | 144 | 173 | 19.2 | 1B4 | 157 | 126 9.5 6.6 m.m 4 183 | 165 | 127 9.6 6.7 4.8 5.6 8.3 114 | 145 | 174 | 19.2
6.4 8.8 114 | 142 | 168 | 184 | 177 | 153 | 125 9.7 71 60 176 | 152 | 126 9.8 7.2 5.6 6.3 8.7 115 | 143 | 169 | 184
6.9 9.1 114 | 141 164 | 178 | 17.2 | 151 125 9.9 7.5 58 171 149 | 126 9.9 7.6 6.2 6.8 8.9 115 | 141 165 | 17.8
73 9.3 115 | 139 | 160 | 173 | 168 | 148 | 124 | 101 7.9 66 | 167 | 147 | 125 | 10.1 8.0 6.7 7.2 9.2 116 | 13.8 | 161 17.3
.7 9.5 115 | 138 | 157 | 168 | 164 | 146 | 124 | 10.2 8.2 54 | 163 | 145 | 125 | 10.2 8.3 7.2 7.6 9.4 116 | 13.8 | 158 | 16.9
8.0 8.7 115 | 136 | 154 | 165 | 16.0 | 144 | 124 | 103 8.5 62 | 160 | 143 | 125 | 104 8.6 7.5 8.0 9.6 1.6 | 137 | 155 | 165
8.3 9.3 116 | 135 [ 152 | 161 | 157 | 143 | 123 | 104 8.7 80 | 157 | 142 | 124 | 105 8.8 79 8.3 9.7 11.7 | 136 | 153 | 161
8.6 100 | 11.€ 134 | 150 | 158 | 155 | 141 | 123 | 106 9.0 48 | 154 | 140 | 124 | 106 9.0 8.2 8.5 9.9 11.7 | 134 | 150 | 158
88 [101 [ 116 [ 133 [ 148 | 1565 | 152 | 140 | 123 | 107 | 9.2 6 | 152 | 139 | 124 | 10.7 | 92 8.5 8.8 | 100 | 11.7 | 133 [ 148 | 155
8.1 103 | 116 | 132 | 146 | 153 | 150 | 138 | 123 | 10.7 9.4 44 | 149 | 137 | 124 | 108 9.4 8.7 8.0 10.2 | 11.7 | 13.3 | 146 | 153
8.3 104 | 11.7 | 13.2 | 144 | 150 | 148 | 13.7 | 123 | 108 9.6 42 | 147 | 136 | 123 | 108 9.6 9.0 9.2 103 | 11.7 | 13.2 | 144 | 150
8.5 105 | 11.7 | 131 142 | 148 | 1486 | 136 | 122 | 109 9.7 145 | 135 | 123 | 109 9.8 9.2 9.4 104 | 11.8 | 131 143 | 148
9.6 106 | 11.7 | 13.0 | 141 146 | 144 | 135 | 122 | 11.0 9.9 144 | 134 | 123 | 110 9.9 9.4 9.6 105 | 11.8 | 13.0 | 141 146
8.8 107 | 117 | 129 | 139 | 144 | 142 | 134 | 122 | 111 | 101 142 | 133 [ 123 | 111 | 101 9.6 9.8 106 | 11.8 | 129 | 138 | 144
100 | 108 | 11.8 | 129 | 138 | 143 | 141 | 13.3 | 122 | 11.1 | 10.2 14.0 | 132 | 122 | 111 | 102 9.7 9.9 107 | 118 | 129 | 138 | 143
101 | 109 | 118 | 128 | 136 | 141 | 1389 | 132 | 122 | 11.2 | 103 139 | 131 | 122 | 11.2 | 104 9.9 10.1 | 10.8 | 11.8 | 12.8 | 137 | 141
103 | 110 [ 118 | 127 | 135 | 139 | 138 | 131 | 122 | 11.3 | 105 13.7 | 130 | 122 | 11.3 | 105 | 101 10.2 | 109 | 11.8 | 12.7 | 135 | 139
104 [ 110 | 118 | 127 [ 134 | 138 | 136 | 130 | 122 | 11.3 | 106 136 | 130 | 122 | 113 | 106 | 102 | 104 [ 110 | 118 | 127 | 134 | 138
105 | 111 118 | 126 [ 133 | 136 | 135 | 128 [ 121 114 | 10.7 135 | 129 | 122 | 114 | 10.7 | 104 | 105 | 111 119 | 126 | 133 | 136
107 [ 112 | 118 | 126 | 13.2 | 135 | 133 | 128 | 121 | 114 | 108 133 | 128 | 122 | 114 | 108 | 105 | 107 [ 11.2 | 11.9 | 126 | 132 | 135
108 | 113 | 11.9 | 125 | 131 133 | 132 | 128 | 121 11.5 | 10.8 132 | 127 | 121 115 | 108 | 10.7 | 108 | 11.2 | 119 | 125 | 131 133
109 | 113 | 119 | 125 | 129 | 13.2 | 131 | 127 | 121 | 115 | 11.0 131 | 127 | 121 1.5 | 11 108 | 109 [ 11.3 | 119 | 125 | 130 | 132
110 | 114 | 119 | 124 | 128 | 131 | 130 | 126 | 121 | 116 | 111 ; 13.0 | 126 | 121 116 | 11.2 | 109 | 110 [ 114 | 119 | 124 | 129 | 131
11.1 | 115 | 119 | 124 | 127 | 129 | 129 | 125 | 121 116 | 112 | 111 ] 16 | 129 | 125 | 121 116 | 113 | 111 1A 115 | 119 | 124 | 128 | 128
113 | 116 | 119 | 123 | 126 | 128 | 128 | 125 | 121 | 1.7 | 11.3 | 112 | 14 127 | 124 | 121 M7 | 114 | 112 | 112 | 11.5 | 11.9 | 123 | 127 | 128
114 | 116 | 116 | 123 | 126 | 127 | 126 | 124 | 121 | 11.7 | 114 | 113 12 | 126 | 124 | 121 1.7 | 114 | 113 | 114 | 116 | 11.9 | 123 | 126 | 127
115 | 117 | 119 | 122 | 126 | 126 | 125 | 123 | 121 | 118 | 1156 | 114 | 10 125 | 123 | 121 118 | 115 § 114 | 115 | 11.7 | 11.9 | 122 | 125 | 128
16 | 117 | 119 [ 122 | 124 | 125 | 124 | 123 | 120 | 118 | 116 | 115 ¢ 124 | 123 | 121 118 | 116 | 115 | 116 | 11.7 | 120 | 122 | 124 | 125
117 | 118 | 120 | 121 123 | 123 | 123 | 122 [ 120 | 18 | 17 | 117 123 | 122 | 120 | 119 | 1.7 [ 117 | 11.7 | 118 | 120 | 121 | 123 | 123
118 | 119 [ 120 | 121 [ 122 | 122 | 122 | 121 120 | 119 | 118 | 118 4 12.2 | 121 120 | 119 | 11.8 | 118 | 118 | 119 | 120 | 121 | 122 | 122
119 | 119 | 120 | 120 | 124 [ 121 [ 121 [ 124 [ 120 [ 120 [ 119 | 118 | 2 121 [ 121 [ 120 | 120 | 119 | 119 [ 119 | 119 | 120 | 120 | 121 | 124
120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 (v 120 | 120 | 120 | 120 | 120 | 120 | 120 | 120 [ 120 | 120 | 120 | 120
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(OLLS 5 s jee o dalas Jaall ) siens) GLS 325 - pas Yv-

: ) . - " " 4
(590 2 oo Sie 2 Js3&e ua 5) (o3l g - il (936 OTKY yul8e —A-Y Jsaa

(WWQ‘)J%x)TU&JiA(_;LAAJJ

6=4.90310° MJK*m?day™
T= T[°C] + 273.16

T oT T oT T oT
(°C) (MIm?d?) (°C) (MIm?d?) (°C) (MIm?d?)
1.0 27.70 17.0 34.75 33.0 43.08
15 27.90 17.5 34.99 335 43.36
2.0 28.11 18.0 35.24 34.0 43.64
2.5 28.31 18.5 35.48 34,5 43.93
3.0 28.52 19.0 35.72 35.0 44.21
35 28.72 19.5 35.97 35.5 44.50
4.0 28.93 20.0 36.21 36.0 44.79
45 29.14 20.5 36.46 36.5 45.08
5.0 29.35 21.0 36.71 37.0 45.37
5.5 29.56 21.5 36.96 375 45.67
6.0 29.78 22.0 37.21 38.0 45.96
6.5 29.99 22.5 37.47 385 46.26
7.0 30.21 23.0 37.72 39.0 46.56
75 30.42 235 37.98 39.5 46.85
8.0 30.64 24.0 38.23 40.0 47.15
8.5 30.86 24.5 38.49 40.5 47.46
9.0 31.08 25.0 38.75 41.0 47.76
9.5 31.30 25.5 39.01 41.5 48.06
10.0 31.52 26.0 39.27 42.0 48.37
10.5 31.74 26.5 39.53 42.5 48.68
11.0 31.97 27.0 39.80 43.0 48.99
115 32.19 275 40.06 435 49.30
12.0 32.42 28.0 40.33 44.0 49.61
125 32.65 28.5 40.60 445 49.92
13.0 32.88 29.0 40.87 45.0 50.24
13.5 33.11 29.5 41.14 45.5 50.56
14.0 33.34 30.0 41.41 46.0 50.87
14.5 33.57 30.5 41.69 46.5 51.19
15.0 33.81 31.0 41.96 47.0 51.51
15.5 34.04 315 42.24 47.5 51.84
16.0 34.28 32.0 42.52 48.0 52.16
16.5 34,52 32.5 42.80 48.5 52.49

(oron oo VL) s plas ) 5o sud (5 5Se5lul ol e o JsusS (il s ALY Jgaa

soie 93 3 Il plas ) Hu b we s

. 4.87
Conversion Factor = (Y dslas)
In(67.82-5.42)

Conversion | z height | Conversion | z height | Conversion | z height | Conversion | z height
Factor (mg Factor (m? Factor (m? Factor (m?
0.812 6.0 0.865 4.2 0.980 2.2 - -
0.802 6.5 0.857 4.4 0.963 2.4 - -
0.792 7.0 0.851 4.6 0.947 2.6 - -
0.783 7.5 0.844 4.8 0.933 2.8 - -
0.775 8.0 0.838 5.0 0.921 3.0 1.178 1.0
0.767 8.5 0.833 5.2 0.910 3.2 1.125 1.2
0.760 9.0 0.827 5.4 0.899 3.4 1.084 1.4
0.754 9.5 0.822 5.6 0.889 3.6 1.051 1.6
0.748 10.0 0.817 5.8 0.881 3.8 1.023 1.8
0.742 10.5 0.812 6.0 0.872 4.0 1.000 2.0
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Aw oow g

o

8 S gl 4 dmlno
QLS & 3% g ptd 3l 0590

Y1) s Ol b S

A =2.501-(2.361x10°) T (\-7)

RBEES

[0 oSS 5o Js38e] 5uas Ol sla S =R

(ol 4 5a] 15 slaa =T

ol Jlaie S Olgi e ctnlily ol cull (8 sk 4 ule slas b slsa Lo Gle e S ks
1S saliieul (o saeabis aa 50 T=Y 0 (6l) a S LS 50 J53K A =Y/¥0
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2- Thermopile

3- Silicon diode

4- Albedometer

5- Net pyranometer

6- Glass domed thermopile type

7- Photo diode type

8- Pyradiometers

9- Net radiometers
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1- Thermistor
2- Dielectric polymer capacitive hygrometer
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1 Example Spreadsheet for Calculating ET, s (Kap, + Kg) ETg and an Imigation Schedule

2 Foremaop,amgel@luasmmsnxq

3 \Crop:  |Dry, Edible Baans Fokowing Adjustment:

4 015 K [015

5 |Planting: Month| © 113 Max.He: 04

8 Dy | 2 423

7

8 NMidsess. Av. Wind Speed: 1.98 mls |<—Corpund automalcaly
fiom Lok an colim AQ

9 1"Double” Underdimad Columns (befow} are User-Entered Nidseas. Av. RH: 20%  |<—Computad automatosly
from Logieig o9 oohimin AP

10 ["Sigle” Underlined Cofumns are Computad by the Spreadsheet

1 Wind Sormmiignd K etfrstitg Ko ——

12 Tow 82m T,  ET,  e%T,) ¢9T,) RH, P-RO

13| Month Day Yer J € ms C mmd ka ka % mm

5 74 1% 100 583 00 | 34 | 081 1.3 50
16 74 138133 22 450 | 41 | 042 159 28
7 7™ 13718 38 A1 | 87 | 086 18 ¥
18 7 18]133 31 28| 38 ;05 18
19 7 19133 45 06 | 31 | 058 153 3| 25
20 74 140|128 84 33 | 28 |07 148 52| 08
Y 4 M| 112 35 06 | 48 ; 058 1% 30

M 45| 218 18 100 | 84 | 1B 34 A
T4 W7 |44 36 106 | 63 | 128 306 42

(> ]
(=]
Ch oW Ononoh O gnon on o En

21 2 T4 142|228 22 1T | 49 | 068 278 25
22 3 T4 43| 44 25 68 | 52 | 091 3 A
23 4 T4 44| 44 27 67 | 54 | 088 306 32
24 B T4 145|256 22 83 | 52 (108 32 A
28
2l

1- http://www.fao.org
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YyY Olo) (o255 5 solal (Lo S
LS)l:‘,-,’TLS)'-,‘,)Mb)-,‘BETC:(KCb+Ke) ETO A.E.wl:’ux 6|onMWJm—\—AJ§&
AE | AF | AG | AH | A | A ] AK ] AL |AM] AN| AD ] AP
1
2
3 |Rooly 0.200m MAD during InHial Stage B
4 |[Rooty, 0.80im MAD aftar initial Stage %
5 |Avall.Water 1 mm
8
7
8 {inigation that s neaded Je prosumod to s applied 1 BN beginaing o/ the nextdey)
{ i e |
a irrigeation Scheduling- | ﬂ"""bwlﬂ'%%
10 Not (From Precip.) Kt Cormecied Gummulative
11 Root Ending Imigation Drainage Adlusted  Ending Wind Min. Rel.
12 Depth RAW  Deplel. Neaded {BP) K K. Depletion Speed Humkdity
13 m mm mm 7] mm {(Ke agp) mm mia 3
14 .20 224 198 1.00 0.45 106 58 49.7
15 0.20 22.4 211 1.00 0.37 211 8.0 ¥7.3
18 0.20 224 222 1.00 0.20 22 11.8 114.2
17 0.20 22.4 232 092 Q.25 23.2 14.9 146.7
18 0.20 224 218 1.00 0.42 219 19.4 185.0
19 020 2.4 24 1.00 0.42 224 279 2374
20 0.20 24 241 0.83 033 23.8 34 2671
21 0.20 22.4 263 263 0.7 0.23 251 338 2020
.o 0.20 %4 ay 1.00 0.74 37 35.1 321.8
23 .20 24 748 1.00 078 7.2 38.8 3538
24 0.20 224 11.8 1.00 0.78 1.8 4.4 T2
25 0.20 24 13.7 1.00 0.36 13.7 42.9 420.1
28 0.20 24 14.7 1.00 0.19 14.7 486 461.9
(ITha Excal spreadshast was sel to show vakues of zero {0) ms blanks.
0| P | @ } R | S]] T | u v |w| X | Y| Z ] as jas]Aac |aD]
1 {AIl "nonboxed” values will be recalindated awtomalicaly)
2 Com Datag for B
a ey 142 t, {lrrlg.): 0.
4 Jou 1687 REW: 8mm
5 Jms 102 TEW: m
] Jiuw 222 initial Dg: 18jmm
7 iy 242 Initial fiy: 1
a
8 | Fvaporation Calcufalion |
10 Net
11 lrrig M, (=<—from irig. ached., prev. day) D.; De.,
12 Halght (beg. af day) start E ©F e ET.
13 | Ke m [ S mm f. T |- mm K K mmidmndd om K mmfd
14 1015 0.05 1.23 0.0 1.00 0.89 180 029 0M 105 19.06 046 1.56
15 | 015 005 1.22 0.01 1.00 0.89 191 021 D22 082 18.98 037 1.54
16 |01 005 1.23 0.01 1.00 088 200 D14 015 057 20.57 030 1.13
17 |815 005 122 0.0 1.00 0.e8 206 010 011 042 20.98 028 089
18 | 015 005 1.23 0.01 1.00 0.59 185 025 027 085 18.21 042 1.32
18 | 015 008 1.28 c.01 1.00 0.59 185 025 027 078 18.32 042 1.18
20 |05 005 1.23 0.01 1.00 0.89 493 018 021 099 2033 03 17
21 [015 005 1.22 0.0 1.00 0.99 203 012 013 063 2096 028 1.36
2 |61 005 122 506 0. 0.50 a.s0 00 160 081 317 2987 835 078 396
23 |01 Q.05 1.22 0.01 0.50 Q.50 €32 100 081 330 1284 076 4.1
24 |015 005 1.21 0.01 0.50 0.50 129 065 081 3186 1825 076 384
25 | 015 005 1.21 0.01 0.50 0.50 193 020 021 112 2150 038 1.83
26 | 015 005. 122 .07 0.50 0.50 218 004 DO4 D20 2180 018 100
V-A UK aalsl
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Formulas for Rows 1 to 15 of Figure 8.1 {for MicroSoft Excel, versions 5/95 and
later}
Equation
in text or Underlined numeric values are input by the user
footnote Cell Text, value, or formula

Al Example Spreadsheet for Calculating ET,, = (K., + K.)ET, and an

Irrigation Schedule

Fz: Computed Dates for Stages:

A3 Crop:

B3 Dry, Edible Beans

F3: Table 11:

13: Tahble 12:

Ja: Following Adjustrment:

P3: Jelant ‘ _
Table 2.5 Q3 =TRUNC{275* CE/8-30+ C8)+IF(C5=2 -2, 0+ IFIMOD(C14,4)=0,+1.0)

W3 fi lirrig.):

X3 0.5

AEZ: Raotmin

AF3: 0.2

AGS: m

AH3: MAD during Initial Stage

AK3: 70

AL3: %

E4: Lini

F4: 25

kg Kb ini

I 015

Jd: =14

L4 -

Me: =

P4: Jpey

Q4: =(J3+F4

W REW

Xd: B

Y mrm

AE4: Root

AF4. pa

AG4: m

AH4: MAD after Initial Stage

AK4: 45

AL4: %

A5 Planting:

Bo: Manth

C5: 5

Es: L

5.

Hs: K :

5 ﬁb mid
Eq. 70 J&: =15+(0.04"(BHEE-2)-0. 004" [BK39-45)) (BMEB/3) 0.3

L5 Max Ht.:

M5 0.4

ME; m

PS: Indid

Q5 =(J4+F5

Wh: TEW:

L 22

Y 111
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AES: Avail W ater

AFS: 160
AGH: M
B&: Day
CB: 22
E&: L mig
F&: an
HE: Kb 2na
IG: 0.25
Eq. 70 J&: =IF{16=0.45 16,16+(0.04*($KS8-2)-0.004* K F2-4 511 (SMS5/3)40.3)
P6: "ILa1E|
(G =(15+FG
Wi initial O
KE: 18 )
Y& mim
ET: L aie
F7: 20
P7. Jl-ear'.l
Qv =QG+FT
W Initial fw:
KT 1
Ha: Midseas. Av. Wind Spead:
i KA: =(VLOOKUP{O6. D14 AP1583,38)-
YLOOKUP{QS5,D14:AP183 38)W(06-05)
La: mi's
M8: <----Computed automatically from Lockup on column AQ
AHE: (Irrigation that is needed is presumed applied at beginning of
next day)
H%: Midseas. Av. RH_;.;
i1 Kg: =(VLOOKUP(QB,D14:AP183,38)-
YVLOOKUP{GS, D14 AP183,39)WG6-Q45)
Lg: Y
h9: <----Computed automatically from Lockup on column AP

First row of formulas  (row 14)
Note: some formulas in row 14 {first day) vary from those in rows 15 onward. See row 15 for

example caleulations for all subsegquent days.

A4 &
E14; 15
C14: 74
Table 2.5 D14 =TRUNC{ZT5 A1 4/9-30+B14)+IF(A14=2 -2 O+IFIMOD(C14.4)=0,+1.0)
E14: 10
F14: 5.7655
G14: a
H14: 4.4
Eq. 14 114: =0.6108*EXP((17.27*G14){G144237.3))
Eqg. 11 J14: =0.6108*EXP({(17.27T*E14)/{E14+237.3))
Eq. 63 K14: =[14;/014"100
L14: 0
Eq. Gl O14: =IF{D14<50%54, 5)54 IF{D14<5055, 554 +{014-505%4 )/

SFE5*(5J35- SJ54), IF(D14=3036 5J55.IFID14=5057,
FJE5+(D14-3Q%6 VEFET(FI56-5155) $.054)))}

i3 P14, =MAX[ 0145155 5ME5, P13)

Eq. Te CH4: =MAK[1.2+(0.04*(F1470.8-2}-0.004"(K14-45))*(P14/3)70.3, ©14+0.05)
! R14; 0

Eq. 76 514: =M (O14-ME4 W 14-M341 )M 14+0.5°P14),0.01)

e Tid:  =IF(R14>0,X$3,IF(L1420.1 X7))
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Eqg. 75 14 =MIN{1-514,T14)
(B} W14 =X
Eg. 74 Wd: =MAX(IF(WV14<X$4,1,(XF5-V 14 X$5-X54)).0
Eq. 71 ¥14: =MIN(HW147(Q14-014)1,U14°Q14)
14 =X14*H14
Eq. 79 Z14: =MAX[L14+R 14,00
Eq. 770 AATA: =SV1A-L14-R14+Y 14U 144714
i _ AB14:  =014+X14
Eq. 69\ AC14:  =AB14*H14
Eq. 8108 AE14:  =MAX((014-5154W(3)35-5154 ) [ FAF§4-5AFSI1+SAFS3 AE13)
E B2 AF14:  =NMAX(IF(D14=0%4 AKS3 AKS4)100"AE 14 $AFSE AF13)
cll 5o AG14 =$XS6-L14+AC14
I AH14:  =IF(D14>=083 [F(D14=<{Q$6+Q57 2 IF{AGT4=AF 14, AG14.0), D). 0)
Eq. 83 Al =MAX[+L14-AC14-3%56,0)
Eqg. 84(11 Ad14:  =IF|AG14>AF14 [AE14*AF$5-AG14)/(AE14*AFS5-AF 14).1)
Eq. 80 AK14:  =X14+014%AJ14
Eqg. 85 AL14; =+5XEE-L14+AK 14 H14+4]14
112) ADM4. =F14
i12) AP14:  =K14
Second row of formulas
All rows below row 15 are similar.
A5 5
B15: 18
C15: 74
Tablz 2.5 D15: =TRUNC(275"A15/9-30+B151+IF(A15>2 -2 0%+ IF(MOD(C15.4)= 0.+1,00
E15: 13.3
F15: 2.217
G15; -5
H15; 41
Eq. 14 115: =0 6108"EXP((17.27*G15)/{G15+237.3))
Eqg. 11 J15: =0.6108"EXP{(17.27T*E15)/(E15+237.3)}
Eq. 63 K15 =15/J15°100
_ L14: 0
Eq. 66 (& 015 =IF(D15<50%4 554, IF(D15<$03%5 5J$4+(D15-5054 )/ $FS5*
(SJ55-5)54) IFID15<5Q%6,5J55,IF(D15<$QST $J55+
N (D15-3Q%EVEFST{FJBE-5J55).5J5471})
i3 P15 =MAX[O15/F5J55 5ME5, P14)
Eg. 72 Q15 =MAX[ 1 2+(0.04%(F15°0.9-2 1-0.004* (K1 5-45)1°(P15/3)%0.3, 015+0.05)
i R15: =IF{AH14>0 AH14/$%$3.0)
Eq. 76 315 =MAX((O15-ME41{D15-MS414(1+0.5*P15),0.01)
i T15: =IF[R15=0,X$3.IF(L15>0,1,T14))
Eq. 75 U18: =MIN{1-815.T15)
18] W15 =MAX(AAT4-L15-R15,0)
Eq. 74 W15 =MAX(IF(V15<X84, 1, (%F5-V15)(XG5-XF411.0)
Eg. 71 ®15: =MIM{+W 1540 15-015), LM 5*Q15)
Y15 =X15"H15
Eq. 79 Z15: =MAX[L15+R15-AA14,0)
Eqg. 778! A815: =AAT4L15-RIS+HY15/UI5+215
i _ AB15:  =15+X15
Eqg. 897! AC15:  =AB15*H15
Eq. s 1”*' AE15:  =MAX((O15-5J54)(5J55-5.54)" (FAFF4-SAFS3)+SAFSI AE14)
Eq. 8 AF1E:  =MAX(IF(D15=<0%4 AKES AKS4)100°AE 15 5AFSS AF14)
Eq. 85““] AG15 =AK14 -L15-AH14+AC15
{10 AH15:  =IF(D15==083 |F(D15<{Q%6+Q57)/2, IF|AG15=AF 15, AG15,00, (1,0
Eq. B8 Al15: =MAX[+L15+AH14-AC15-AK14,0)
Eg. 54411 Ad14:  =IF|AG15=AF15,[AE15 AF$5-AG15)/(AE15°AFS5-AF15),1)
Eq. 50 AK14:  =X154015%4J15
E% a5 AL1S:  =+AL14-L15-AH14+AK15*H1 544115
ADME =AD14+F15
112) AP15.  =AP14+K15
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Footnotes:

(1) Cells K& and K9 use the vertical lookup function to automatically calculate the average wind
speed and average daily minimum relative humidity during the midseason period. The loakup
function uses cumulative totals of wind speed and RH;, that are calculated in columns AC and
AR

{2) The formula to calculate Ky far each day uses a series of imbedded IF statements to determine
which growing period the day is in.  Linear interpolation is applied when the day is within the
development and late season growing periods.

31 The crop height on any day is calculated as proportional to the value of K., on that day to the
Kot mig ¥alue, multiplied by the maximum crop height that has been enterad by the user in cell
M5, The value for crop height is net allowed to decrease with time. Hence, the MAX]) function is
employed, comparing with the value of the previous day.

4] The value for irrigation depth [divided by f,, to express the depth over the wetted fraction of the
soil, only) is presumed to ccour early in the day. This value is based on a decision made at the
end of the previous day (ealumn AH), based an whether or not the ending sail water depletion an
the previous day has exceeded the readily available water (RAW). The irrigation depth on the
first day iz prasumed to ba zaro.

(3] The value far f, is determined accarding to the last cccurrence of precipitation ar irrigation, as
described in Chapter 7.

6) The depletion of the evaparation layer (top soil layer) at the beginning of the day is presumed ko
adqual the depletion at the end of the previous day less any precipitation or irigation, which is
assumed to ocour very early in the day. The value for Dy is limited to = 0.

The depletion of the evaporation layer at the end of the day is calculated according to Eq. 77,
with root extraction of plant transpiration fram the evaparation layver assumed to equal zera.

{7} The value for K is caloulated as K = Ky + Kg and the value for ET is caloulated as K x ET,.

&) The depth of the effective roct zone on any day is calculated as being proportional to the ratio of
the value of the Ky, on that day (above the value of K; ) to the Ko mid = Ke mine 29
described in Eq. 1 of this annex. The rooting depth is not allowed to decrease with time.
Therefore, the MAX() functicon is utilised, where the value for the previous day is compared.

(9] The “first" estimate for ending depletion of the root zone (D) ;) is estimated using Eq. 85, with
drainage assumed to be zero and with ET,. for nonstressed conditions. The value for Or jis
then recalculated in Column AK, after any drainage 10535 is estimated and after any reduction in
ET.. to account for low scil water content. The value for D, in column AK represents depletion
of the root zane at the end of the day. ’

(10) The net depth of irmgation needed is based on the value of soil water depletion at the end of the
day. It is assumed that irrgation will be applied at the beginning of the fallowing day. The
formula in celurmn AH checks to insure that the specific day is within the growing period. The
farmula assumes that no irigation will be desired during the last ane-half of the late-season
period. This assumption may need to be medified for some other crops. The walue for
management allowed depletion is allowed to have a different (normally higher) value during the

initial period as compared to during the rest of the growing season.

(1) The stress coefficient K represents the K. under the current conditions of soil water. The value
for Ky is reduced below 1.0 using Eq. 84 its the depletion of the roct zone {following any irrigation
ar precipitation earlier in the day] is greater than the readily available water (RAW). It is
presumed that the stress paint, p, is the same as the value entered for MAD. This presumption
can be medified as needed.

{12) Columns AO and AP contain cumulative sums of daily wind speed and daily minimum ralative
humidity. These columns are used to calculate mean values for ug and RHp, during the
midseason period (footnote 1)
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