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A B S T R A C T 

In Ethiopia different crops are produce (harvest), the major crops produced in 

the country are Teff, Sorghum, wheat, bean, barely, raise, pea, nueg and maize. 

Those crops produced state of nature (uncertain condition) like good condition 

or poor condition with deferent amount of generating profit in each crop. In 

this case depend up on the amount of crop produced, high amount of crop 

produced in good condition in 2017 year and low amount of crop produced in 

poor condition in 2016 year. In order to maximize the profit of each crop, it 

needs to minimize the amount of loss during each states of conditions (minimize 

the maximum regret of each crop). By using decision making criteria and POM 

software maximize the profit of each crop and evaluate through Maximax, 

Maximin, and Minimaxi regret criteria.  According to assumption of this term 

paper, the price of the crop during good and poor condition are the same and 

during each criteria not take a single crop of product, because all of the crops 

are uses in the country. So it take priority according to their values decision 

criteria. At the end it select a crop which has low minmax regret and then order 

according their values of regret from lowest to highest values of the regret. 
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1. INTRODUCTION 

 

In traditional agriculture, crop planning decisions were 

mainly guided by the farmer's judgment and experience 

(Jain et al., 2018). Agriculture is main economic pillars of 

the Ethiopian economy and the overall economic growth 

of the country is highly dependent on the success of the 

agriculture sector (Degu, 2019). The sector represents 42 

% of the GDP of the country and about 85 % of the 

population gains their livelihood directly or indirectly 

from agricultural production. The government of Ethiopia 

have been devised and implementing different strategies 

and polices to boost the agricultural sector as the engine 

of the country overall growth (Lavers, 2012). Now we are 

in the era of growth and transformation plan (GTPs). 

Accurate, reliable and timely statistical information in the 

sector is crucial for designing, monitoring and evaluating 

these policies and strategies. Specifically estimates and 

forecasts of crop area and yield are of critical importance 

to policy makers for the planning of agricultural 

production and monitoring of food supply in the country 

(FDRE, 2018; Gizaw & Assegid, 2021).  

Developing countries and their economic progress are 

likely to suffer tremendously from climate change, given 

their extremely nature-dependent agrarian economies. As 

a result, accurate quantification of the impact of climate 

change on the agricultural sector is of paramount 

importance in guiding appropriate adaptation measures 

(Gallup et al., 1999), Stage and ensuring genuine 

participation of developing countries in climate change 

agreements (FDRE, 2018). The sound performance of 

agriculture warrants the availability of food crops. This 

accomplishment in agriculture does not only signify the 

adequate acquisition of food crops to attain food security, 

but also heralds a positive aspect of the economy (Leakey, 

2018). In regard to this, collective efforts are being geared 
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to securing agricultural outputs of the desired level so that 

self-reliance in food supply can be achieved and disaster 

caused food shortages be contained in the shortest 

possible time in Ethiopia. Most of the crops are Teff, 

wheat, maize, sorghum, Neug, Bea, Bean, Barley, Rice 

etc., this crops are wisely produced in the country. The 

amount of production of those crop is depend on the 

condition during cultivation. May be the condition is good 

condition like: good weather condition, properly uses 

DAP and UREA during cultivation, good conservation, 

humidity, fertile land etc. But if this requirement is not 

available the condition is poor condition, at that time 

amount of produced crop is reduce.  The farmers not know 

what types of condition will happened, it is uncertain with 

state of nature and have not decide which crop produce in 

order to get more profit during good condition and which 

crop have high amount of loss during poor condition at 

optimal condition (Ashraf & Foolad, 2005).  This paper is 

focused on analyzing and identifying optimum production 

at both good and poor condition by using decision making 

analysis. Also by using software we analysis the data and 

recommend depend on the result of the analyzed data.   
 

 

2. LITERATURE REVIEW 
 

2.1 Agriculture crop production and Components of 

Decision Making  

Developing countries and their economic progress are 

likely to suffer tremendously from climate change, given 

their extremely nature-dependent agrarian economies 

(Mendelsohn & Dinar, 2009). As a result, accurate 

quantification of the impact of climate change on the 

agricultural sector is of paramount importance in guiding 

appropriate adaptation measures and ensuring genuine 

participation of developing countries in climate change 

agreements (Bezabih  & Sarr, 2012; FDRE 2015).   

The government of Ethiopia have been devised and 

implementing different strategies and polices to boost the 

agricultural sector as the main motor of the country 

overall growth (Shumuye, 2015). Now we are in the era 

of growth and transformation plan (GTPs). Accurate, 

reliable and timely statistical information in the sector is 

crucial for designing, monitoring and evaluating these 

policies and strategies. Specifically estimates and 

forecasts of crop area and yield are of critical importance 

to policy makers for the planning of agricultural 

production and monitoring of food supply in the country 

(Kalra et al., 2007). 

Grain crops are highly important to enhance the food 

security of small holder framers in Ethiopia. Even though, 

intensity of cultivation & production of grain crops varies 

seasonally across regions and zones these crops are 

widely grown all parts of the country by small holder 

farmers in both seasons, dry season irrigation farms and 

by commercial farms (Kalra et al., 2007). 

Despite the availability of overwhelming evidence in 

support of climate change, uncertainty prevails over the 

precise nature of these changes, especially at local level. 

Global predictions become less clear as to the magnitude 

and timing of the changes at national and local levels. 

Global predictions become less clear as to the magnitude 

and timing of the changes at national and local levels. 

Even at the global scale, there will always be uncertainty 

in predicting future climates. 

Decision situations can be categorized into two classes: 

situations in which probabilities cannot be assigned to 

future occurrences and situations in which probabilities 

can be assigned  

Several decision-making techniques are available to aid 

the decision maker in dealing with this type of decision 

situation in which there is uncertainty. Decision situations 

can be categorized into two classes: situations in which 

probabilities cannot be assigned to future occurrences and 

situations in which probabilities can be assigned.  

Decision situations in which there are two or more 

decision makers who are in competition with each other 

(Jain et al., 2018). 
 

2.2 Components of Decision Making  

A decision-making situation includes several components 

the decisions themselves and the 

actual events that may occur in the future, known as states 

of nature. At the time a decision is made, the decision 

maker is uncertain which states of nature will occur in the 

future and has no control over them. A state of nature is 

an actual event that may occur in the future (Taylor  & 

Taylor, 2002; Oladejo et al. 2019). 
 

2.2.1 Decision making criteria  

Once the decision situation has been organized into a 

payoff table, several criteria are available 

for making the actual decision. Include maximax, 

maximin, minimax regret, Hurwicz, and equal likelihood.  

 

2.2.2 Maximax Criterion 

With the maximax criterion, the decision maker selects 

the decision that will result in the maximum of the 

maximum payoffs. (In fact, this is how this criterion 

derives its name a maximum of a maximum.) The 

maximax criterion is very optimistic. The decision maker 

assumes that the most favorable state of nature for each 

decision alternative will occur. Thus, for example, using 

this criterion, the investor would optimistically assume 

that good economic conditions will prevail in the future 

(Taylor & Taylor, 2002). 

  

2.2.3 Maximin criterion  

The maximin criterion results in the maximum of the 

minimum payoff. In contrast with the maximax criterion, 

which is very optimistic, the maximin criterion is 

pessimistic. With the maximin criterion, the decision 

maker selects the decision that will reflect the maximum 

of the minimum payoffs. 

  

2.2.4 Minimax regret criterion  

Regret is the difference between the payoff from the best 

decision and all other decision payoffs. The minimax 

regret criterion minimizes the maximum regret. 
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3. METHODOLOGY 
 

Collected quantitative data for these paper work by face 

to face discussing with traders and farmers. Also get data 

from federal democratic republic of Ethiopia central 

statistical agency agricultural sample survey 2017/18. 

Based on those data it identified amount of each product 

per year in both conditions. Those products in 2016 and 

2017 years are identified, the next process was to find 

amount in each decision criteria products produced per 

year and give priority for regret conditions. Then 

developed the model required for the decision making and 

solve the given model through POM version5 software. 

 

 

4. DATA ANALYSIS AND DISCUSSION 

 
As we have try to discuss on the previous parts of the 

paper, the output of the Ethiopian agricultural products 

depends on the seasonal condition of the air.  If the 

weather condition is good farmers will expect good and 

much of production output and if not they will lose much 

yields of production. Even though Ethiopia has a lot of 

production areas in hectares, the outcome is not good as 

expected. The quality of grain crops and other products is 

poor as well.  

The sound performance of agriculture warrants the 

availability of food crops. This accomplishment in 

agriculture does not only signify the adequate acquisition 

of food crops to attain food security, but also heralds a 

positive aspect of the economy. In regard to this, 

collective efforts are being geared to securing agricultural 

outputs of the desired level so that self-reliance in food 

supply can be achieved and disaster caused food shortages 

be contained in the shortest possible time in Ethiopia. 

The basic question here under state of nature which 

determines the agricultural crop out puts is that what if the 

air condition is not good as expected? These mean that 

how we can minimize the risk of uncertainty by applying 

decision analysis concept to the agricultural products 

outputs.  

 Data analysis of this term paper was done on data 

collected from recent years 2017 and 2018.  The 

procedure was conducted by taking data of the previous 

two years and forecasting for the future one year output 

and analyzing what should be done in order to give 

priority sequence of basic grain crop production in 

Ethiopia. The federal democratic republic of Ethiopia 

central statistical agency agricultural sample survey 

2017/18, report on area and production of major crops 

states that the following terms should be define clearly in 

order to analyzing and clearly conducting a research on 

the agricultural production output in Ethiopia  (Table 1). 

 

Table 2. Federal democratic republic of Ethiopia central statistical agency agricultural sample survey 2017/18 

 

The federal democratic republic of Ethiopia central 

statistical agency agricultural sample survey 2017/18 

report on area and production of major crops states. 

 

4.1 Basic Assumptions of Decision making  

(1) Conditions of state is uncertain 

(2) Assuming the price of each crop are the same in both 

state of nature (good and poor condition). 

(3) Assuming all crops produce are uses in the country, so 

we take as a priority in each case. 

 

 

 

 

5. RESULTS AND DISCUSSION 

 
Currently Hectares uses and produced crop in the country 

are: total hectares uses in 2016 and 2017 years, 10660660, 

10698734 respectively with deference hectares of 18.86 

and also total produced crops in 2016 year, 258470721 

quintals  and total produced crops in 2017 year 

197528464 quintals with deference 53.5 quintals. But 

there is detail mount of each crop with their hectares in 

each year are locate in the table 2.  

 

 

 



Maximization Profit of Agricultural Crop Production Through Decision Making Application 

 54 

 

 

 

Table 3.  Amount of crops with their hectares in each year 

Price of each crop per quintals and per annual in each 

year.  

In this case it take assumptions as a price of each crops in 

good and poor conditions are the same (Table 3).  

Table 4. Price of each crop per quintals and per annual in each year 

 

Crops 

price/quintal profit/quintal profit/year  profit/year  

in ETB in ETB(poor 

condition and 

good condition) 

in ETB(poor condition) good condition 

Teff 2700 405 20332782000 21397774455 

Wheat 1000 150 6806778450 6964448550 

Maize 700 105 8239533330 881566560 

Sorghum 1200 180 8553772080 9304654500 

Barley 800 120 2429905920 2463595560 

Neug 2300 345 1043390055 1115539560 

Rice 7300 1095 1489207665 1653650385 

Bean 2500 375 3292540500 3456605625 

Pea 2300 345 1201098870 1271390550 

By using decision criteria (maximax, maximin, minimax 

regret) it evaluate and identify which crop produce during 

each criteria depend up on profit gained per year by using 

POM software (Table 4).  

Table 5. Insert data or profit per year of each crop in to POM software in each condition 

 
 

5.1 Maximax criteria (good condition) 

In this case, profit of crops produced in good conditions 

higher than that profit of poor condition, because much 

amount of quintals of crops is produce in that condition 

(Table 5). So using maximax criterion it select the 

maximum of the maximum among exist of the profit.   
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Table 6. Maximax criteria (good condition) 

According to above maximax result Teff has maximum 

profit during good condition (21397770000ETB) (Table 

6). This indicate if produce teff in good condition it get 

high amount of profit rather than others crop.  

But in this case, not only selecting teff crops and omit the 

others because in the country it uses those the rest crops 

so it considering all the crops according to their maximax 

priority (orders). 

Table 7. Based on maximax criteria and taking priority 

Crop teff wheat maize sorghum barley neug rise bean pea 

maximax  213977

70000 

 

696444

9000 

82395340

00 

93046550

00 

24635960

00 

11155400

00 
16536500

00 
 

34566060

00 
 

12713910

00 

Priority  1 4 3 2 6 9 7 5 8 

Then cording to maximax criteria, it ordered the crops 

generating profit   1st: Teff , 2nd : Sorghum, 3rd : Maize, 

4th: Wheat, 5th: Bean, 6th :Barley, 7th : Rise  8th: Pea  9th:  

Neug  (Figure 1).

 

 
 

Figure 1. Order of crop according to maximax value 
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5.2 Maximin criteria or optimistic air condition   

In maximin, it maximize the minimum profit, in this case 

maximize profit generated during poor condition, because 

it is low profit than good condition (Table 7).  

Then according to maximin criterion Teff has high profit 

(20332780000ETB) rather than the other in poor 

condition.  

 

  
 

Table 8. Maximin criteria or optimistic 

Also in this case, depend on maximin criterion in poor 

condition not producing only Teff crops and not leave the 

rest crops. Because all crops are uses in the country, so it 

taking priority for producing the crops in poor condition 

in order to generate high amount of profit (Table 8).   

Then according to above maximin tables it order crops 

produce in poor conditions (Figure 2). 

 

Table 9.  Based on maximin taking of priority for each crop 1st: Teff, 2nd: sorghum, 3rd:  wheat, 4th: Pea, 5th: barley, 6th: 

Rise, 7th: bean, 8th: neug,  9th: Maize 

Crop teff whea

t 

maize sorghu

m 

barley neug rise bean pea 

maximin 2.03E

+10 

6.81E

+09 

8.82E+0

8 

8.55E+0

9 

2.43E+0

9 

1.04E+0

9 

1.49E+09 3.29E+09 1.2E+09 

Priority  1 3 9 2 5 8 6 7 4 

 

Figure 2. Order of crop according to their maximin values  
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5.3 Minimax regret  

In minimax regret is in order to identify the amount of 

regret in both good and poor condition by losing amount 

of profit in each crops produced in each year (Table 9). 

Then in order to maximize the profit it should be minimize 

the regret amount of each crops. In this case take priority 

regret of each crops from lowest regret to highest regret 

because lowest regret indicate existence of high profit and 

high regret it shows existence of lose.  

According to minimax regret Teff crop has selected with 

0 regret. But give the regret priority for crops, because all 

crops are uses in the country (Table 10, Figure 3). 

Table 10. Minimax regret criteria 

 

Table 11. Based on minimax regret taking of priority for each crop Then: 1st: teff, 2nd: sorghum, 3rd: wheat, 4th: bean, 5th 

Barley, 6th: rise. 7th: pea, 8th: neug,  9th: maize  

Crop teff wheat maize sorghum Barley neug rise bean pea 

Minima

x regret 

value 

0 14433320

000 

20516

20000

0 

1209312

0000 

1893417

0000 

2028223

0000 

19744120

000 

17941160

000 

2012638

0000 

Priority  1 3 9 2 5 8 6 4 7 

 

Figure 3. Order of crop according to their regret value (from smallest to highest regret value) 
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5.4 Hurzwiz criteria  

In this by taking some probability (0 to 1) for good and 

poor conditions for profit of each crops, then evaluate the 

profit of each crops.  

 

 

Generally, in order to maximize profit of each crop it 

should be minimize loss of each crops by producing 

according to bellow orders in both condition. 

 

 

 

Table 11. Maximax criteria (good condition) 
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6. CONCLUSION 

 
Depend on decision criterion, we give priority for 

production of crops in order to maximize profit (Table 

11): during maximax criteria 1st: Teff , 2nd : Sorghum, 3rd: 

Maize, 4th: Wheat, 5th: Bean, 6th :Barley, 7th : Rise  8th: 

Pea 9th:  Neug Maximin criteria:  1st: Teff, 2nd: sorghum, 

3rd:  wheat, 4th: Pea, 5th: barley, 6th: Rise, 7th: bean, 8th: 

neug, 9th: Maize and Minimax regret: 1st: teff, 2nd: 

sorghum, 3rd: wheat, 4th: bean, 5th Barley, 6th: rise. 7th: 

pea, 8th: neug, 9th: maize 1st: teff, 2nd: sorghum, 3rd: wheat, 

4th: bean, 5th Barley, 6th: rise. 7th: pea, 8th: neug, 9th: maize    

this indicate produce the much amount of Teff greater 

than the other and  then produce according to their 

sequence  by reducing amount of their production.  

Generally, in order to maximize profit of each crop it 

should be minimize loss of each crops (minimum regret) 

order by producing according to bellow orders in both 

condition. 
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