
Risk Analysis and Modelling

Sofia Menezes
sofiamenezes@tecnico.ulisboa.pt
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Abstract

Firms are exposed to the uncertainty of both internal and external factors to their operation, which
could adversely affect their future results. Nevertheless, they could reduce this uncertainty and create
value by managing their risk exposure, according with their risk preferences and objectives. There-
fore, this research seeks to provide a methodology to study the companies’ risk exposure, applied to a
codfish processing company case study. The methodology implemented follows some of the ISO 31000
framework steps, which include defining the context of the company, assessing the risks and treating
them. For a clearer understanding of the future results uncertainty, the company’s future net incomes
were modelled using Monte Carlo Simulation. Additionally, the company’s risk profile was defined by
using an exponential utility function. Even though the future net incomes model has resulted in a wide
range with some limitations, possible prevention and mitigation strategies could be modelled and their
added utility to the company was measured. The results of this investigation have shown that the price
fluctuation of codfish is crucial for the company under study, being the mitigation of this risk very
recommended.
Keywords: Enterprise risk management, Risk profile, Risk modelling, Monte Carlo simulation, Codfish
industry

1. Introduction

Changes in the surrounding conditions might trig-
ger unexpected consequences for the companies,
and these possible changes constitute risks. Risk
definition has not been consensual between differ-
ent authors [18], but there is always a general agree-
ment that a risk is the impact of an uncertain event
on a certain objective of an organization [9].

Therefore, companies can benefit from managing
risks [16], adopting different approaches and mea-
sures to deal with several types of risks, depending
on the company’s tolerance to losses.

Risk management provides a strong basis for
planning and decision-making, contributing to an
increase in the processes’ efficiency and compliance
of regulation [7] and allows companies to protect
themselves from undesirable future positions.

However, despite the fact that companies should
manage risk to prevent having bad results, Atluntas
et al. [2] show that companies are generally more
likely to adopt or improve their risk management
practices only after having the bad results.

The available literature already presents many
risk management frameworks. However, the au-
thors usually agree that the risk management prac-
tices must be unique and perfectly adapted to each
company and situation [8]. Therefore, this research
will have a positive impact on the existing litera-

ture, providing a clear methodology on how to im-
plement some of the most common risk manage-
ment steps and how to adapt different techniques
in a particular case study.

One of the most accepted standards for managing
risk is ISO 31000, which contains guidelines regard-
ing the principles, framework and process to man-
age risk. In particular, the process is composed by
the phases of establishing the context, assessing risk
(or, in other words, identifying, analysing and eval-
uating it) and treating risk, together with continual
communication, monitoring and reporting [11].

Additionally, the objectives of the organizations
must be determined in accordance with their risk
preferences and tolerance. As a result, utility func-
tions can be used to measure and compare the util-
ity supplied by various options. In particular, the
exponential utility function leads to accurate results
in different situations and with low levels of error
associated [12]. The exponential utility function is
defined by:

ux = 1− e−x/ρ (1)

Where u is the utility associated to the gain x, ρ is
the risk tolerance coefficient and sgn(ρ) corresponds
to the sign of ρ. Several authors propose different
approaches to estimate the risk tolerance coefficient
of this function, and 4 of those approaches will be
studied in this research. The first one is setting the
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the coefficient to about 6% of the total sales of the
company, which should be approximately the same
of around one sixth of the total equity [10].
Another way to calculate this coefficient is cal-

culating the largest value of X a decision-maker is
interested in betting in a gamble with 50% probabil-
ity of gaining X and 50% probability of losing X/2.
The chosen value corresponds to the risk tolerance
coefficient.
The third method consists is finding the max-

imum acceptable loss (L) a decision-maker would
be willing to take, in order to accept a gamble with
a certain probability (p) of gaining an arbitrarily
large amount of money [6]. The coefficient is then
calculated by:

ρ = − L

ln(p)
(2)

Lastly, the fourth method corresponds to a more
complex technique to calculate, which consists in
performing a survey to the managers of the com-
pany. The survey presents a certain number of in-
vestment opportunities with independent outcomes,
similar to the decisions that the managers usually
face in the industry in which they operate. Each
opportunity has 2 different outcomes — success or
failure, and the correspondent probabilities and re-
sults (gain and loss values). For each of these oppor-
tunities the managers should decide on their level
of participation in that investment, in percentage.
After, the computation is made by calculating the
certainty equivalents:

CX = −ρ · ln (
n∑

i=1

Pi · e−Xi/ρ) (3)

Where CX is the equivalent cash value of a de-
cision with probability Pi of having an outcome
Xi for a manager with a risk tolerance coefficient
of ρ. The computation consists in calculating CX

for each participation level and for different values
of ρ, and choosing the value (or range of values)
of ρ that provides a greater CX for the participa-
tion level specifically chosen by the managers, when
compared to the other participation levels. This
makes sense because the managers will choose the
best option for them, with the greatest CX , given
their ρ. So, if any other participation level would
lead to a greater value of CX for the same ρ, the
manager would choose that option [17].
To estimate the future results of a company, it

is adequate to calculate their Value at Risk (VaR)
[1] and to use Monte Carlo Simulation (MCS) [5],
which is a method that allows the definition of each
variable with uncertainty and provides a good basis
for decision-making. However, MCS has the dis-
advantage of the subjectivity associated with the
distribution definition.

Finally, the risks may be managed differently, de-
pending on the risk and its impact in the business.
The strategy to deal with a risk may vary from ac-
cepting it to completely eliminating it [3], with the
implementation of mitigation strategies, as, for ex-
ample, having an insurance.

Having said this, the present research seeks to
study risk management, applying the techniques to
the case study of a Portuguese codfish processing
company. Despite the recent good performance of
the company under study, they are vulnerable to
a number of potential risks. They have solely con-
centrated on credit risk so far, even though they are
exposed to other risks. For example, laws and regu-
lations may change, prompting the payment of fines
or requiring a significant change in the way the busi-
ness runs. Furthermore, there are other uncertain
variables, such as fluctuations on the tax rates in
the countries where they operate, changes in the de-
mand for codfish, changes in the price of the codfish,
among others. Thus, the company’s future results
are uncertain in a broad range of values. Besides,
the level of risk the company is exposed to might
not match their risk preferences, stressing the im-
portance of studying the strategies that should be
ensuring their strategic goals.

The past results of a company are not a guarantee
of their future success [4]. Hence, it would be im-
portant to understand and simulate the company’s
future results under a variety of scenarios and their
respective probabilities, taking into account the ex-
ternal threats and opportunities.

Therefor, the objectives of this study are:

1. The determination of the company’s risk pro-
file, which relates to their willingness to take
risks.

2. Modelling their future net incomes, combining
the different possible values of revenues and
costs, that will depend on several factors, in-
cluding the probability and impact of the most
relevant risks their are exposed to. The final re-
sult of this model will consist in a Value at Risk
curve, representing the probability of the com-
pany achieving certain results in the future.

3. Suggestion of the most adequate risk manage-
ment practices and mitigation strategies to im-
prove the company’s future results, considering
their risk profile and the impact of the strate-
gies in the developed future results model.

2. Methods
The methods to develop the future net incomes
model are now going to be detailed, revealing the
steps to construct a risk register and a mitigation
strategies register. Additionally, the other variables
modelled are detailed, and the risk profile of the
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company defined, by resorting to the exponential
utility function.

2.1. Risk Management Process
The process of the ISO framework process was fol-
lowed, containing the steps of the scope, context
and criteria definition; the risk assessment and the
risk treatment.
First, it was necessary to define the context of

the company. For that, a Five Forces of Porter and
a SWOT analysis were held, revealing key aspects
that triggered the identification of the risks to cre-
ate a risk register, as well as the identification of
the mitigation strategies that were studied.
After the context and capabilities characteriza-

tion, the risks were identified based on the com-
pany’s external environment and current operation.
The objective of this step, was the creation of a
risk register, including the explanation of the pos-
sible impacts and risk factors associated with each
risk, to enable the identification of the most rele-
vant ones, with the highest impact and probability.
Thus, two scales were used to attribute values from
1 to 5 to each risk, characterizing their probabil-
ity and impact. The probability scale was defined
according with the happening frequency of the risk
factors, whereas the financial impact corresponds
to the loss that the company would face if the risky
situations took place. The last one is adapted to
the company’s results in the past 10 years. The
classification of the risks was made by resorting to
the company’s managers expertise to assign a value
of the scale to each risk. The available values are:

1. Very Low — probability of occurrence once in
periods over 15 years or possible losses below
100K €

2. Low — probability of occurrence once in every
5 to 15 years or possible losses between 100K
€ and 500k €

3. Medium — probability of occurrence once in
every 3 to 5 years or possible losses between
500K € and 1M €

4. High — probability of occurrence once in every
1 to 3 years or possible losses between 1M €
and 5M €

5. Very high — probability of occurrence at least
once a year or possible losses above 5M €

Following the risk identification and analysis,
the evaluation phase consists in selecting the risks
which can jeopardize the company’s results the
most, between the ones available at the risk reg-
ister previously developed.
Thus, the risks were ranked according with their

risk level. To calculate this level, Mitchell’s [13]
interpretation of risk was used:

Riskn = P (Lossn)× I(Lossn) (4)

Where P represents the probability of a certain
loss, whereas I represents the impact of that loss.
After calculating the risk level (Riskn) associated
with each of the n identified risks, the ones with a
higher level associated were chosen for further anal-
ysis and modelling.

2.2. Future Net Incomes Model
The model was developed in Microsoft Excel, us-
ing the @Risk add-in from Palisade Decision Tools.
This model contains a simulation of the company’s
net incomes depending on the simultaneous uncer-
tainty of the risky events, quantities sold, buy-
ing and selling prices, and other relevant compo-
nents that impact their results. To develop the
model, first it was necessary to define its inputs.
In other words, the variables that affect the com-
pany’s results and their respective probabilistic dis-
tributions.

The final output of the model is the net income,
in accordance with the investigation objectives pre-
viously described. So, the estimated variables are
related with the interest and taxes paid, the depre-
ciation and amortizations, operating revenues, ma-
terial costs, cost of employees and other operating
costs.

Some of these variables depend on other external
variables. For example, the operating revenues de-
pend on the quantity and price at which they sell.
In turn, these might depend on the codfish price
fluctuations, macroeconomic factors, and so on.

For that reason, the software IBM SPSS statistics
was used to search for multiple linear regressions
that predict the value of some variables, the depen-
dent variables, based on the values of some inputs,
the independent variables. This was performed us-
ing the method stepwise, which adds variables to
the regression model according with their statisti-
cal significance. To better estimate the operating
revenue, its relation with the following variables
was studied: (a) gross domestic product per capita
in Portugal, (b) inflation in Portugal, (c) number
of employees of the company, (d) market share and
(e) quantity of frozen codfish produced in Portugal.
In addition, to estimate the material costs, the
considered variables were: (a) inflation in Iceland,
(b) inflation in Norway, (c) average importation
price of dry cod in Portugal, (d) average impor-
tation price of fresh cod in Portugal, (e) market
share and (f) quantity of frozen codfish produced
in Portugal. The last two mentioned variables were
chosen to try to predict the quantity with which the
company in study operates. This quantity may re-
late both to the material costs, since it depends on
the quantity of raw material they buy, and to the
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operating revenue, affecting in particular the quan-
tity they sell. The other variables mentioned are
supposed to explain the variation of the prices at
which they buy and sell. Finally, the cost of em-
ployees might depend on the: (a) average salary
in Portugal, (b) minimum salary in Portugal, (c)
unemployment rate in Portugal, (d) gross domestic
product per capita in Portugal, (e) inflation in Por-
tugal and (f) the company’s number of employees.

The result of this step, consists in three regres-
sions, one for each of the explained variables. The
found relations were implemented in the model.

Lastly, to investigate the reliability of the results
and validate the regressions, the following condi-
tions were verified [14]:

1. Near linear relationship between the dependent
variable and the independent variables.

2. Variance inflation factors (VIF) values below
10 units to ensure there is no multicollinearity.

3. Uncorrelated and normally distributed errors,
with mean equal to 0.

Regarding the data collected to develop the
model and the multiple linear regressions, several
sources were consulted. First, the company’s past
results were reviewed in their financial reports,
gathering the values from 2010 to 2019 of all the
variables previously mentioned and the number of
employees the company had each year. Also, the
sales of their five main competitors were extracted
from the financial reports of those companies, to
calculate the market share of the company in study.
The remaining variables were consulted in statistics
and data bases from different web-sites, noting that
the inflation variables correspond to consumer price
indexes.

Having the multiple linear regressions defined,
the next step is to predict the values of each in-
put variable for the next 10 years, which is the time
frame on which this investigation is focused. The
prediction of some of the variables was made using
the expertise of the company’s managers, whereas
the remaining input variables were forecast by re-
sorting to statistics of banks and other entities.

The model was developed using the most pre-
dictable course of the variables. For example, the
demand for codfish is not expected to decrease sud-
denly and the inflation rates are not likely to change
more that 2% in a year. Nevertheless, some of these
variables might have unexpected abrupt changes.
This way, the importance of modelling extreme
events arises. For that, the top identified risks of the
register previously developed were implemented in
the model, considering the opinion of the company’s
experts, who had participated in the evaluation of

the probability and impact of the risks, assigning
values from 1 to 5 of the scales.

First, some distributions were defined to model
the number of occurrences of the possible losses per
year, associated with each risk. For simplification
purposes, most of the levels of the scale are mod-
elled considering the average period of the range
and the Bernoulli distribution. For example, for
an event that occurs once in every 5 to 15 years,
it was considered a probability of occurrence once
every 10 years, resulting in a yearly probability of
p = 1

10 . Regarding the number of occurrences in
a very high probability case, there is at least one
event per year. So, considering that the occurrence
of many events is less probable than the occurrence
of a smaller amount of events, a Poisson distribu-
tion was used to model the remaining number of
events that might happen beyond the one already
predicted.

Additionally, the distributions to model the im-
pact of the risks for each classification of the scale
were defined. Most categories were modelled with
an uniform distribution, since it was assumed that
the probability of losing each of the values inside the
range was the same. The only exception is for the
losses above 5MAC, where it was assumed a Pareto
distribution, that will allow a higher probability for
losses closer to 5MAC, and increasingly lower prob-
abilities of much higher losses. Choosing a shape
parameter of 2, the average loss is set to 10MAC,
which was considered an acceptable value.

Lastly, the risks were integrated in the model by
multiplying the impact by the number of occur-
rences and implementing it in the company’s final
results.

2.3. Mitigation Strategies

After analysing the main risks the company is ex-
posed to, six possible mitigation strategies were de-
fined by resorting to strategies presented in the case
studies of the existing literature. Based on these,
a mitigation register was developed, containing the
identified mitigation strategies and a brief descrip-
tion of their implementation and impact.

To implement the mitigation strategies in the
model, it is necessary to estimate its the imple-
mentation costs and impact in the company’s re-
sults. The cost of the strategies was estimated by
reviewing additional literature and available statis-
tical sources. Relating the impact of the chosen
strategies, it can be defined as a variation in the
sales, costs or changing a specific risk. In partic-
ular, the strategies might contribute to reduce the
impact, the probability or completely eliminating a
previously modelled risk.
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2.4. Utility Function
Having defined all the elements of the model, the
net profit estimation is achieved. Nevertheless, to
compare the utility that the expected results pro-
vide to the company, it is important to define their
utility function u(x).
Regarding the function calculation, the com-

pany’s risk profile was estimated using the exponen-
tial utility function, as mentioned in the introduc-
tion. The four methods introduced were explored.
The first one by directly calculating the risk toler-
ance:

ρ ≈ 0.06× Total Sales ≈ Total Equity

6
(5)

Additionally, to calculate the coefficient by re-
sorting to the other 3 methods, a survey was de-
veloped. Later, the answers of the company’s man-
agers were collected. The survey is divided in 3 sec-
tions. The first one corresponds to Neapolitan and
Jiang’s [15] method, where the decision-makers are
asked to decide on the maximum value of X they
would accept in a 50-50 gamble of winning X or los-
ing X/2. The second one is the method suggested
by Delquie [6], where the decision-makers have to
indicate the maximum value of money they are will-
ing to lose to have a chance of wining an arbitrary
large amount of money. In this case, let us con-
sider the large amount of 10100AC and probability
p = 0.5, which corresponds to an equal chance of
gaining 10100AC or losing the maximum acceptable
loss (L). The risk tolerance coefficient is then com-
puted by:

ρ = − L

ln(0.5)
(6)

Regarding the third section of the survey, Walls’s
[17] method was used. For that, typical decisions
faced by the managers of the company in study were
identified. In the codfish processing industry, man-
agers have to decide on what quantities to buy at a
determined price. Therefore, 5 scenarios were cre-
ated, where the company has the opportunity to
buy a determined quantity of codfish at a certain
price that, after being processed and sold, will re-
sult in a known gain or loss, whose probabilities are
also known. In each scenario, the decision-makers
have to decide the percentage of the available quan-
tity they would buy, knowing that selecting 100%
corresponds to buying the totality of the codfish,
exposing themselves to the totality of the presented
results, and selecting 0% means they would not buy
any codfish, if the expected results of that transac-
tion are not desirable.
The computation of the risk tolerance coefficient

in this method is performed by using Microsoft Ex-
cel and calculating certainty equivalent for several

values of risk tolerance coefficient, using the equa-
tion:

CX(ρ, PoC) =− ρ ln (Psuccess × e
Xsuccess·PoC

ρ

+ Pfailure × e
Xfailure·PoC

ρ )
(7)

Where ρ is a possible risk tolerance coefficient,
PoC the percentage of codfish chosen by the man-
ager, Psuccess, Xsuccess, Pfailure and Xfailure are
the probability and outcome values of the decision,
for both success and failure in selling the codfish.
The computation was made in the same way as the
author’s computation, which was briefly explained
in the introduction.

2.5. Value at Risk Curves Comparison
Now, the the company’s net income can be simu-
lated. For that, a determined number of iterations
needs to be run. For a largest number of iterations,
the model will provide more accurate results. On
the other hand, the more iterations the more time
is required to run the simulation. So, this number
was set to 5000, being high enough to provide pre-
cise results during an acceptable simulation time.

During each iteration the utility of the simulated
net income is calculated:

u(Net Income) = 1− e−
Net Income

ρ (8)

Where ρ corresponds to the risk tolerance coef-
ficient calculated by the methods explained in the
previous section, and Net Income corresponds to
the calculated income in the present iteration. In
the end of a simulation, 5000 iterations were run,
enabling the results of two different curves — the
net income curve, having the different net income
values that occurred during the simulation associ-
ated with their happening frequencies, and the util-
ity curve, having the different utilities calculated
during the simulation and respective frequencies.

In this case, as the risk tolerance coefficient cal-
culation results correspond to a range of values, in-
stead of a single one, the utility output just men-
tioned was calculated twice, using two values of risk
tolerance — the lower and the upper values of the
uncertain risk tolerance range. This way, it is pos-
sible to analyse the two extreme scenarios, and un-
derstand how the decision results would vary de-
pending on a higher or lower risk tolerance inside
the identified range.

First, 9 simulations were run, calculating the ex-
pected and most probable net income for each year
from 2021 to 2029. Together with this results, the
5% VaR was calculated. This value consists in the
possible loss the company may have in each year,
considering a 5% probability, corresponding to an
unlikely, but possible, loss.
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Later, the utility curves were calculated for the
years of 2021 and 2029. The year of 2021 provides
more accurate results, as the risk tolerance coeffi-
cient was calculated with the survey answers given
in this year (2021), revealing the risk tolerance the
company has now, or, in particular, when answer-
ing the survey. Moreover, the results for the year
of 2029 will add a long term perspective for the
decision-making. For each of these two years (2021
and 2029), two utility distributions were also out-
puts of the model, using the lower and the upper
values of the identified risk tolerance range. Ad-
ditionally, 7 other simulations were run for each
of the two years, corresponding to different sce-
narios — one representing the scenario where the
company would adopt all the identified mitigation
strategies, and the others, corresponding to the sit-
uations where the company would adopt each of the
six identified mitigation strategies. The objective is
to study the impact that each mitigation strategy
has on the company’s utility. This way, the strate-
gies must be simulated separately, so it is possible to
understand which strategies contribute to increase
the utility and which strategies will deteriorate it.
The expected value of the utility is calculated

by the @Risk software, corresponding to the mean
value of the obtained utility distribution:

E[u] =

∑5000
i=1 ui

5000
(9)

Where ui corresponds to the simulated utility
value in the iteration i. The 5000 utility values
are summed, and then divided by the total number
of iterations to result in the expected value. As a
result, the advantageous mitigation strategies are
concluded by comparing the expected utility pro-
vided by the utility curve of each scenario.

3. Results and Discussion
3.1. Risk Register
The risk register was developed and the risks were
sorted by the highest impact times probability to
the lowest. The 5 top risks identified were the fol-
lowing:

1. Sales decrease(Probability×Impact = 15): In-
creased competition or changes in consumer
preferences and trends might lead to a decrease
in the company’s sales.

2. Codfish price (Probability × Impact = 15):
The company works mainly with one type of
product, which is the codfish, and its price is
dependent on the quotas defined by the gov-
ernments of the fishing countries. This quotas
are very volatile and, even though the company
is able to pass the price changes to their cus-
tomers, a significant change in the price can

trigger a high reduction of the quantity de-
manded.

3. Reduced margins (Probability×Impact = 15):
Having low margins, periods of less favourable
conditions can more easily lead their profitabil-
ity to zero, or even to negative results.

4. Lack of new products (Probability×Impact =
12): The continuous success of the company
under study is subjected to their ability to
forecast new trends, to innovate accordingly to
those trends, and develop or adopt the neces-
sary technology to launch new products.

5. Increase of the client’s power (Probability ×
Impact = 12): They sell their products to
some retailers that may have increased power,
resulting in lower margins to the company in
study.

In fact, a broad research and context character-
ization has contributed very positively for the risk
identification, as suggested by Gjerdum [8].

Let us note that the identified risks may be
subjective, depending on the available information
and brainstorming capacity. Therefore, other risks
probably exist, and must be continually identified
as the company’s operation changes and evolves.
Additionally, the expected probability and impact
may also be subjective, relying on the expertise of
the company’s managers.

These 5 risks were modelled and implemented in
the MCS model. To do that, as the 5 first risks in
the ranking had the same value of 3 in the prob-
ability scale, the probability of all these risks was
modelled with a Bernoulli distribution with a an-
nual probability of 0.25. Regarding the impact, the
first three risks in the ranking had a classification of
5 in the impact scale, resulting in a Pareto distribu-
tion, while the next two risks in the ranking had an
impact classification of 4, correspondent to an uni-
form distribution varying between 1 and 5 million
euros.

3.2. Multiple Linear Regressions

The results for the multiple linear regressions
(MLRs) have presented some constrains, including
the very short number of observations and variables
involved. The available data allowed the regressions
to be estimated based on the data from the past 10
years and, the more observations there were, the
more accurate the results would be. Nevertheless,
the regressions were successfully calculated for the
3 variables. From now on, let us denote the regres-
sions of the variables operating revenue, material
costs and cost of employees by regression 1, regres-
sion 2 and regression 3; respectively.
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Regarding regression 1, according with the step-
wise method, the operating revenues depend on the
consumer price index in Portugal and on the quan-
tity of frozen codfish produced in Portugal each
year. Relating to regression 2, the material costs
are related with the consumer price index in Ice-
land and with the quantity of codfish produced by
the Portuguese companies. Finally, regression 3 is
a simple linear regression, only depending on the
number of employees of the company.
Table 1 summarizes the characteristics of the

found regressions, containing the information re-
garding the residuals, which are normal distributed
and have a mean of zero.

Table 1: Summary of the MLRs.

MLR R R2 Mean Std. dev.

1 0.96 0.92 0.00 4.45E6

2 0.89 0.80 0.00 5.68E6

3 0.88 0.78 0.00 9.95E5

The obtained regressions depend on less variables
than what would be expected. For example, the
quantity of codfish produced by all the Portuguese
companies is not enough to accurately estimate the
quantity the company buys and sells. Also, the
prices at which they buy and sell depend on sev-
eral factors besides the inflation. Hence, it would
make sense that the regressions incorporated the
average price of codfish and the company’s market
share, for example. A possible reason for the mar-
ket share to not be correlated with their sales and
quantities they buy, is that it was not calculated
correctly. In this case, it was calculated by using
the sales of the company in study and its five main
competitors. So, a possible explanation is that the
market was not well defined, existing other relevant
players, and, as a result, the market share values
are not correct.
Now it is important to verify the accuracy of the

results by the requirements previously set. For the
first one, medium correlations were observed be-
tween the dependent variable and each independent
variable, which does not correspond to the ideal so-
lution, where all these correlations would be high.
For the second condition, all the obtained VIF val-
ues are much below 10 units and the correlations
between the independent variables are low, mean-
ing that there is no multicollinearity. Regarding
the last condition, the errors are approximately fol-
lowing a normal distribution. However, the errors
should be uncorrelated, which is not verified in same
cases, where the errors seem to have a linear rela-
tionship.
Nonetheless, the obtained regressions were imple-

mented in the model, by using the coefficients pro-
vided by the software. Additionally, despite the lim-
itations found during the estimation of the material
costs and the operating revenue, the simulation of
the operating costs and revenues led to very plausi-
ble results. The average of the simulated operating
revenue in 2021 is 176 million euros, whereas the op-
erating costs have an average value of 168 million
euros.

3.3. Mitigation Strategies Register
Moving on to the mitigation register, the six iden-
tified mitigation strategies were the following:

1. Marketing campaig: Marketing campaigns
may contribute to product differentiation and
increase the consumers purchase intention, in-
creasing the quantities sold and, as a result,
the company’s sales.

2. Investing in R&D: Investing in R&D is another
way of differentiating the products and inno-
vating, increasing the sales of the company, and
automatizing and improving the processes, de-
creasing the company’s costs.

3. Hedging: Hedging contributes to reduce the
impact of commodities’ price volatility.

4. Supplier contracts negotiation: Setting prices
and quantities in contracts with the suppliers
may be beneficial for both parties, since the
buyer locks in a favourable price and the seller
guarantees future sales.

5. Export to new countries: Expanding to new
countries reduces the macroeconomic risks spe-
cific to a country or a group of countries. Also,
it increases the number of costumers of the
company, contributing to a possible sales’ in-
crease.

6. Selling directly to consumers: This strategy re-
duces the risk associated with the company’s
clients, which are not the final consumers. A
way of selling directly to the end consumers is
online sales.

To model these strategies, several assumptions
had to be made, by consulting various sources.
These assumptions are subjective and, when using
this model for decision-making, the company should
study in detail the impact of the different decisions
they want analyse. The result of this step was the
definition of the implementation cost for each of the
strategies and the impact of the strategy. For exam-
ple, both the strategies of hedging and negotiating
prices with the suppliers are modelled by eliminat-
ing the codfish price risk, that was previously mod-
elled.
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3.4. Risk Tolerance

Regarding the risk tolerance results, the different
methods provided very different results regarding
the risk tolerance of the company in study, between
8 and 21MAC.
The first method is very simple to implement,

not requiring any subjective view of the company’s
managers for specific decisions or gambles. The for-
mulas assume a constant proportion between the
sales and the equity of the company, which corre-
sponds to a limitation. Nevertheless, in this case,
that proportion was roughly reached in 2015. Using
this method, two conclusions could be took straight
away. The first one is that the risk tolerance of the
company has been increasing over the past years.
This makes sense, since they have been expand-
ing their business, increasing their costs, revenues
and profits. So, their tolerance to lose money is
expected to grow together, since the same amount
of money starts representing a smaller and smaller
percentage of their traded volume. As a result, one
may assume that the coefficient is currently slightly
greater than it was in 2019 and that it will likely
continue to rise in the coming years. The second
conclusion is that, even though the two formulas to
calculate the risk tolerance provide very different
results in some years, the risk tolerance coefficient
was around 9MAC in 2019.

Moving to the second method, the company’s
managers have answered that they would accept a
gamble with a 50% chance of wining X and 50%
chance of losing X/2 for values of X equal or bel-
low 8MAC, risking to lose a maximum of 4MAC. In
this method, this value of 8MAC corresponds to the
risk tolerance coefficient. The results of this gam-
ble seem to provide more conservative results, when
comparing with any of the other methodologies.

On the other hand, the third method results in
higher risk tolerance values. In this gamble, the
company’s decision-makers claim to be willing to
bet 10MAC for a 50% chance of wining 10100MAC.
The computation of the risk tolerance will lead to
a result of 14.43MAC for the coefficient. One may
conclude that when gambling to win an arbitrary
amount of money, the willingness to lose money in-
creases more than the expected, compared with a
situation of winning twice the bet amount. Con-
sidering that the company’s risk tolerance is in the
range between the values reached through this gam-
bles, it is possible to conclude that the simpler ap-
proach of the first method, that was initially tested
for oil and chemicals companies [10], also applies to
the codfish processing industry.

The last method used, developed by Walls [17],
suggests an higher risk tolerance coefficient than
the other methods. Considering only four of the
decisions of this method, the result for the coeffi-

cient would be between 13 and 21 million euros,
including lower values consistent with the previous
method analysed. Nevertheless, one of the deci-
sions has changed this results since the company’s
managers have shown a 100% willingness to lose
100KAC with a 90% probability, for the 10% chance
to win 100MAC. This way, this methodology added
a valuable insight to the equation, exposing a much
higher tolerance to risk than the initially predicted.
The determined risk tolerance through this method
corresponds to a range between 19 and 21 million
euros.

For the next steps, it makes sense to consider
two scenarios of risk tolerance coefficient values and
compare the results provided by each scenario. If
both coefficients provide the same decision it is not
important to specify the value of the coefficient
within the range to conclude weather the mitigation
strategy is recommended or not. Given the results,
let us assume a risk tolerance range between 8 and
21 million euros.

3.5. Net Income and Value at Risk

The simulation was run for the 9 years, from 2021
to 2029, and the net income results are bell shaped
curves, similar to the normal distribution. Table 2
presents the minimum, maximum and mean values
of the simulated net incomes. As can be verified, the
obtained ranges are very wide, with low precision.
As a result, the company’s future results will very
likely be included in the range. Nonetheless, this
range is not acceptable, when using the results to
help in decision-making, being too wide to enable
any conclusion.

Table 2: Simulated net income for the years from
2021 to 2029.

Simulated Net Income (€)

Year Min. Max. Mean 5%VaR

2021 -3.67E7 1.80E7 -3.38E6 1.66E7

2022 -3.46E7 2.27E7 -2.71E6 1.60E7

2023 -3.56E7 2.36E7 -1.78E6 1.56E7

2024 -3.78E7 2.19E7 -8.97E5 1.45E7

2025 -2.95E7 2.48E7 3.44E4 1.37E7

2026 -3.27E7 2.36E7 9.26E5 1.30E7

2027 -3.26E7 2.53E7 1.85E6 1.26E7

2028 -3.10E7 2.58E7 2.92E6 1.09E7

2029 -2.94E7 2.73E7 3.95E6 1.03E7

Furthermore, the average net income of the years
between 2021 and 2024 is negative, which is not con-
sistent with the positive results the company has
had in the past years. Possibly, during the mod-
elling of the top 5 risks in the register, the risks’
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probability was overestimated, lowering the average
results more than the reasonable. This overestima-
tion is due to the subjectivity associated with the
risks modelling, and consistent with the limitations
of MCS found by Crum and Rayhorn [5], since these
authors have also verified the same limitation dur-
ing their simulations. Nonetheless, the net income
simulations have captured the growing tendency of
the company’s results, estimating a net income in-
crease of 7 million euros in 8 years, when comparing
2029 results with 2021 ones.
Additionally, Table 2 also contains the 5% VaR

information. In 2021, the company is risking a 5%
chance of losing almost 17 million euros, which may
correspond to a low probability, but is a very sig-
nificant loss, that would very likely completely de-
stroy the business of the company under study. In
2029, the model predicts a decrease in this value to
roughly 10 million euros, which is still higher than
what would be acceptable in a healthy business.

3.6. Utility Results
Moving to the utility results, two utility outputs
were calculated in the model, using the two ex-
treme values of the possible risk tolerance coefficient
range:

u8 = 1− e−
Net Income

8E6 (10)

u21 = 1− e−
Net Income

2.1E7 (11)

Where uρ is the utility provided using the risk
tolerance coefficient ρ and Net Income is the simu-
lated net income in each iteration. In the end of the
simulation, the expected value (average value of all
iterations) was considered, and will be presented.
The model was run for the two risk tolerance co-

efficients and the 8 mitigation scenarios. Let us
denote the first simulation by simulation 1, corre-
sponding to the current operation scenario. The
6 simulations corresponding to individually imple-
menting each of the 6 identified mitigation strate-
gies will be noted by simulations 2 to 7 and, lastly,
simulation 8 corresponds to simultaneously imple-
menting all the mitigation strategies. Table 3 sum-
marizes the expected utility resultant from the sim-
ulation of these scenarios in the years of 2021 and
2029.
Analysing Table 3, similar conclusions can be

took for the two years and the two risk tolerance
coefficients. The mitigation strategies that provide
a greater utility to the company when put in prac-
tice are hedging (simulation 4) and the supplier con-
tracts negotiation (simulation 5). Additionally, in-
vesting in R&D (simulation 3) and expanding to
new countries (simulation 6) decrease the expected
utility. The results have shown that the added
benefit of these strategies do not compensate for

Table 3: Expected utility using the two risk toler-
ance coefficient for different scenarios for 2021 and
2029.

2021 2029

Sim. \ RT 8MAC 21MAC 8MAC 21MAC

1 -1.52 -0.26 -0.06 0.11

2 -1.45 -0.25 -0.05 0.11

3 -1.70 -0.29 -0.14 0.08

4 -1.19 -0.22 0.08 0.14

5 -0.80 -0.14 0.23 0.19

6 -2.03 -0.37 -0.26 0.03

7 -1.56 -0.26 -0.08 0.11

8 -1.327 -0.27 0.04 0.10

their costs, resulting in less utility for the company.
Lastly, the marketing campaign (simulation 2) and
selling directing to the consumers (simulation 7) do
not significantly change the utility value, when com-
pared with simulation 1.

The last line of the table contains the results
when all the mitigation strategies were simulated
simultaneously. If the company has a risk tolerance
value closer to 8 million euros, they would benefit
from applying all the mitigation strategies at the
same time. On the other hand, if having a higher
tolerance to risk, they are more willing to take risks,
and less in need to apply the mitigation strategies.
As a result, when considering a risk tolerance of 21
million euros, applying all the strategies is not ben-
eficial anymore, contributing to a decrease in the
provided utility. Hence, a more risk averse com-
pany must benefit more from managing risk than a
more tolerant one.

Let us note that the utility values are likely in-
correct for 2021, since these depend on the expected
net income, which is also very likely incorrect. Nev-
ertheless, the negative values could be compared
and it could be concluded that the implementation
of some decisions is more beneficial than the imple-
mentation of the others, providing greater values of
utility.

4. Conclusions

Risk management practices were applied to a cod-
fish processing company, which have had positive
results so far, but is exposed to a variety of un-
certainties related with their operation, such as the
relationship with their customers, decrease in the
demand for codfish and abrupt increases in the cod-
fish price.

Regarding the developed MCS model, its reliabil-
ity has been questioned, since the risks, mitigation
strategies and forecast of the variables were made by
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resorting to the expertise of several entities, which
may be subjective. A very significant limitation of
the model, is the MLRs found. In this case study,
the available information was restricted to the to-
tal values of sales and material costs, without the
quantities bought and sold specification, neither the
prices at which they buy and sell each year. It was
concluded that the macroeconomic, market prices
and quantities variables are not accurate in pre-
dicting the dependent variables. Possibly, better
regressions could be found to explain the variables:
(a) codfish annual buying price, (b) annual quantity
sold per product and (c) tonnes of codfish bought
annually.
As a result, the net income forecast result is a

very wide range of values, with a negative average
for some of the years. These results were not consis-
tent with the company’s positive results of the past
years. As expected, the negative incomes provide
negative utility to the company in study. Thus, the
utility values are likely incorrect. Nonetheless, the
utility analysis allows a comparison between differ-
ent scenarios. Therefore, it has proved to be a great
approach for decision-making. The results have also
shown that a more risk averse decision-maker ben-
efits more from mitigating risks than a more risk
tolerant one.
The utility analysis was made through the use of

an exponential utility function, using the risk toler-
ance coefficient. The coefficient calculation meth-
ods have provided different results. In particular,
the methods proposed by Howard [10] and Neapoli-
tan and Jiang [15] lead to similar and conserva-
tive results. Conversely, the methods suggested by
Delquie [6] and Walls [17] have resulted in higher
risk tolerance values.
To conclude, this research has contributed to

study the adaptability of the different risk manage-
ment frameworks for the codfish processing indus-
try and to verify the accuracy of the used methods.
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