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ETo =
0.408∆(𝑅𝑛 − 𝐺) + 𝛾

900
𝑇 + 273 𝑈2(𝑒s − 𝑒𝑎)

∆ + 𝛾(1 + 0.34𝑈2
                                (1)
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MONTH TMIN (OC) TMAX (OC) 

HUMIDITY 

(%) 

WIND SPEED 

(KM/DAY) 

SUNSHINE 

(HOUR) 

AVERAGE RAINFALL 

(MM) 

January 7.9 27.4 48.1 61 9.5 1.5 

February 9.8 29.3 43.3 69 9.7 1.8 

March 13.2 29.8 41.5 86 9.2 13.9 

April 15.3 30.5 41.8 95 9.1 26.8 

May 15.8 29.8 52.5 86 8.5 72.8 

June 14.9 27.8 66.5 86 6.9 191.3 

July 14.5 25.1 76.3 69 4.6 438.7 

August 14.4 24.8 84.5 69 4.6 397.3 

September 12.7 25.7 73.2 69 6.3 193.2 

October 12.9 26.4 64.3 69 8.7 81.7 

November 11.3 26.5 57.2 61 9.4 9.9 

December 8.4 26.3 52.3 61 9.7 4.5 
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(1 −
Ya

Ym
) = Ky (1 −

ETa

ETm
)                                                            (2)
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CROP  WHEAT MAIZE POTATO ONION PEPPER BARLEY TOMATO GARLIC CABBAGE 

Pc (ETB/ha)  9460 8830 17840 73440 10850 5670 13440 17640 13048 

Ym (Kg/ha)  30 58 200 185 55 17 25 100 220 

Local price 

(Birr/ton) 

 7842 4500 4293 5833 4167 6625 2833 22000 2417 

Area (ha)  2003.1 355.4 1053.1 954.0 81.0 131.5 111.3 162.1 491.8 

GROWTH  

STAGES 
WHEAT MAIZE POTATO ONION PEPPER BARLEY TOMATO GARLIC CABBAGE 

Initial 

Ky 0.20 0.4 0.45 0.45 0.45 0.20 0.40 0.45 0.20 

K

c 
0.35 0.4 0.45 0.50 0.35 0.35 0.45 0.70 0.45 

Devt 

Ky 0.60 1.5 0.80 0.45 0.90 0.60 1.10 0.45 0.20 

K

c 
0.75 0.8 0.75 0.75 0.70 0.75 0.75 0.85 0.75 

Middle  

Ky 0.50 0.5 0.70 0.80 0.70 0.50 0.80 0.80 0.45 

K

c 
1.15 1.15 1.15 1.05 1.05 1.15 1.15 1.00 1.05 

Late  

Ky 0.50 0.2 0.20 0.40 0.20 0.50 0.40 0.30 0.60 

K

c 
0.45 0.7 1.85 0.85 0.90 0.45 0.80 0.70 0.90 
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Maximize Z = ∑ PiYiAi − ∑ CiAi

Nc

i=1

 

Nc

i=1

                                          (3)  

∑ Xn ≤ At

N

n=1

                                                                       (4)

∑(CWRi − Peff)Ai ≤ Wa ∗ γ

Nc

n=1

                                        (5)

𝛾
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Ac ≤ Amax                                                                    (6)

𝑋1 0, 𝑋2 0, 𝑋3 0, 𝑋4 0, 𝑋5 0, 𝑋6 0, 𝑋7 0, 𝑋8 0, 𝑋9 0                                             (7)    
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CROP  
YIELD (qt/ha) BENEFIT (birr/ha) IWR (mm/ha) 

10% 20% 30% 10% 20% 30% 10% 20% 30% 

Wheat 27.3 25.0 23.1 10449.1 8790.0 7386.2 4329 3848 3367 

Barley 15.5 14.2 13.1 5070.9 4175.8 3418.5 3778 3358 2939 

Maize 51.6 46.4 42.2 16947.8 14370.0 12260.9 3818 3394 2969 

Potato 180.2 163.9 150.4 75853.7 67405.9 60355.5 4190 3725 3259 

Cabbage 200.7 184.7 171.1 57207.5 51603.6 46827.6 5681 5049 4418 

Tomato 226.2 206.6 190.1 43121.1 38212.9 34088.5 5106 4538 3971 

onion 166.7 151.6 139.1 18226.7 9961.6 3063.8 2910 2586 2263 

Garlic 90.1 82.0 75.2 225603.2 203671.5 185367.5 2977 2646 2316 

Pepper 49.5 45.1 41.4 13924.8 11691.0 9826.7 3986 3543 3100 
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