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Abstract

The dairy business and industry in Oman grapples with complex challenges,
from wavering milk prices and escalating input costs to ever-shifting market
dynamics; all factors that can significantly impact business profitability and
stability. The supply chain disruption due to COVID-19 pandemic and re-
gional market system resistance was also investigated. Dairy business must,
therefore, implement potent strategies to enhance cash flow and safeguard fi-
nancial viability and move to market system resilience. This article delves into
key methods designed to analyze dairy business risk assessment and market
dynamic channelings and efficiency to boost profits in dairy operations and
improve cash flow management. The study applied Stochastic Monte Carlo
Simulation Budget and scenarios approach to calculate market risk primum
and reform market strategies and align them with acceptable risk tolerance
comfort level of the stakeholders’ perceptions. Three production levels, prod-
ucts mix models, were tested under two different scenarios to verify corona-
virus impact and to measure market risk and corporate system resilience. The
net profit probability distribution skewed to the left for all models in the study
and 5% net profit probability distribution of Country sale shift from RO
(318Kk) loss in year 2020 to RO 230k profit in 2023. The analysis shown that
Country sale has resilience ecosystem recovery although coronavirus crisis re-
sults in a complete lockdown continued for 10 months in 2020 and could
achieved stability in year 2023. The cumulated distribution function (CDF)
graph was constructed to quantify market risk and indicate the range and
shape of profit probabilities distribution for six different production volumes
and marketing alternatives. The stochastic efficiency with respect to a function
(SERF) analysis used to calculate certain equivalent (CE) figures to rank alter-
native market’s scenarios under uncertain situations. The analysis showed
dairy business net profits in 2023 are sustainable alternatives than COVID-19
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year in 2020, and Factory Area are better and stable market region than Capital
Area. Tornado sensitivity analysis showed that products unit cost, followed by
reginal market demand and market incentives, are highly sensitive to profit in
integrated complex system. Quadrant analysis was performed to understand
dairy products market shares and market growth potential and accordingly
management could develop comprehensive market strategies to achieve busi-
ness objectives. The risk premium value for total Country sales in 2020 and
2023 recorded a CE of RO 707,490 for risk neutral decision makers and re-
duced to RO 443,459 for extreme risk averse decision makers. The Factory
Area market risk premium value for year 2020 and 2023 record CE of RO
258,785 for risk averse decision maker and increased to 396,253 for extreme
risk averse decision maker and confirmed Factory Area as a market system
resilience. Stop Light chart for lower and upper target net profit value con-
structed to rank dairy market efficiency. The total country business achieves
98% profit above upper target profit RO 100 thousand after supply chain dis-
ruption settlement compared to 29% during COVID-19 period. The analysis
showed total country sales achieved consistent and reliable financial sustaina-
bility and market recovery efficiency and system resilience capacities. In addi-
tion to finance and operations risk management, the corporate should include
resilience in the central of organization strategic process and move from risk
reporting to more advanced foresight capabilities and adopt comprehensive
strategic prospective to meet challenges of next disruption over the horizon.
Understanding risk statistical measures is essential for making informed deci-
sions in dairy business and risk management, as they provide insights into the
behavior of profit distributions and the associated risks.

Keywords

Dairy Market Volatility Risk, Stochastic Efficient with Respect to Function
(SERF), Certain Equivalent (CE), Market Risk Premium Analysis, Monte
Carlo Simulation, Absolute Risk Aversion Coefficients (ARAC), Profit
Sustainability, Ecosystem Resilience and Stability, Risk Tolerance

1. Introduction

This template, Dairy industry now a days face a lot of challenges in operation,
supply chain disruption and marketing dynamics challenges. Oman’s dairy indus-
try depends on feed material, machinery and medicine import from outside and
any supply chain disruption impact operation efficiency. The dairy market in
Oman characterized by high demand for quality dairy products and estimated by
268,182 tons derived by steady population growth, high income and changing in
dietary preference. The dairy sector in Sultanate of Oman produced 236,000 tons
in year 2023 compared to 224,000 tons in year 2022 with annual growth 5.4%, as
per MAFWR report 2023, [1]. Dairy farms feed the cows with high cost of feed
concentrates made from raw material, premix and vitamins imported from out-

side and imposed to price variation and cost increased due to shift from bulk to
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container shipping during COVID-19 crisis. Dairy business encompasses various
critical stages such as farm operation, supply chain disruption, milk processing
units, cold transportation and long route market distribution channels and retail
which had been interrupted. Dairy products and their derivatives are perishable
and require strict storage conditions and efficient distribution network manage-
ment. The short shelf life of fresh milk products with (5 - 7) days expiry is one of
main challenges in dairy business and increase unit cost during COVID-19. This
type of business is exposed to risk and creates low net profit as main raw materials
and technologies imported from outside and exposed to high capital cost, supply
chain disruptions, operation constraints and sale price uncertainties. Moreover,
marketing challenges and cheap dairy products imported from different conti-
nents and sold at low prices create high pressure for dairy business economic sus-
tainability. The dairy unit cost increase, market dynamic and uncertainty, and sale
revenue volatility remain challenging and jeopardize dairy business to achieve
sustainable growth.

The adaptation of the new dairy I5.0 technology is a promising opportunity.
Malik, M. et al 2025, [2] outlines operational efficiency, productivity, animal
health and product quality, sustainability and environmental impact are the main
tools to achieve business sustainability. This study revealed that operation effi-
ciency and productivity are the main significant factors impact on adoption of the
new I5.0 technology. In addition to I5.0 technology adaptations and practices the
Country face supply chain disruption due to COVID-19 crisis. The global supply
chain disruption started in early 2020 and complete lock-down in most of the
countries including Oman experienced by the first half of 2020. Moreover, inter-
national situation and Ukraine Russian conflict increased feed raw material price
and impact on food security, as highlighted by Christiana Ukaoha, 2023, [3];
Kheiry Ishag 2024 [4] and Ben Hassen, et al. 2025, [5]. Market volatility and un-
certainty factors and risk parameters in dairy business are the main challenges for
business owner to make informed and good decisions and need to be analyzed,
said Danilo Simdes et al 2014, [6]. Dairy farming at costal area of Sultanate of
Oman uses colling systems in summertime to avoid heat stress problems and farm
net profit reduction. Although new control houses reduced mortality rates in
summertime, cow daily milking yields decreased and feed consumption ineffi-
ciency are still observed and created marketing challenges, (Kheiry Ishag 2020 [7];
Chen L. et al 2024, [8]) investigated heat stress effect on decreased dry mater in-
take, energy corrected milk, and milk protein concentration, and reveal significant
association of these factors with increasing temperature humidity index (THI).
He calls for the implementation of mitigation strategies in heat-stressed herds due
to the substantial decrease in productivity. Regional market risk in terms of prod-
ucts consumption preference in various regions, complicated distribution routes
network, promotion, and per capita consumption for each region incorporated in
study models as alternative risk scenarios.

This study investigated dairy yield volatility risk and its effect on market de-

mand and business net profit by using Monte Carlo Simulation analysis. Although
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it is not possible to predict future accurately, simulations analysis allows us to cre-
ate risk profiles by generating a large number of iterations, including extreme sce-
nario cases, such study allow us to identify the effects of marketing and unit cost
factors variation on dairy business profitability in term of probabilistic way, (Al-
bright and Winston, 2019, [9]; Lehman and Groenendaal, 2020, [10]). With the
right strategy, tools and approach, businesses can turn what appears to be a poor
dairy market situation into greater profitability and improve market positioning
in the long term.

Supply chain disruption is one of dairy business risk assessment factors identi-
fied in this study to understand the impact of global and macroeconomic uncer-
tainty on business production volume level and products sale price. The market-
ing uncertain incorporated in this study by using cumulative distribution function
(CDF) to test effect of market sales and quantify risk and uncertainty on profit,
Lima, R., Sampaio, R. 2018, [11]. The market demand for each product mix i.e.
fresh milk, flavor milk, Laban and yoghurt products and sale price discount for
promotion were also incorporated in the study. The risk of poor technical prac-
tices performance and marketing parameters volatility required strategic decision
that covers production and marketing risk and constraints, Chavas et al 2004,
[12]. The study calculated risk premium that compensates for poor dairy business
and market uncertainties and estimates extra return to investors over risk free
business cash flow and quantified risk premium for different marketing strategies.
The Monte Carlo Simulation models are used as a tool to quantify risk and uncer-
tainty of the related business by many studies (Luiz Silva et al, 2014, [13]; Gray E.
Machlis, et al 1990, [14]; Niloufar M. et al 2024, [15]).

Dynamic models give a range of results that can mitigate and reduce operation
risk and sale revenue decline impacts through a range of uncertain inputs estimate
and generate accurate results for policy advisers and decision makers. The study
used stochastic efficiency analysis to rank dairy business scenarios under different
production level and marketing constrain over a range of absolute risk aversion
coefficient level. Hardaker et al 2004a, [16] structured and used technique of sto-
chastic efficiency with respect to a function (SERF) to rank risk alternatives op-
tions models. Gregory K. et al 2012, [17] also used (SERF) to appraise modified
genetic maize crop in South Africa. Mohammad K. et al 2014, [18] used (SERF)
to rank different beef calving and feeding practices in western Canada. Kheiry
Ishag 2019, [19], used (SERF) and CE figures to rank poultry farming systems and
feeding practices strategies according to feeding cost and feed availability. Stochas-
tic efficiency with respect to function (SERF) technique consists of ranking risky
alternatives in terms of utility function and equal ranking of alternatives with (CE)
certainty equivalents figures. The certainty equivalent (CE) is explained as the sure
sum of return or wealth at present rather than unsure of the high return in future.
Hardaker et al, 2004b, [20] argued (SERF) rank risky alternatives in terms of (CE)
for a defined range of risk aversion simultaneously and not pairwise as in (SDRF).

Irene Tzouramani et.al 2011, [21] used stochastic efficiency with respect to func-
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tion (SERF) to test the economic viability of organic and conventional sheep farm-
ing in Greece and found both sheep farming systems are viable. The (SERF) also
used to compare and rank alternatives at level of decision maker preferences for
different absolute risk aversion coefficient (ARAC), Richardson J. W. et al 2008,
[22]; Khakbazan, M. ef al 2022, [23] use SERF and certain equitant (CE) figures
to rank silage-based feed diet and cattle breading efficiency for beef backgrounding
streets. Risk analysis of agriculture production systems investigated by using sto-
chastic efficiency with respect to function (SERF) in many studies, Lien G., et al
2007, [24]; Ascough II. J. C. et al 2009, [25], and Eihab M. Fathelrahman et al
2011, [26]. The (SERF) technique used in study to assess dairy business sustaina-
bility of different marketing strategies models. Six stochastic models were worked
out to represent net profit distribution function for each marketing alternative
model. Risk premium (RP) analysis performed to measure excess return required
by decision makers to compensate change and shift from market risk-free profit
to potential uncertain future market return. The study identified dairy marketing
alternative strategies according to risk-efficient profit and verified models’ sus-
tainability.

Dairy business entrepreneurship is inherently filled with risks and uncertainties.
However, successful risk-takers possess a unique combination of characteristics
that enable them to navigate dairy business challenges effectively by cultivating
resilience system, adaptability, strong vision, optimism, a willingness to learn, de-
cisiveness, and strong networking skills, entrepreneurs can position themselves
for success in an ever-changing landscape, Baler S. 2024, [27]. Management by
embracing these traits not only enhances their ability to take calculated risks but
also contributes to sustainable business growth and increase resilience capacities.
Using advanced technologies to control and monitor market adaptability and
evaluate supply chain risk management addressed by many studies (Yangxuan Liu
et al, 2017, [28]; Cecilia Nginga Da C. Miranda 2025 ef al, [29]; Armijal, W A
Marlina et al,, 2023, [30]; Rimhanen, K., 2023 [31]).

2. Methodology

The dairy business net profit is calculated to quantify the economic performance
of alternative production level and product mix scenarios that achieve business
sustainability. The conventional normal approach used in business evaluation to
calculate the best estimate available data for cost and revenue for each dairy prod-
ucts level, regional demand and production mix don’t consider business risk. The
single value of net profit generated by conventional methods doesn’t reflect risk
of cost of production, sale product volume and market demand uncertainty. It
doesn’t also reflect reginal market demand environment risk in terms of market
segmentation and range of products sold with different prices and products vol-
ume sold due to COVID-19 crisis supply chain disruption. The (Weibull) dis-
tribution is used to test dairy market risk in terms of volatility and products qual-

ity rejection and supply chain disruptions. The (Weibull) distribution is tested by
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(Bestfit) function in @Risk 8.7 program. Dairy business in this study was exposed
to a significant loss due to sale volume and revenue decreased and considerable
reginal market risk and uncertainty. Price volatility, reginal changing demand for
dairy products and factory locationbased alternative incorporated in study mod-
els. A mixed research method was employed to gather data from primary and sec-
ondary sources and form stochastic budgeting models. Accordingly, the model
was constructed to estimate a range of unit dairy product cost, sale volume decline
and market demand parameters risk and quantify marketing uncertainty and it is
effect on dairy business net profit. The Factory Area population is 462 k with un-
complicated route network distribution whereas Capital Area population 1,703 K
with complicated consumer preference and channels distribution. The dynamic
simulation model-based probability distribution functions of net profit are used
to evaluate risk volatility and economic sustainability and to compare different
market segmentations, products volume, product mix and discount given for each
dairy product to increase net profit and achieve business sustainability. Simula-
tion probability distribution function model built for different regions i.e. Factory
Area and Capital Area and total country sales and profit to test consumer prefer-
ence, dynamic demand and products mix impact on profit. The stochastic budg-
eting and stochastic efficiency methods are used to consider operation and market
risk and uncertainty variables in the model presented in study area. Technical
farming practices such as water and land resources intensive, feed efficiency, cow
yield, and its impact on products production level, market share and market

growth were also investigated in this study.

2.1. Products Cost and Marketing Data

The dairy business data used in this study is collected from primary and secondary
sources and X Dairy Company in Sultanate of Oman. The stochastic budgeting
data includes production level, product mix combination and market sale revenue
for country sales, Factory Area and Capital Area (regional market demand). Cost
of production data and marketing data are also collected to calculate net profit
and test operation performance efficiency under different market scenarios. The
sale of fresh milk, Laban, yoghurt and juices products has a significant impact on
market demand and business profit. The demand shift to high quality products
is a good opportunity for dairy business in Oman if management could meet
regional market specifications and satisfy crucial factors to achieve market po-
tential demands. These factors were studied to understand dairy farm operation
efficiency parameters and thereby enhance customer satisfaction and business
sustainability.

Understanding historical companies’ market share and market potential de-
mand will also help decision makers to optimize business performance. The mar-
ket demands parameters such as customer products preferences, market share and
market growth data were collected and analyzed by using scatter plot analysis. The

Market demand is not fixed, but changes over time and across different market

DOI: 10.4236/jmf.2025.154030

732 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2025.154030

K. H. M. Ishag

segmentation and it represents the maximum potential sales that company can
achieve in the market. The impact of coronavirus which reached Oman on 24
February 2020, and complete lockdown were imposed by June 2020 were evaluated
by using (Weibull distribution) in the model to calculate business net profit for
three regions i.e. total country sale, Factory Area and Capital Area during and

after coronavirus crisis.

2.2. Net Profit Multiple Simulation Models

The Net profit was used as an economic performance indicator for all country
sales, Factory Area and Capital Area sales. The uncertain parameters such as prod-
uct price and cost, production level, sale revenue, incorporated in the model to
calculate margin and business net profit. The net profit calculated by subtracting
the total cost of products from the total sale revenue to obtain simulated business
net profit probability distribution. The model used two-sided Weibull distribution
for forecasting extreme loss at the tail end and conditional Value at Risk business
profit forecasting, prior to as well as during and after the recent COVID-19 crisis.
Two different scenarios are used, and each scenario has three product volumes
and product mix alternatives. The first scenario represented COVID-19 period
2020, potential return within supply chain disruption market conditions, whereas
the second scenario represented market risk, demand volatility parameters and
resilience in market systems. Product cost, sale volume and revenue, and discount
given to sale over products were collected from different sources and included in
the Model. If net profit is a function of both deterministic and stochastic variables,
the resulting outcome gets a range of values instead of a single value obtained in
a conventional deterministic financial evaluation. Net profit for scenarios (1) and
(2) for three market demands, production levels and product cost were con-

structed for each model as per below formula.

2.3. Multiple Simulation Model Equations

N~ Profit 2020 = ("Ya* "Pa + Yb* "Pb + Yc* "Pc+...) — (Co Ya+ Co Yb + Co Yc + ...) Scenario (1)
N~ Profit 2023 = ("Ya* "Pa + Yb* "Pb + Yc* "Pc+...) — (CoYa+ Co Yb + Co Yc + ...) Scenario (2)
where:

N~: Profit Net profit probability distribution for net profit.
“Ya: Fresh milk product stochastic sold in Litr.

“Pa: Fresh milk product stochastic market price RO.

Yb: Flavor product stochastic sold in Litr.

“Pb: Flavor product stochastic market price RO.

Yc: Laban product stochastic sold in Litr.

“Yc: Laban product stochastic market price RO.

Co Ya: Fresh product stochastic cost for sale products.

Co Yb: Flavor product Stochastic cost for sale products.

Co Yc: Laban product Stochastic cost for sale products.
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2.4. Operation and Marketing Uncertain Variables and Simulation
Risk Analysis Model

The study used Monte Carlo simulation model to evaluate risk and uncertain in-
put variables of a model. The model identified and tested the effects of main un-
certain variables on the business performance and net profit. Product mix unit
cost, production volume, market segmentation and demand were tested and eval-
uated by testing two scenarios during coronavirus 2020 and after-market resili-
ence in 2023. The uncertain variables rage determined for main variables in model
by using Standard Deviation (SD) that describes the range of spread uncertain
variables around mean, whereas variable distribution function describe variable
shape and behaviors as pointed in Table 1 and Table 2. The below variables are
used to calculate randomly generated input values taken from the probabilistic
distribution function for each variable. Variable distribution best fit selected by
using (Bestfit) function and presented below. The model merge inputs data to
generate estimated outcome value for each market. The process used @Risk 8.7
program to run simulation net profits for each market segmentation with iteration

of 10 thousand times.

Table 1. Uncertain parameters for products price and cost of production models for year 2020/2023 in RO.

Uncertain Variable Distribution Price 2020 Cost Range 2020 Price 2023 Cost Range 2023
Fresh Milk Risk Pert 0.535 - 0.551 0.455 - 0.500 +3% 0.520 - 0.600
Flavor Milk Risk Pert 0.558 - 0.561 0.520 - 0.550 +1% 0.500 - 0.580

Laban Risk Pert 0.525 - 0.649 0.510 - 0.550 +24% 0.550 - 0.600

Yoghurt Risk Pert 0.547 - 0.624 0.550 - 0.620 +14% 0.600 - 0.650

Juices Risk Pert 0.480 - 0.648 0.535 - 0.690 +35% 0.630 - 0.700

Table 2. Uncertain parameters for products volume, total country and region market sales percentage 20/23.
Regional Sales/000 Litr during 2020 and 2023
Products Distribution Total 20 Factory 20 Capital 20 Total 23 Factory 23 Capital 23

Fresh Milk Risk simtable 14,164 67% 12% 16,449 66% 13%
Flavor Milk Risk simtable 369 24% 24% 577 15% 25%
Laban Risk simtable 5009 23% 13% 7,105 13% 13%
Yoghurt Risk simtable 7934 22% 21% 11,284 21% 21%
Juices Risk simtable 3860 18% 24% 4819 18% 29%

2.5. Products Mix, Production Volume Alternatives and
Marketing Scenarios

Products mix combination and reginal marketing operation plan play a key vari-

able for business performance and net profit. Fresh milk products face challenges
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as a freshable products have a short shelf-life duration and need efficient route
network operation. Cold and refrigerated transportation route network structure
and operation efficiency play a major role in increasing product cost and reducing
business net profit. The impact of high products expiry and increasing supermar-
ket shelf rent rebates on business margin during coronavirus period and after are
investigated.

To compare economic performance of alternative production and market seg-
mentation, model assumptions determined variables that would change from one
scenario to another to identified decision’s variables. Different production and
market uncertain variables values for each scenario modelled with (RiskSimtable)
functions. The Multiple Simulations Function is run by using @Risk 8.7 program
to pick up production and marketing variable value for each simulation model.
COVID-19 crisis scenario analysis used as holistic approach to test market risk

and to assess system resilience capacities in a downturn time.

2.6. Stochastic Efficiency with Respect to a Function (SERF)

Simulation model is used to investigate dairy business and marketing alternatives
strategies, and formal marketing channels supports policy to be introduced by
Government Authorities. The risk management failure could be measured in fi-
nancial terms of getting a negative Net Profit. A stochastic efficiency model per-
formed to compare the Net Return for two scenarios and three models for each
scenario. Stochastic efficiency with respect to a function (SERF) is used to rank
the risky alternatives simultaneously with different risk aversion preferences. Risk
Premium is also calculated by subtracting CE Certainty equivalent for less pre-
ferred dairy business and market policy alternative from dominant alternative.
Given a utility function u(0), a random wealth variable X, and an initial level of
wealth w0, the certainty equivalent equation used in the models is:

CE = u—1{E[u(X + w0)]} — wO.

The risk premium measures the minimum amount of money that needs to be
paid to decision maker to justify a switch from present marketing strategy to an-
other less risky alternative. The model simulated the costs and returns for keeping
and maintaining dairy business under different market strategies. The Net Return
is calculated and probability distributions generated by the simulation model. The
model used to rank the best alternative policy across a full range of RACs. The
study finally performed CE analysis to estimate premium price should be given to
business stakeholders to keep their dairy business at a less risky business system

and utilize resources in a sustainable manner.
3. Result and Discussion

3.1 Dairy Production and Marketing Comparative Analysis

The present study aimed to compare production parameters data for year 2020
and 2023 such as sale volume and sale revenue and market segmentation for each

market region. The total country’s sale volume for 2023 increased by 28%, Factory
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Area by 14% and Capital Area by 39% compared to year 2020. The total country
sale revenue for 2023 increased by 46%, Factory Area by 30% and Capital Area by
54% compared to year 2020. The data analysis confirmed that Capital Area sale
had recovered from lockdown through intensive marketing programs and gener-
ate more sale revenue compared to coronavirus crisis in 2020. While total coun-
try’s sale volume of fresh milk increased and grew by 16% the sale revenue in-
creased by 24.4% and Laban and yoghurt sale volume increased by 41.8% and
42.2% respectively. The total country’s juice products sale volume percentage in-
creased by 24.8% and sale revenue increased by 75.9%. The Capital Area’s sale
volume increased by 39.2% and sale revenue increased by 54.1% with improve-
ment on juices sale revenue increased by 111% and Flavor milk for schools by
94%. The Capital Area market segmentation analysis shows Laban, yoghurt and
flavor milk are more favorable than fresh milk. The market share growth and price
adjustment were the main reasons for margin increase. Marketing risk for regional
policies and profit increase will be quantified by additional risk analysis tools in
this study.

3.2. Dairy Production Volume and Product Mix Net Profit (PDF)
Simulations Analysis

The descriptive statistics analysis was performed to quantify risk and calculate the
net profit of three different regions for year 2020 and 2023. The probability distri-
bution functions (PDF) analysis performed for three levels of production for year
2020 and 2023 to calculate net profit probability distribution during COVID-19
crisis and after. The net profit probability distribution skewed to the left for all
models and 5% net profit probability distribution of country sale shift from RO
(318 k) loss in year 2020 to net profit of RO 230 k in 2023, as shown by Figure 1
and Figure 2. The analysis shown that Capital Area region has low market system
resilience capacity but stable recovery system although coronavirus crisis had a
complete lockdown continued for 10 months in 2020. The market system resili-
ence coped with crisis in terms of market dynamic interactions of persistence, ad-
aptation and transformation.

Net profit simulation analysis performed for three different production vol-
umes and products mix for two scenarios. Scenario No (1) represents year 2020
COVID-19 Crisis with three models, Total Country sale, Factory Area and Capital
Area sales. Scenario No (2) represents year 2023 represents a recovery year with
three regions. The country’s total sale volume increased by 8,898 thousand Liters
and country sale revenue increased by RO 7,088 k. The analysis showed significant
improvement in net profit of total county and Capital Area region and reduction
in Factory Area region net profit with higher standard deviation SD than COVID-
19 crisis period 2020.

The net profits probability distribution functions (PDF) of three production
alternatives are performed to evaluate risk volatility and economic sustainability

for 2020 and 2023. The economic performance simulation analysis of alternative
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production and marketing strategies and risk factors identification showed that
low standard deviation (SD) and net profit range of RO (249,098) for Capital Area
2020 compared to higher standard deviation (SD) and a wide range of net profit
RO (303,301) for year 2023 as presented in Table 3 below. This analysis showed
that Factory Area is more stable due to low cost of route network operation com-
pared to Capital Areas and more competitors interfering with market risk man-
agement. Market risk management can improve business opportunities by pro-
ducing quality value products such as Laban and yoghurt rather than increasing

Statistics ~
Profit Opien1  Opton2 | Opton3
Simulation PDF for 3 Production Level Total , Factory and Capital Area 2020 Al £05 £65 E5)
318 it Vinimum | Se90566.54  $92,19002 429661592
Maxmum | S695.95550  S656,59.25  $33.708.63
5.0% 90.0% 5.0% Mean | -S140s35  sa30sms 12573120
0_00/o 5.60/0 94.40/0 90% CI +$2,987.89 +$1,488.89 +$892.76
Mode -$11,411.11 $450,536.57 -$87,660.12
. 0.00/0 0.00/0 Median -$9,529.34 $437,149.39  -$114,812.00
Std Dev $181,633.74 $90,509.66 $54,270.77
Skewness -0.1043 -0.4240 -0.5814
] urosis 203 2sm2 27519
Values 10000 10000 10000
Errors 0 0 0
os o Filtered 0 0 0
LeftX | -$317,684.52 -$317,684.52 -§317,684.52
Left P 5.0% 0.0% 0.0%
| Right X $277,467.31 $277,467.31 $277,467.31
Right P 95.0% 5.6% 100.0%
Dif. X $595,151.83 $595,151.83 $595,151.83
b Dif. P 90.0% 5.6% 100.0%
% Swsia029 S19653020 §25,11090
H 2.5% -§379,784.13  $236,628.64 -$243,525.89
i 5% -§317,684.52  $271,557.54  -§228,608.02
W seee71os  s07591 520930847
W% s6L06047  $35437753 17670869
1 25% -$130,594.61  $371,692.23 -$159,585.94
30% -$104,653.74 $385,742.27  -$144,963.35
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Figure 1. Dairy business net profit PDF for three regions and market segmentation in 2020.
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Figure 2. Dairy business net profit PDF for three regions and market segmentation in 2023.
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Table 3. Statistical result of dairy performance under market uncertain challenges scenario model.

Item Total 20 Factory 20 Capital 20 Total 23 Factory 23 Capital 23
Net Pofit RO (9523) 432,998 (125,034) 697,967 174,213 78,836
Minimum -507712 168,520 —266772 -125291 —280486 -97974
Maximum 464,543 624,218 -17674 1,321,055 444,017 205,327
Profit SD 180,579 88,060 53,645 260,416 151,733 59,739
Ccv —1896 20.337 —42.904 37.311 87.096 75.777
Skewness -0.044 -0.370 -0.498 -0.487 -0.629 -0.461
Kurtosis -0.415 -0.413 -0.372 -0.085 -0.053 -0.529

whole fat fresh milk and increasing market share of undesirable low margin prod-
ucts. Net profit bimodal distribution for Capital Area may explain some custom-
ers group making frequent small purchases from nearby small shops and another
customer group making infrequent large purchases due to coronavirus crisis lock-
down by concern Authority’s.

Although standard deviation (SD) is an attractive measurement to calculate
risk, it is used to measure total risk, which includes the downside and upside tail
end risk, and it is not a powerful tool for differentiation non-symmetric proba-
bility distribution function of production levels’ net profit. The large negative
volatility at downside and business loss movement is harmful and needs to be
investigated and controlled by dairy business team through optimizing produc-
tion level with dynamic marketing activities. Downside risk analysis is performed
in this study to quantify the worst-case loss due to uncertain production and
marketing variables in case of market deterioration and stress situation during
coronavirus crisis. The demand for yoghurt, flavor milk and juices in the Capital
Area was more effective on net profit due to lockdown impact on market demand
and consumer preference of hotel, restaurant, and catering services (HORECA)
channels. Figure 1 and Figure 2 show two scenarios with three different market
regions models of dairy production and marketing sale profit. Production level,
product mix and different marketing strategies modeled to present market seg-
mentation for each region. Figure 1 revealed the net profit distribution functions
(PDF) stimulated three production level and products mix options for 2020 and
showed the probability of achieving 45% profit of country sales and 100% profit
for Factory Area and 99.8% loss for Capital Area during COVID-19 Crisis and
complete lockdown. Figure 2 represents year 2023 and showed the probability of
achieving 99.2% profit of country sales and 86.6% profit for Factory Area and
89% profit for Capital Area after COVID-19 Crisis recovery from complete lock-
down. Marketing competitor analysis was performed to analyze company com-
petitors’ marketing strategies and identify their strengths and weaknesses. The

marketing team-imposed marketing competitor analysis in terms of price, prod-

DOI: 10.4236/jmf.2025.154030

738 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2025.154030

K. H. M. Ishag

ucts mix, market region location and promotion to avoid competitors’ pitfalls
and take advantage of missed opportunities to optimize marketing plan after
coronavirus crisis.

Investors and dairy business decisions makers will depend mainly on stake-
holders’ risk appetite and business risk tolerance to understand which risk to ac-
cept for each market region, and which production level and products mix that
balance between potential benefit and threats according to market dynamic situ-

ation for each region.

3.3. Downside Risk and Tornado Sensitivity Analysis

Downside simulation tornado sensitivity analysis performed to test tail-end dis-
tribution for three production level alternatives and rank uncertain operation and
marketing parameter effect net profit for 2020 and 2023. The sensitivity and tor-
nado analysis for total country sales shows that unit cost of fresh milk, yoghurt,
juices and Laban have high impact on profit followed by demand of fresh milk,
Laban, yoghurt and flavor milk demands during year 2020. On the other hand,
dairy product cost per unit has high impact on profit for 2023 followed by market
promotion for juices and yoghurt products. Operation team should work out a
plan to reduce dairy products unit costs and improve marketing promotion by
marketing team. The marketing strategies should monitor and observe sale reve-
nue of fresh products and control contract expenses such as refrigerated transpor-
tation cost, supermarket shelf rent cost, products expiry and return cost and re-
view product cash flow to prevent unexpected overrun and negative affect on or-
ganization financial health. The production team should monitor unit cost saving
plans for fresh and other products to extend market demand and market shares
and achieve sustainable business growth rate.

Sensitivity analysis performed for Capital Area region and showed unit cost of
juice, yoghurt and fresh milk are the main factors impacted net profit followed by
products demand during COVID-19 Pandemic 2020. In year 2023 after coronavirus
crisis recovery, the capital market area tornado analysis revealed that incentives and
unit cost of fresh milk, yoghurt and juice has a major impact on profit followed by
market promotion, Figure 3. Product demand reduction in the Capital Area during
crisis jeopardized business profit and forced marketing teams to give more incen-
tives and promotions to Capital Area customers to increase demand share and re-
duce losses. Juice sale volume increased by 500 thousand liters, generating addi-
tional RO 464 k sale revenue. Juice products price increase and adjustment market-
ing strategies were the main reasons behind making profit in the Capital Area re-
gion. The competitors’ low pricing strategies are the main problem facing company
market share and growth and unit cost reduction issues need to be monitored and
controlled to enhance profitability in a challenging dairy business landscape.

The strict complete lockdown including commercial activities i.e. Supermarket,
Malles and small shops effect country dairy sale activities and reduce probability of
profit to 48% only. Company business Manager are researching for adequate strat-
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egies for revamping production and marketing patterns to meet consumer demand
at Factory Area. The probability of achieving profit for Factory Area was 100% and
for Capital Area 0.02% only due to broken transportation links and route networks.
Factory Area marketing data were analyzed and reveals unit cost of fresh milk, yo-
ghurt, and Laban are the main inputs that affect profit during and post-COVID-19
pandemic era. The Value at Risk (VaR) model introduced as an objective quantita-
tive measure of downside risk especially when the random payoffs are not normally
distributed with negative skewness (—0.044) and (—0.415) kurtosis. VaR calculates
the worse cause loss and recorded RO (—318 k) for country sales during 2020 with
confidence level of 95%. VaR measures downside risk at various levels of risk aver-

sion level according to decision makers’ willingness and ability to pay for risk.
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Figure 3. Comparison sensitivity analysis for inputs impacts on dairy profit for year 2020/2023.
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3.4. BCG Matrix Tool Analysis and Market Strategy

The marketing team should work out a plan to increase demand for fresh and
value-added products and sign a hedging contract with catering services compa-
nies to mitigate sale price volatility risk. Promotion programs should also carefully
be calculated and monitored to maximize net profit from the sale of leftover prod-
ucts to reduce product expiry through balancing marginal cost with marginal rev-
enue figures. Figure 3 ranks inputs variables and shows quantitative figures’ im-
pact of each variable on target net profit.

Fresh milk is a major cash product represents 45.2% of total production in 2020
and about 40.9% in 2023. The Boston Consulting Group (BCG) Matrix analysis
performed to test fresh milk market demand share and market attractiveness at
different market regions. The aim of the analysis is to identify alternative produc-
tion and marketing strategies of fresh milk on regional market share and products
competitiveness and marketing strength. The scatter plot analysis was performed
by collecting stochastic budgeting data and simulated fresh milk market demand
shares on net profit. Product market demand stress analysis examined low and
high demand reductions effect on net profit revealed high impact on market profit
with market demand reduction. The study performed quadrant analysis to exam-
ined fresh milk market demand compared to profit for three regions during 2020
coronavirus pandemic and after 2023. The different market demand stress posi-

tions also performed by using quadrant analysis and result presented at Table 4.

Table 4. Net profit vs market demand share for fresh milk products and market stress analysis for (2020-2023).

Demand Demand Demand Demand
Item All Value Reduction Reduction Villllle Reduction reduction
70% - 80% 30% - 40% 70% - 80% 0% - 10%
Fresh Milk 2020 Fresh Milk 2023
Mean X (Demand) 000 16,217 16,285 16,173 16,217 16,285 16,066
SD X 93,650 9,555 7774 93,651 9555 20,444
Mean Y (Profit) RO —-11402 —26849 1640 698,261 708,675 686,633
SDY 183,778 187,502 182,170 256,656 260,044 259,484
Correlation Pearson 0.0018 0.031 -0.0049 0.0113 -0.0203 -0.0328
Quadrant I 24.6% 47.6% 00.0% 26.2% 55.2% 0.0%
Quadrant IT 26.5% 00.0% 53.1% 27.7% 00.0% 52.9%
Quadrant III 25.0% 00.0% 46.9% 23.8% 00.10 47.1%
Quadrant IV 23.9% 52.4% 00.0% 22.3% 44.8% 0.0%

Quadrant analysis is a business strategic tool used to evaluate organization
products’ strategical position to build effective market strategy. The analyses di-

vide data into three marketing regions based on two situations during and after
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COVID-19 era. By visualizing the relationships between fresh milk demand and
profit in a scatter chart, marketing team can better understand the dynamics of
their products and make right adjustments to reduce risk while maintaining a sat-
isfactory level of company profit. The company also can understand COVID -19
supply chain disruption impacts and form strategies to overcome crisis. Under-
standing the elements and characters of each dairy products and combination
within the market region will enhance decision makers process and achieve or-
ganization objectives. Understanding investor and stakeholders risk tolerance ap-
proaches are essential in determining dairy business strategies with business ob-
jectives.

Fresh products showed high market demand share and potential profit growth.
It is cash cows generated products and needs to be supported by the marketing
team to maintain healthy financial. The fresh milk leveraged its strong presence
in local Factory Area market through retail and grocery stores and home delivery
for year 2020 and 2023, whereas a sharp market decline observed for fresh milk in
Capital Area market starting from April 2020 onwards due to coronavirus lock-
down. Capital Area market struggles with limited products variety, quality and
price competition with mass-produced big dairy brands companies. Value added
products such as Laban, yoghurt and juices showed low market shares and low
growth, and Mangment should invest to increase potential growth and sustain
profit growth. The stress analysis confirmed that fresh milk (is cash cow) and de-
mand reduction has a significant negative impact on total country’s sale net profit
and Capital Area regions’ net profit.

The fresh products exposed to unstable potential larger return risk despite the
possibility of substantial and significant losses. The risk management decision
making process can lead to significant stress and challenges during market down-
turns and complete lockdown restrictions due to pandemics. The Capital Area
market record expiry of fresh products of 337,746 Liters and 23% of total country
expiry in 2020 and reduced to 241,100 Liters and 17% of total country expiry in
2023 due to lockdown procedures during coronavirus pandemic. The strategies
for fresh products, high risk and uncertain challenges should include market di-
versification and increase yoghurt and Laban sale during Ramadan time to avoid
high loss of expiry and short duration of shelf live. While low risk tolerance prod-
ucts such as flavor milk market strategy should balance market stability and
growth. Both operation and market risk measures and quantification enabled or-

ganization to address new marketing strategies and fresh products repositioning.

3.5. Net Profit Bimodal Distribution and Downside Risk
Management

The net profit frequency distribution shape is one of important tools to assess and
manage dairy business risk. Managers like good uncertainty market products be-
cause they increase the potential for gain and increase net profit and dislike bad
uncertainty market as they increase likelihoods of sever losses. The (Weibull) dis-

tribution is used to test dairy market risk in terms of volatility and products rejec-
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tion and supply chain disruptions. The variance of risk premium measured by
skewness distribution business participation and asymmetric views of profit and
market uncertainty. The skewness risk premium measures the spread between up-
side and downside net profit components of variance risk premium. Simulation
net profit distribution analysis revealed that all dairy marketing regional profit
models are skewered to left with the left tail end probability of net profit falling
below the mean. It is concentrated on the profit opportunity results and loss from
profit decrease due to supply chain disruption, products unit cost change and
market demand revenue decline consequent to market conditions deterioration
due to pandemic lockdown.

Skewness analysis performed to measure the degree of variability of a frequency
distribution of net profit in all three-market regions with different production sce-
narios. Regional market net profit skewed distribution showed bimodal distribu-
tion with a range between (—0.044) - (-0.498) in 2020, and more skewered figure
in year 2023 ranged between (—0.461) - (-0.629). This means the net profit data is
concentrated toward higher values, with a few extreme low values pulling the tail
to the left and negative excess kurtosis. The wider skewered range figures in 2020
showed significant variability in profit with bottom business performing loss and
top business having substantial earrings, whereas skewered range in 2023 showed
less variation in net profit and achieved business sustainability and business resil-
ience.

The Capital Area profit probability distribution showed a sharp bimodal distri-
bution in 2020 with two peaks profit which represent market segmentation. That
means different people in the Capital Area have different reasons and different
motivations for buying Company’s products and it also may explain market de-
piction of two different processes marketing area, two suppliers’ of raw materials,
shift from container shipping to bulk carriers, operators, and shifts could all ulti-
mately be two or more distinct marketing processes especially during COVID-19
crisis 2020 for Capital Area, Figure 4. Operation and market team need to inves-
tigate and use geographic and location marketing to tailor their marketing strate-
gies to identify customers’ needs for each location. The study shows that urbanic-
ity and consumer behavioral in Capital Area has an influence on the kind of prod-
ucts people buy, and their motivations for buying them even during COVID-19
pandemic restricted period. Marketing segmentation means breaking down re-
gional target sales into smaller groups with common needs and characteristics,
then creating marketing messages that address the needs of each of these groups
and return market resilience after COVID-19 era.

Kurtosis analysis obtained test distribution peakedness and record negative ex-
cess kurtosis figure between (—0.372) - (—0.415) in 2020 with excess kurtosis close
to 0 between (—0.053) - (-0.529) in 2023. Short and medium decisions makers
need to look for skewness and kurtosis figures to judge net profit distribution
shape because they consider the extremes data sets at short time period rather than

average figures which will take long time period to happen. Kurtosis figures are
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negative for all market regions and represent thinner peaks and lighter tail distri-
butions. Capital Area in 2020 has negative excess kurtosis with flatter peak histo-
gram in the middle and higher histogram towards its left tail. The higher histo-
gram at the left tail disappeared in 2023 resulting in distribution closer to normal
distribution. Total Country’s sale net profit in 2020 has a higher peak in the mid-
dle and became closer to normal distribution in 2023. Capital Area market shows
fatter tail for 2020 compared to 2023. VaR recorded RO (318 k) loss in 2020 com-
pared to RO 230 k profit in 2023 for Country sales. The potential maximum loss
in 2020 indicates a higher market profit volatility and risk due to supply chain

disruption.

Profit Probability Density Distribution 2020

Profit Probability Density Distribution 2023

Fit Comparison for Total County Profit 2020
RiskNormal(-27542,19313:
RiskWeibull(4.3745,832254 Ri

Fit Comparison for Total Country Profit 2023
RiskWeibull(5.3844,125306 1, RiskShift(-472491))
1,

1(682551,249330)

Values in Thousands.

RiskNormal(-1290¢

Fit Comparison for Capital Area Profit 2020
RiskDagum(-322020,254495,17.815,0.16209)
80,560;

Fit Comparison for Capital Area Profit 2023
i

RiskDagum(-115643,261157,18.470,0.14947)
5684

Figure 4. Comparison of total country and capital area net profit bimodal distribution for year 2020/2023.

3.6. Technical and Market Risk Quantification and Cumulated
Distribution Function Analysis

Dairy market uncertainty described by cumulated distribution function (CDF).
The entire change of CDFs is quantified in terms of the net profit difference be-
tween six CDFs. Net profit of each market strategy developed in this study reflects
the relative impact of distributional changes of inputs, market demand, produc-
tion volume on the change of output distribution (net profit). The study tested
sustainability of three dairy production levels and products mix under two sce-

narios before and after coronavirus in 2020. Each scenario included three market
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region alternatives models.

This study constructed the cumulated distribution function (CDF) graph to
quantify market risk and indicates the range and probabilities of net profit value
for six different production volume and marketing alternatives, Figure 5. Due to
cumulated distribution function (CDF) lines crossing in the graph, we could not
be able to rank operation and market alternatives risk accord with their economic
sustainability by using the first and second stochastic dominance with respect
function (SDRF) and use (SERF) analysis instead. Accordingly, stochastic effi-
ciency with respect to function (SERF) analysis has been used for a better risk
ranking analysis. The analysis showed dairy business net profit in 2023 are sus-
tainable alternatives than COVID-19 year in 2020, and Factory Area net profit are
better and stable market than Capital Area market. The uncertain market condi-
tions need to be monitored and controlled to form dynamic market strategies and

risk efficient alternatives as shown in Figure 5.

Cumulative Probability Distributions for Alternatives Dairy Branch Profitability and Marketing Policy
20/23

Prob

-1 -0.5 0 0.5 1 1.5
Total 20 ——Factory Area 20 - Capital 20 Total 23 Factory Area 23 —— Capital 23

Figure 5. Cumulated distribution functions of total country, capital and factory areas for
year 2020/2023.

3.7. Certainly Equivalent Coefficient and Market Risk Premium
Analysis

The study calculated stochastic efficiency with respect to a function (SERF) by
using SIMETAR program developed by Richarson et al (2008), to evaluate risk-
efficient of dairy product mix, production volume level and market demand in-
stabilities. The analysis compared basic scenario (total country 20) which repre-
sents COVID-19 crisis in year 2020 with other market scenarios for year 2023.
The Certainty Equivalent (CE) is calculated to test dairy business performance of
coronavirus pandemic impact with current operation practices (2023) and mar-
keting demand volatility. Three different production groups examined with dif-
ferent product and marketing regions sales. Net profit alternatives options for
three different production levels and market demand compared by using multiple

simulation models and construction (SERF) and CE analysis. The CE is guaran-
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teed low net profit that corporate decision makers would accept now rather than
taking risks on a higher uncertain profit in the future. The corporate decision
maker’s risk tolerance level recognized and considered both sides of the equation
the willingness and financial ability that stakeholders are ready to lose and take
the risk. The study investigates dairy business risk and in terms of production level
and market risk that safeguards financial stability and achieves growth objective
and proved financial recovery for year 2023 and Factory Area market resilience.

Dairy business risk tolerance level influenced by financial position such as rev-
enue, expenses, debit obligation and cash reserves. A Company with strong finan-
cial positions and sufficient cash flow may have a higher risk tolerance to pursue
market growth opportunities. The corporate strategic objective in terms of market
expansion, developing products and managing risk would have a higher ambition
to gain opportunity out of risk tolerance. Moreover, business market dynamics
characterized by rapid technology and market dynamic need a high-risk tolerance
investor to adapt to market changes and competition. The (SERF) recognize the
most risk-efficient alternative of production and market demand level for a range
of risk preferences by ranking alternatives in terms of (CE) figures. financial sus-
tainability for different product unit cost and marketing parameters performed to
evaluate risk efferent alternative option for a range of risk preference for all abso-
lute risk aversion coefficient (ARAC). SIMETAR program calculated Certainty
Equivalent value and constructed graphs to rank net profit of different production
levels, market demand scenarios and unit cost of production level across the spec-
ified range of ARAC values. Across two or several alternatives, a higher CE, with
the same level of ARAC is considered as the best risk management alternative,
Figure 6. Total Country 2023 CE value is best alternative followed by Factory 23
Area and Capital Area 23 alternative at all ARAC.

Neg. Exponential Uitility Weghted Market Risk Premium for year 2020 and 2023

Total 23

0.6

0.5

Factory Area 20

0.4
0.3

02 o —

Factory Area 23

Capital 23

0.1
0

Total 20

0.00000000
-0.1

0.00000020 0.00000040 0.00000060 0.00000080 0.00000100 0.00000120 0.00000140 0.00000160

-0.2

Capital 20
ARAC

Total 20 Factory Area 20
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Figure 6. Stochastic efficiency with respect to a function (SERF) and market certainty equivalent for all ARAC.

Risk premium is a measure of excess return that is required by decision makers
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to compensate for being subjected to uncertain marketing and operation risk. The
risk premium of total Company’s sale profit in 2023 is distinct from other region
sale profit risk premiums for year 2023 and year 2020, as a result the region market
risk premium is calculated to quantify coronavirus risk impact. The market risk
analysis showed positive correlation between production level and regional mar-
ket demand Certainty Equivalent (CE) values for Country and Capital Area mar-
ket. The production volume increased from 31,330 k liters in 2020 to 40,234 k
liters in 2023 for total country sale profit and from 4,970 k in 2020 to 6,929 k liters
for Capital Area market. Accordingly, the CE value increased from RO (9,523) to
RO 697,967 for Country sales and from RO (125,034) to RO 78,836 for Capital
Area market, table No (5). The Factory Area 20 record CE value of RO 432,998
and reduced with sold volume increase to RO 174,213 in year 2023. The risk pre-
mium for Factory Area 20 and Factory Area 23 is RO 258,785 which represents
risk premium of COVID-19 supply chain disruption impacted at neutral risk
averse decision makers. The risk premium for Capital Area 20 and Capital Area
23 record RO 203,870 which reflect sever market downturn in Capital Area due
to COVID-19 supply chain disruption for neutral risk averse decision makers. The
reason for negative correlation between products sold profit and CE value at Fac-
tory Area is due to coronavirus supply chain disruption and restricted lockdown
at Capital Area market and Company managed to sale 42.33% of plant production
at nearby Factory Area market with a reasonable cost and increasing home deliv-
ery. Company risk averse decision maker would pay RO 707 k to avoid COVID-
19 crisis impact.

The new market strategies after COVID-19 increased market share and CE
value for total Country sales in 2023 and increased risk premium value by RO
707,490 for risk neutral decision maker and reduced to RO 443,459 for extreme
risk averse decision maker. The Factory Area market risk premium value record
RO 258,785 for risk averse decision maker and increased to 396,253 for extreme
risk averse decision maker. The Capital Area market risk premium record RO
203,870 for risk averse decision maker and reduced to 198,122 for extreme risk
averse decision maker. The risk premium value increased with all absolute risk
aversion coefficient (ARAC) for Factory Area indicates selling most of the prod-
ucts with a reasonable cost compared to Capital Area market and route network
lockdown restriction. The corporate decision maker accepted loss of CE value RO
(125,034) for Capital Area 2020 and achieve 432,998 CE value of Factory Area in
2020 rather than taking uncertain profit at Capital Area market in 2020 with risk
premium of RO 307,964. Figure 6 ranked market efficiency according to stochas-
tic efficiency with respect to a function (SERF) and certainty equivalent values for
all market risk averse alternatives at absolute risk aversion coefficient (ARAC).

Market risk premium is a difference between high-risk market plans character-
ized by potential substantial returns paired with significant volatility and low-risk
market plan with stability lower returns. This comparative analysis explores these

differences to aid investors in choosing the best path for their financial goals. By

DOI: 10.4236/jmf.2025.154030

747 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2025.154030

K. H. M. Ishag

accounting for the unique risks associated with a specific company market plan,
investors can better estimate the value of the company’s market shares and make
more informed decisions about their investments. The high value of CE at the
same level of ARAC indicates a preferred alternative. Absolute risk aversion coef-
ficient (ARAC) values ranging from 0.0000 to 0.00000162 were used in the (SERF)
analysis to calculate CE values for each production level and market region. The

CE value and market risk premium for each model is summarized at Table 5.

Table 5. Ranking net profit’s certainty equivalent and risk premium for all absolute risk aversion coefficient.

CE Risk Premium (2020-2023)
Variables Production Neutral Moderate Strong Neutral Moderate Strong
000 Liters (0.00000) (0.000008) (0.000016) (0.00000) (0.000008) (0.000016)

Country sale 23 40,234 697,967 397,877 214,629 - - -
Country sale 20 31,330 -9523 —133595 —228830 707,490 531,472 443,459
Factory Area 23 15,135 174,213 65,730 —29967 - - -
Factory Area 20 13,263 432,998 400,019 366,286 258,785 334,289 396,253
Capital Area 23 6929 78,836 63,724 47,902 - - -
Capital Area 20 4970 -125034 —137245 -150220 203,870 200,969 198,122

3.8. Stop Light Chart and Dairy Business Profit Target Analysis

Stop Light chart for lower and upper target net profit value constructed to rank
dairy market efficiency. The target lower net profit value of (RO 25 K) and upper
value of (RO 100 k) determined by decision maker to rank dairy market efficiency
according to their net profit value during coronavirus year 2020 and year 2023.
The Company total country sale revenue for year 2020 and 2023 revealed an in-
crease in total country sale revenue by RO 6,265,135 i.e. 40.3% and Capital Area
sale revenue by RO 1,280,268 i.e. 54.1% by adoption COVID-19 disaster recovery
plan. The total country business achieves 98% profit above upper target profit RO
100 thousand after supply chain disruption settlement compared to 29% during
COVID-19 period. The analysis showed total country sales achieved consistent
and reliable financial sustainability and market recovery and system resilience ca-
pacities, as per Figure 7.

Due to total lockdown during COVID-19 pandemic crisis and supply chain dis-
ruption, the Capital Area dairy business record loss in 2020. However, Capital
Area achieved 43% of the profit above upper target RO 100 thousand in 2023 com-
pared to 100% below target profit RO 25 thousand during COVID-19 Crisis. The
shift from fresh milk to value added products such as Laban and yoghurt and juice
increased sales revenue. Dairy market in the Capital Area is competitive market
control by larger regional companies trying to get a more significant share of the

market, they set the prices of their products to attract customers and keep prices
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low. The large companies also improve their products’ quality and services be-
cause of the tough competition. Although Capital Area market penetration is a
crucial strategy for business and market share growth, branding work, strong dis-

tribution channels and cost-effective route network remain a big challenge.

StopLight Chart for Probabilities Less Than 25,000.000 and Greater Than 100,000.000

100%

90%
0.29
80% 0.43
70%
60% 0.16 0.72
50% 1.00 0.98
40% 0.36
30%
20% 0.11
10% 0-0% 0. 17 H
0% 0.00
Total 20 Factory Area 20 Capital 20 Total 23 Factory Area 23 Capital 23

Figure 7. Stop light chart for net profit probability less than 25 k and greater than 100 k for
dairy market regions.

Factory Area market is a cash generation market and has a cost-effective route
network and distribution channels. The new marketing policy for 2023 reduced
fresh milk volume sale by 3% and Laban volume by 2% and increased sale revenue
by 1,9 million rials equal to 45.7% from 2020. The sale revenue increased because
of price increase and quality improvement for juices, and promoting nutrient and
health products such as yoghurt and Laban products and increasing their market
share. The Factory Area gained real value of market power through increasing
customer penetration, winning market share, and taking advantage of competitive
dynamics. The risk management strategy enabled Company to secure steady cash
flow, even during the off-peak season and downturn market situation.

The Factory Area dairy market is ecosystem resilience system and has a capacity
to withstand and adapt to supply chain disturbances in terms of raw milk collec-
tion from neighboring farms and market the products in cost effective manners.
Factory Area market is also stable market and has an ability to return to an equi-
librium state rapidly after supply chain disruptions. A comparative analysis per-
formed to compare market resilience and stability during COVID-19 2020 and
year 2023. The analysis shows Company marketing and operation teams could
manage to increase total country sale volume by 7.09 million Litr i.e. 22.6% and
Capital Area sale volume by 1.59 million Lit 39.2% by adopting COVID-19 disas-

ter recovery plan and market risk management strategies.

4. Conclusions

The dairy business and industry in Oman grapples with complex challenges, from
wavering milk prices and escalating input costs to ever-shifting market dynamics; all
factors that can significantly impact business profitability and stability. Dairy busi-
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ness must, therefore, implement potent strategies to enhance cash flow and safeguard
financial viability and achieve ecosystem resilience. This article delves into key meth-
ods designed to analyze dairy business risk assessment and market dynamic chan-
nelings and efficiency to boost profits in dairy operations and improve cash flow
management. The study examined and explored a strategic approach aimed at bol-
stering not only short-term profitability but also ensuring long-term growth. By em-
bracing and implementing market risk management strategies, dairy business can
deftly navigate risks and uncertainties, carving out a path towards sustained financial
success even amidst the highly competitive landscape of dairy marketing challenges.

The study stimulated net profit for different alternative product mix and mar-
keting strategy by using @Risk 8.7 program to investigate operation and market-
ing risk assessment. Simulation risk analyses were performed to test operation
performance sustainability of alternative marketing demand, sale revenue, unit
cost of products and salable dairy products level parameters. Sensitivity analysis
showed that products unit cost is the most factor effect profit followed by market
demand and sale promotion. Interdiction of new technologies and products shelf-
Life extension can reduce costs and eliminate risk of extreme losses. The analysis
identifies factors that affect business ecosystem resilience and stability and meas-
ure market risk premium to control risk and avoid opportunity loss in future.

Stochastic Efficiency with Respect to a Function (SERF) constructed and used
to estimate Certainty Equivalent (CE) and market risk premium (RP) values for
three market regions during and after COVID-19 era. The market risk premium
represents the additional return investors expect to earn for bearing the systematic
risks associated with the overall market system resilience under uncertainty and
volatility. This study presents an evaluation of market system resilience of three
dairy production levels and products mixed under different marketing uncertain
parameters and marketing strategies.

The probability distribution functions (PDF) analysis performed to quantify
market risk for three levels of production for year 2020 and 2023 to calculate
changes in net profit probability distribution due to COVID-19 crisis and after.
The net profit probability distribution skewed to the left for all models and 5% net
profit probability distribution of Country sale shift from RO (318 k) loss in year
2020 to RO 230 k profit in 2023. The analysis shown that Country sale has resili-
ence system recovery although coronavirus crisis had a complete lockdown con-
tinued for 10 months in 2020 and achieved stability with (kurtosis close to zero)
in year 2023. Market resilience is recognized as its ability to prevent and adapt to
negative impacts of crisis shocks by collecting raw milk from nearby farmers and
benefit from the lower agreed price. The company also managed to sell products
in Factory Area at a reasonable cost and avoid additional distribution costs due to
restricted procedures in Capital Area and reduce products expiry cost.

Simulation net profit distribution analysis revealed that all dairy marketing re-
gional profit models are skewered to left with the left tail end probability of net

profit falling below the mean. This means there are more lows values that are sig-
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nificantly smaller than the majority of profit data. The net profit is concentrated
on the loss opportunity results from a net profit decrease due to supply chain dis-
ruption, products unit cost change and market demand revenue decline conse-
quent to market conditions deterioration due to pandemic lockdown. The wider
skewered range figures in 2020 showed significant variability in profit with bot-
tom business performing loss and top business having substantial earrings,
whereas skewered range in 2023 showed less variation in net profit and increased
resilience capacity and business sustainability.

The (Weibull) distribution is used to test dairy market risk in terms of volatility
and products quality rejection and sever supply chain disruptions. Capital Area
net profit distribution showed sharp bimodal two peaks profit distribution repre-
sents market segmentation during COVID-19 time in 2020 and 2023. That means
different people in the Capital Area have different reasons and different motiva-
tions for buying Company product. The market team need to investigate and use
geographic and location marketing to tailor their marketing strategies according
to market segmentation and identify customers’ needs for each market location.
Consumer behavior in Capital Area has an influence on the kind of products peo-
ple buy, and their motivations for buying products even during COVID-19 pan-
demic restricted period. Marketing segmentation in terms of breaking down re-
gional target sales into smaller groups with common needs and characteristics and
then creating marketing messages that address the needs of each of these groups
and return market resilience after COVID-19 era is highly recommended.

The sensitivity and tornado analysis for total country sales showed that unit
cost of fresh milk, yoghurt, juices and Laban have high impact on profit followed
by market demand during 2020. On the other hand, dairy product cost per unit
has high impact on profit for 2023 followed by market promotion for juices and
yoghurt products due to lockdown released. Sensitivity analysis for Capital Area
region and showed unit cost of juice, yoghurt and fresh milk are the main factors
impacted net profit followed by products demand during COVID-19 Pandemic
2020. In year 2023 post COVID-19 crisis recovery, Capita Area market character-
ized by growing demand for quality products, expansion into retail and increasing
competition from local and external producers, as a result promotion and incen-
tives has a major impact on profit followed by unit cost of fresh milk, yoghurt and
juice as shown by tornado sensitivity analysis.

Product demand reduction during crisis jeopardized business profits and
forced marketing teams to give more incentives and promotions to all market re-
gions with more attention to Capital Area customers to increase demand share
and reduce losses. Juice sale volume in Capital Area increased by 500 thousand
liters, generating additional RO 464 k sale revenue, whereas country sales volume
increased by 959 K liters and generated 1.3 Millon rials. Juice quality improvement
and price adjustment strategies were the main reasons behind making profit after
COVID-19 era. The competitors’ low-price strategies are the main challenges fac-

ing company and market share growth, as a result, unit cost reduction issues need
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to be monitored and controlled to enhance profitability in a challenging uncertain
dairy business landscape.

Stochastic efficiency with respect to function (SERF) analysis has been used for
better ranking alternatives and to quantify dairy market demand uncertainty and
indicated the range and probabilities of net profit value for six different produc-
tion volume and marketing alternatives. Net profit of three market strategies for
2020 compared with year 2023 to measure the relative impact of supply chain dis-
ruption on net profit. The (SERF) analysis revealed that Country net profit of 2023
is better and more sustainable alternative than Country net profit for coronavirus
year 2020 followed by Factory Area market 2020 and Factory Area market 2023.
The Factory Area market recognized as resilience system and had a capacity to
withstand and adapt to supply chain disturbances in terms of market volatility
control, raw milk collection from neighboring farms and marketing the products
in cost effective manners. Factory Area market is also stable market and has an
ability to return to an equilibrium state rapidly after supply chain disruptions.

Risk premium measured the excess return required by decision makers to com-
pensate for being subjected to uncertain marketing and operation risk. The risk
premium of total Company’s sale profit in 2023 is distinct from other region sale
profit risk premiums for year 2023 and year 2020, as a result the region market
risk premium is calculated to quantify coronavirus risk impact. The market risk
analysis showed positive correlation between regional production level and re-
gional market Certainty Equivalent (CE) values for Country and Capital Area
markets. The new market strategies after COVID-19 increased market share and
CE value for total Country sales in 2023. The risk premium value for total Country
sales in 2020 and 2023 recorded a CE of RO 707,490 for risk neutral decision mak-
ers and reduced to RO 443,459 for extreme risk averse decision makers. The Fac-
tory Area market risk premium value for year 2020 and 2023 record CE of RO
258,785 for risk averse decision maker and increased to 396,253 for extreme risk
averse decision maker. Stop Light chart for lower and upper target net profit value
constructed to rank dairy market efficiency. The total country business achieves
98% profit above upper target profit RO 100 thousand after supply chain disrup-
tion settlement compared to 29% during COVID-19 period. The analysis showed
total country sales achieved consistent and reliable financial sustainability and
market recovery efficiency and ecosystem resilience capacities.

The marketing team should monitor and observe sale revenue and control con-
tract expenses such as transportation cost, supermarket shelf rent cost, products
expiry returns cost and review cash flow to prevent unexpected overrun and neg-
ative financial impacts. The use of advanced technology such as IA, ML and IoT
will improve risk management and provide real time data for informed decisions.
Amare M, Abay KA, Hatzenbuehler PL., 2023, outline how digital technologies,
financial tools, and insurance products can intersect to create a comprehensive
resilience roadmap [32]. The production team should concentrate on monitoring

unit cost saving plans and improve efficiency to extend market demand share and
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achieve business sustainability and improve growth rate. Moreover, controlling
market share enables the company to measure its competitiveness and its ability
to attract and retain customers compared to its competitors. The Management
and operation team should work closely to reduce cost of production and optimize
product mix, whereas the marketing team should understand product market
share and growth to mitigate risk as shown by study result. Marketing promotion
and market risk premium should also be monitored and calculated carefully to
control risk and obtain higher gain under high dynamic market challenges. Real
time data monitoring enables management and marketing teams to make in-
formed decisions incorporating market dynamic changes for country and regional
dairy market and adapt sustainable resilience strategies accordingly. The large
negative volatility at downside and business loss movement is harmful and needs
to be investigated and controlled by dairy business team through optimizing pro-
duction level with dynamic marketing activities as steady small profits can be
wiped out by one significant catastrophic event.

Market simulation analysis help Company to identify their market standing,
track their performance over time, and benchmark themselves against competi-
tors. Study results and information help the Company gauge their market pene-
tration and identify opportunities for growth and areas that require improvement.
Study results and recommendations help businesses make informed decisions re-
garding production levels, pricing strategies, market segmentation, marketing
campaigns, and resource allocation. Moreover, the corporate should include re-
silience in the central of organization strategic process and move from risk report-
ing to more advanced foresight capabilities and adopt comprehensive strategic
prospective to meet challenges of next disruption over the horizon.

When profit models are characterized by left skewness and negative kurtosis, it
suggests a scenario where the most profits are high, but there is a risk of rare signif-
icant losses that could skew the average profit downwards. The absence of extreme
values (negative kurtosis) may lead to underestimating the risk associated with these
rare losses, making it crucial for stakeholders to consider both the potential for high
profit and the risks of infrequent but severe downturns. Understanding these statis-
tical measures is essential for making informed decisions in dairy business and risk
management, as they provide insights into the behavior of profit distributions and
the associated risks. Despite the challenges, the future of the dairy industry remains
promising. Companies that proactively address the supply chain issues and adapt to

changing market dynamics will be well positioned for long-term success.
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