Case Report
Volume 10:12, 2022

Journal of Phylogenetics & Evolutionary Biology

ISSN: 2329-9002 Open Access

Decision Making Under Uncertainty in Production of Crop
Case Study: Maize Crop Production at Adet Werda

Aregawi Yemane®, Alehegn Melesse?, Ephrem Gidey? and Amare Matebu?

Department of Industrial Engineering, Bahir Dar University, Bahir Dar, Ethiopia

2Department of Industrial Engineering, Addis Ababa Science and Technology University, Addis Ababa, Ethiopia

Abstract

In the decision making under uncertainty individual decision makers must choose one of a set number of decision alternatives with ample or given
information about their outcomes, but most of the times, have not enough knowledge or data about the probabilities of the given state of nature.
This paper focuses on the maxi max, maxi min, mini max, regret and realism criteria. The different approaches were analyzed and compared in a
case study of variety of maize production volume at Addet Woreda. The main problems that have faced in Adet Wereda the research center do not
use alternative production strategies to produce maize variety products. Due to this problem the center may loss the production volume and quality
of the product. To solve this problem, different decision making under uncertainty tools were used to optimize the production volume gain per year.
The aim of this paper is to introduce decision making under uncertainty to optimize the course of action from the given alternatives on variety of

maize production volume at Adet Wereda research center.
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Introduction

The success or failure that an individual or organization experiences,
depends to a large extent on the ability of making appropriate decisions.
Making of a decision requires an enumeration of feasible and viable
alternatives (courses of action or introduction to decision analysis feasible
and viable alternatives (courses of action or strategies), the projection of
consequences associated with different alternatives, and a measure of
effectiveness (or an objective) by which the most preferred alternative is
identified. The field of decision analysis provides a framework for making
important decisions. Decision analysis allows us to select a decision from a
set of possible decision alternatives when uncertainties regarding the future
exist. The goal is to optimize the resulting payoff in terms of a decision criterion.
Decision analysis provides an analytical and systematic approach to the study
of decision making.

Making decisions at both personal and organizational level can be made
with some difficulty. In this case decision maker should understand the path
for each action through preparation of systematic methods of analyzing the
various situations. This research concerned with decisions under uncertainty,
the decision maker should:

«  Gather necessary information to design course of actions
« List all events that may occur
«  Take assumptions

» Describe consequences resulting from the various courses of action
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« Determine the probability of an uncertain event occurring

In Ethiopia, maize grows from moisture stress areas to high rainfall areas
and from low lands to the high lands. It is largely produced in western, central,
southern, and eastern parts of the country. In 2012/2013 cropping season
2013044.93 hectares of land was covered with maize with an estimated
production.

In our country maize is produced mainly for food, especially in major
maize producing regions particularly for low income groups, it is also used as
staple food. Maize is consumed as “injera”, porridge, bread and “nefro”. It is
also consumed roasted or boiled as vegetables at green stage. In addition to
above, it is used to prepare local alcoholic drinks known as “tela” and “arekie
or caticala”. The leaf and stalk are used for animal feed and also used as
industrial raw material for oil and glucose production.

In order to analyses this situations commonly used decisions making
models under uncertainty were used. These are:

»  Maxi max or Mini min [EM-20-8776;
»  Maxi min or Mini max [EM-20-8776;
« Equally likely
«  Criterion of realism
e Criterion of regret

Statement of the problem

Agricultural sector in Ethiopia is the backbone of the country’s development.
Ambhara region agriculture research institute is one of the research centers to
conduct researches to increase the production variety and volume in different
area.

Among those areas, Adet Wereda is one of the research centers. The
researchers have selected for the purpose conducting this paper. In that area
different crop products are cultivated. The researchers have selected maize
variety for this paper.

The main problems that have faced in that area are: In Adet Wereda the
research center does not use alternative production strategies to produce
maize variety products. Due to this problem the center may loss the production
volume of that area. To solve this problem, different decision making under
uncertainty tools were used to optimize the production volume gain per year.
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Research questions

« What are the major decision alternatives in decision making under
uncertainty in variety maize production in Adet Wereda?

« What optimization models commonly used decisions making under
uncertainty for the variety maize production volume on different
rainfall range?

Objective of the study
This paper has two objectives general objective and specific objective.

General objective: To optimize the course of action from the given
alternatives on variety of maize production volume at Adet Wereda research
center.

Specific objective: To evaluate the variety of maize production volume
using decision making under uncertainty tools.

« To prioritize the variety of maize production volume for the given
situation.

« To decide the best strategy depending on the situation.

Case Presentation

To conduct this paper the researchers follow different methodologies to
collect necessary information and data.

Primary data collection

Discussion was made with ARARI director and Adet Wereda research
center of crop production managers to collect information about the different
types of crop products and the environmental situations (Table 1).

Secondary data collection

Annual planed and actual production volume reports of maize variety per
hectare under different environmental condition. After collecting the data then
selecting the necessary tool to analysis the data is a critical thing. Decision
analysis employs a diversity of tools to estimate all important information to
support the decision making process. A model is developed to characterize
analysis, and originated a suggested course of action. Decision making under
uncertainty, as under risk, involves the (random) states of nature. Specifically,
the payoff matrix of a decision problem with m alternative actions and n states
of nature can be represented as: The element ai represents action | and the
element Sj represents state of nature j. The payoff or outcome associated with
action ai and state Sj is P (aj, Sj).The difference between making a decision
under risk and under uncertainty is that in the case of uncertainty, the probability
distribution associated with the states Sj, j=1, 2, ..., n, is either unknown or
cannot be determined. This lack of information has led to the development of
the following criteria for analyzing the decision problem: In order to analyses
this situations commonly used decisions making models under uncertainty
were used. These are: maxi max or minimin, maximin or minimax, equally likely
and criterion of realism criterion of regrets and compared in the case study
of production volume of maize variety. The analyses were made on annual
production volume of average of eight years for each type of maize variety
and evaluate each alternative then to decide the best strategy depending on
the situation.

Table 1. The payoff matrix of a decision.

Alternative actions whose payoffs depend on

State of s1 s2 $3 e sn nature
Course of actions

al P(al1,s1) P(a1,s2) P@1,s3) ... P(al,sn)

a2 P(a2,s1) P(a2,s2) P(@25s3) ... P(al,sn)

a3 P (a3, s3) P(a3,s2) P@3,s3) ... P(al,sn)

am P (am, s1) P (am, s2) P(am,s3) ... P (am, sn)
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Basic assumptions
The following assumptions should be considered to analysis the data.

« Allmaize type planting date, crop density, fertilizer amount and timing,
weed and pest control strategies to be similar

»  Seed rate to be constant 25 kg. per hectare
» Constant sales price for each maize variety.

Weather is one of the key components that control agricultural production.
In some cases, it has been stated that as much as 80% of the variability of
agricultural production is due to the variability in weather conditions, especially
for rain fed production systems [1]. Climate variability is one of the main sources
of uncertainty and risk in many agricultural systems around the world [2].

Indeed, agriculture has been described as the most weather- dependent
of human activities and most production decisions directly or indirectly
involve a consideration of this factor. Because farmers usually do not know
what climate to expect in the following growing season, they have evolved
conservative cropping strategies that not only may fail to capitalize fully
on beneficial conditions but also frequently buffer poorly against negative
effects [3].The complex pattern illustrates the dynamic, iterative nature of
decisions, which are subject to continuous revisions in response to updated
information and. Making a decision implies that there are alternative choices
to be considered, and in such case the researchers want not only to identify
as many of the alternatives as possible but also to choose the one to be best
fits to the researcher goals, objectives, desires, etc [4]. Scientific interest in
using crop models at regional and global scales for large-scale assessment
of agricultural systems has drawn attention to generic, simplified crop models
[6]. The element ai represents action | and the element Sj represents state of
nature j. The payoff or outcome associated with action ai and state Sjis P(aj,
Sj).The difference between making a decision under risk and under uncertainty
is that in the case of uncertainty, the probability distribution associated with
the states Sj, j =1, 2, ..., n, is either unknown or cannot be determined [6].
This lack of information has led to the development of the following criteria for
analyzing the decision problem:

Laplace (equally likely decision) criterion: The Laplace criterion is
based on the principle of insufficient reason.

Maximax or minimin: This is optimistic type of decision making method in
this model the most maximum is selected among the maximums of production
strategies [7].

Maximin minimax: This is a pessimistic approach. It suggests that
the decision maker examines only the minimum payoffs of alternatives and
chooses the alternative whose outcome is the least bad.

Criterion of realism (Hurwitz): It is one of criterions used to select
the minimum and the maximum payoff to each given action. Instead of
assuming total optimism or pessimism, Hurwitz incorporates a measure of
both by assigning a certain percentage weight to optimism and the balance to
pessimism. Using o and 1-o as weights; o represents the index of pessimism
and the alternative with the highest average selected. The index « reflects the
decision maker’s attitude towards risk taking.

H (Ai)=a (row maximum)+(1-o) (row minimum)-for positive-flow payoffs
(profits, revenues).

H (Ai)=cr (row minimum)+(1-c) (row maximum)-for negative-flow payoffs
(costs, losses).

Criterion of regret (savage criterion): Minimax criterion examines the
regret, opportunity cost or loss resulting when a particular situation occurs
and the payoff of the selected alternative is smaller than the payoff that could
have been attained with that particular situation. The regret corresponding to
a particular payoff Xij is defined as Rij = Xj(max) — Xij; where Xj (max) is the
maximum payoff attainable under the situation Sj.

This definition of regret allows the decision maker to transform the payoff
matrix into a regret matrix [8].
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Data collection and analysis data collection

Using data collection methods mentioned above, the following data were
collected.

The variety of maize and its correspondence rain fall with its production
volume for eight years average (Table 2).

Data analysis

This table shows the variety of maize and its correspondence rain fall with
its production volume.

Laplace criterion or criterion of rationality: This also known as equal
probabilities criterion or criterion of rationality; since the probability of states
of nature is not known it is assumed that all states of nature occur with equal
probability, i.e. assign an equal probability [9]. This method is summarizing as:

» Determine expected value for each alternative; if n denotes the
number of events and p’

- ‘s’ denote the payoffs, then expected value is given by
e 1/n(pl+p2+p3+...+pn)

» Choose the alternative that yields the maximum value of p. Sine n=6,
then (E.V) BH546 50+40)=55.83 (E.V) PAC781 45+42)=53.67 (E.V)
BH547 (E.V) galaxy 40+38)=52.5 (E.V) CPS.6 90+85)=62.17 (E.V)
CPS.10 40+30)=52.5

Maxi max criterion or criterion of optimism: This criterion provides the
decision maker with optimistic criterion. This method is summarizing as follow.
Locate the maximum payoff values corresponding to each alternative (Table
3).

« Locate the minimum payoff values

« Corresponding to each alternative (or course of action or strategy),
then Thus the maxi max payoff is 90 Select an alternative with
maximum corresponding to the alternative payoff value [10].

Maxi min criterion or criterion of pessimism: This criterion provides the
decision maker with pessimistic criterion. The working method is summarizing
as follow (Table 4).

Thus, the Maxi min payoff is 42 corresponding to the alternative PAC781
and BH547.

Hurwitz criterion or criterion of realism: Also called weighted average
criterion, it is a compromise between the maxi max (optimistic) and mini
max(pessimism) decision maker to take in to account both maximum and
minimum for each alternative and assign them weights according to his degree
of optimism or pessimism [11]. This method is summarizing as follow:

« Choose an appropriate, o so that (1-)

- ) represents degree of pessimism

+  Determine the maximum as well as the of each alternative and obtain :
e H=c*maximum+ (1- o)*minimum, for each alternative.

« Choose the alternative that yields the maximum value of H.

«  We have to estimate the value of o is equal to 0.7 because when the
manager of the institute told us averagely the ratio of their plan and
their actual output is 100:70 respectively. So that we can conclude o
value is equal to 0.7.

H (BH546) =0.7*70+.3*40=61

H (PAC781) =0.7*66+0.3*42=58.8 H (BH547) =0.7*78+0.3*42=67.2
H (galaxy) =0.7*70+0.3*40=61 H (CPS.6) =0.7*90+0.3*25=70.5

H (CPS.10) =0.7*68+0.3*40=59.6

Thus according Hurwitz criterion, the research center will choose
alternative CPS.8.
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Mini max criterion or minimum regret criterion: This criterion is also
known as opportunity loss decision criterion or mini max regret criterion. This
method is summarizing as follow:

Determine the amount of regret corresponding to each alternative for each
state of nature. The regret for j" event corresponding to i alternative is given
by: i regret = (maximum payoff-i" payoff) for j event.

«  Determine the maximum regret amount for each alternative.

» Choose the alternative which corresponds to the minimum of the
maximum regrets (Table 5).

The research center minimizes its regret to 35 by selecting BH547 (Table
6).

Table 2. Variety of maize and its correspondence rain fall with its production volume for
eight years average.

Annual rain fall in mm?

Variety of Maize <=500 500-600 600-800 800-1000 1000-1200 >=1200
BH546 55 70 65 55 50 40
PAC781 50 62 66 57 45 42
BH547 42 70 78 71 55 51
Galaxy 50 70 64 53 40 38
CPS.6 25 38 60 75 90 85
CPS.10 68 72 56 49 40 30

Table 3. Maxi min criterion or criterion of optimism.

Variety (in State of natures (rain fall in mm?) .
; Maximum row
quintal)  <=500 500-600 600-800 800-1000 10001200 >=1200
BH546 55 70 65 55 50 40 70
PAC781 50 62 66 57 45 42 66
BH547 42 70 78 71 55 51 78
Galaxy 50 70 64 53 40 38 70
CPS.6 25 38 60 75 90 85 90
CPS.10 68 72 56 49 40 30 68
Max - - - - - - 90
Table 4. Maxi min criterion or criterion of pessimism.
Minimum
Variety (in quintal) State of natures (rain fall in mm3) row

<=500 500-600 600-800 800-1000 1000-1200 1200

BH546 55 70 65 55 50 40 40
PAC 781 50 62 66 57 45 42 42
BH547 42 70 78 71 55 51 42
Galaxy 50 70 64 53 40 38 40
CPS.6 25 38 60 75 90 85 25
CPS.10 68 72 56 49 40 30 40
Max - - - - - - 42

Table 5. Mini max criterion or minimum regret criterion.

Variety (in N Maximum
quintal) State of natures (rain fall in mm3) row
<=500 500-600 600-800 800-1000 1000-1200 1200

BH546 13 2 13 20 40 45 45
PAC 781 18 10 12 18 45 43 45
BH547 26 2 0 4 35 34 35
Galaxy 18 2 14 22 50 47 50
CPS.6 43 34 18 0 0 0 43
CPS.10 0 0 22 26 50 50 50
Minimum - - - - - - 35
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Table 6. Summarized results of alternative decision making models.

Aggregate value (Quintal per

Decision models Analysis Selected alternatives
hectare)
Laplace criterion CPS.6 62.17
Maxi max criterion CPS.6 90
Maxi min criterion PAC781, BH547 42,42 respectively
Hurwicz criterion CPS.6 70.5
Regret criterion BH547 35

To select the best strategy for maize variety production in Adet Wereda
research center the aggregate value obtained in each maize variety production
strategies is considered.

BH546=0

PAC781=42

BH547=42+35=77

Galaxy=0
CPS.6=62.17+90+70.5=222.67
CPS.10=0

From the above aggregate values the most profitable production of maize
variety is CPS.6.

Therefore, this type of maize must be selected for the Adet Wereda
research center to increase the production volume [12-15].

Conclusion

Decisions under uncertainty, the decision makers have to select one of
stated alternative course of action with the extended information about their
profitability, outcomes, and costs, earn financial results. This paper describes
decision making process under uncertainty of rain fall variation with annul
production volume of variety of maize in Adet Wereda. The decision making
models under uncertainty are Laplace criterion, maxi max criterion, maxi min
criterion, Hurwicz criterion and regret criterion were used and compared in
the case study of production volume of maize variety. The analyses were
made on annual production volume of average of eight years for each type
of maize variety and evaluate each alternative. The alternative five (PCS.6)
is recommended to cultivate in that area, where the research center should
produce the PCS.6 type of maize to get maximum production volume annually.
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