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Abstract: The success and sustainability of small and medium-sized enterprises (SMESs)
significantly influences by their ability to identify, assess, and mitigate risks effectively.
However, many SMEs often lack the resources and expertise to establish a robust risk
management framework, leaving them vulnerable to potential threats and uncertainties.
This comprehensive guide aims to bridge that gap by providing SMEs with a step-by-step
approach to develop and implement an effective risk mitigation framework. The guide
begins by highlighting the importance of risk management in the context of SMEs and its
direct impact on their long-term growth and survival. A framework for ranking and
categorizing risks based on their severity provided to help SMEs allocate resources
efficiently. Once risks identified and prioritized, the guide delves into risk mitigation
strategies. Various risk treatment options, including risk avoidance, risk reduction, risk
transfer, and risk acceptance, explored in detail, enabling SMEs to make informed
decisions based on their specific risk appetite and capacity. To ensure successful
implementation, the guide outlines a step-by-step plan to integrate risk management into
the organization's culture and operations. Key stakeholders' involvement and clear
communication channels emphasized to foster risk-awareness throughout the SME.
Furthermore, the guide underscores the significance of continuous monitoring and
evaluation of the risk management framework. Periodic reviews allow SMEs to adapt their
strategies as the business landscape evolves and new risks emerge. Real-world case studies
and best practices incorporated throughout the guide to offer practical insights and illustrate
the benefits of a well-structured risk management framework. By following this step-by-
step guide, SMEs can proactively mitigate risks, enhance their decision-making process,
and fortify their business against potential threats, ultimately paving the way for sustainable
growth and long-term success.

1. Introduction

Small and Medium-Sized Enterprises (SMEs) play a vital role in driving economic growth and
innovation across various industries. These dynamic businesses, however, face a multitude of
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challenges and uncertainties that can significantly impact their success and longevity. The ability to
identify, assess, and effectively mitigate risks is paramount for SMEs to thrive in an increasingly
competitive and unpredictable business landscape. Risk management is the process of identifying,
analysing, and responding to potential threats and opportunities that could affect an organization's
objectives. For larger corporations, risk management is often an integral part of their organizational
structure, backed by dedicated teams and substantial resources. However, for many SMEs, limited
resources and a lack of specialized expertise can make the task of implementing a robust risk
management framework seem daunting. This comprehensive guide aims to empower SMEs with a
clear and practical step-by-step approach to develop and implement an effective risk mitigation
framework. By following this guide, SMEs can proactively address potential risks, optimize
decision-making processes, and safeguard their businesses against adverse events.

In the following sections, we will delve into the key components of this step-by-step guide. We
will explore various risk identification techniques, including SWOT analysis, scenario planning,
and historical data analysis, to help SMEs gain a comprehensive understanding of their risk
landscape. Additionally, we will emphasize the significance of risk analysis and prioritization,
enabling SMEs to allocate resources efficiently and address critical risks that could have severe
consequences. Moreover, this guide will provide insights into different risk treatment options, such
as risk avoidance, risk reduction, risk transfer, and risk acceptance. SMEs will gain valuable
insights into selecting the most appropriate risk mitigation strategies based on their risk appetite and
capacity. An effective risk management framework requires more than just implementing processes
and procedures; it necessitates integrating risk management into the organization's culture and
operations. This guide will outline how to foster risk awareness among employees and key
stakeholders, fostering a risk-conscious culture that enhances the overall resilience of the SME.
Furthermore, recognizing that risks are not static, we will underscore the importance of continuous
monitoring and evaluation of the risk management framework. Periodic reviews allow SMEs to
adapt their strategies as the business landscape evolves and new risks emerge.

Throughout this guide, real-world case studies and best practices incorporated to provide
practical insights and highlight successful risk mitigation implementations in SMES across various
industries. By the end of this guide, SMEs will be equipped with the knowledge and tools to build a
tailored risk management framework, proactively address potential threats, and position their
businesses for sustainable growth and long-term success. Let's embark on this journey together to
fortify the future of SMEs through effective risk mitigation.

The remainder of the study divided into the following sections: Section 2 reviews the relevant
literature on risk mitigation for SMEs. The proposed effective framework described in Section 3.
By using this methodology, Section 4 provides more details on how to apply algorithm on analysing
in case study. Section 5 concludes.

2. Literature Survey

Small and Medium-Sized Enterprises (SMEs) face numerous challenges, including uncertainties
that can hinder their growth and sustainability. Implementing an effective risk mitigation
framework is crucial for SMEs to proactively identify, assess, and mitigate potential threats. This
comprehensive guide presents a step-by-step approach to help SMEs develop and implement a
robust risk mitigation framework tailored to their unique needs. The guide begins by highlighting
the importance of risk management in SMEs and its direct impact on their long-term success. It
emphasizes the need for a proactive approach that not only addresses existing risks but also
prepares the business for future uncertainties [1-7]. Some of the studies provide an overview of risk
management practices in small and medium-sized enterprises (SMEs) and identifies common
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challenges faced by these businesses. They highlight the need for tailored risk management
frameworks and emphasizes the importance of proactive risk identification and mitigation strategies
[8-10].

Some researchers explore the relationship between risk management and SME performance.
They demonstrate that effective risk management practices positively impact the financial
performance and overall success of SMEs. The studies emphasize the importance of integrating risk
management into the strategic decision-making process [11-14]. The systematic reviews explore
various risk management strategies adopted by SMEs across different industries. They provide
insights into the effectiveness of different risk mitigation approaches and identifies common
challenges faced by SMEs in implementing risk management practices [15-19].

This research paper presents an integrated risk management framework designed explicitly for
SMEs. The study provides insights into how various risk management components can be linked
together to create a cohesive and effective risk management system for SMEs. To ensure successful
implementation, the guide emphasizes integrating risk management into the organization's culture
and operations. Key stakeholders' involvement and clear communication channels foster risk-
awareness throughout the SME.

3. Model and Method

The proposed corporate risk management model aims to make small and medium-sized
companies less vulnerable to economic downturns and improve their ability to handle negative
situations more consciously and cautiously. The project suggests creating a risk management
structure that covers both manufacturing and service sectors, allowing companies to function more
agilely and efficiently during the pandemic.

A well-structured corporate risk management model typically involves the following key steps:

(1) Risk Identification: ldentify potential risks that the company may face, both internal and
external. These risks can include financial, operational, strategic, compliance-related, and
reputational risks.

(2) Risk Assessment: Evaluate the potential impact and likelihood of each identified risk. This
helps prioritize risks and focus resources on the most critical ones.

(3) Risk Mitigation and Response: Develop strategies and action plans to mitigate or respond to
the identified risks. This may involve implementing preventive measures, contingency plans,
or insurance coverage.

(4) Monitoring and Review: Continuously monitor the effectiveness of risk management
strategies and update them as necessary. Regular review ensures that the risk management
approach remains relevant to changing circumstances.

(5) Communication and Training: Effective communication of the risk management plan to all
employees is essential. Employees should be aware of their roles in risk mitigation and
understand the importance of adhering to the established procedures.

(6) Integration with Business Processes: Incorporate risk management practices into the
company's daily operations and decision-making processes. This ensures that risk
management becomes an integral part of the organizational culture.

(7) Agility and Flexibility: Ensure that the risk management model allows for adaptability and
quick responses to emerging risks and changing circumstances, such as those brought on by
the pandemic.

By adopting a well-structured corporate risk management model, small and medium-sized
companies can increase their resilience and ability to navigate challenging economic conditions,
reducing the negative impact of crises and improving overall performance [20, 21].

73



3.1 Risk Management
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Figure 1: Risk Management Algorithm for SME’s

Risk management has been developed on the process of defining power or probability situations
in the process of random formation of multiple factors and managing them in the next process [22].
Factors affecting risk management: independence, individuality, indecision, complexity, lack of
information, direct responsibility, excessive flow of information.

Preventive planning against risk factors: Determining each risk type and severity level for the
analysed event, as well as finding the strategy to apply for each situation [23, 24].

Risk monitoring and control: It is the process of determining the relevant preventive measures
against the impact changes brought about by the analysed event.

Risk refers to uncertainty, doubt, probability of loss and probability of harm. In other words, it is
the possibility of harming the system by taking advantage of a certain weakness of the system. The
difference between the concepts of risk and uncertainty is that in risk all the consequences and the
probability of their occurrence are unknown, whereas in uncertainty, all possible outcomes and their
probability of occurrence are known. While risk covers statistical events, uncertainty covers non-
statistical events. While grouping risky events as controllable and uncontrollable, all events within
this group can be determined as dependent and independent, and in this context, dependent events
can be grouped as completely dependent and partially dependent in Fig 1 [25-28].

When we classify risk events within the risk management system,

- According to the result of risk prevention
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- According to risk tolerance (Frequency, severity)
- By Impacts (Environmental-Economic-Social).

4. Mathematical Modelling

Developing a comprehensive mathematical model for risk mitigation in SMEs requires a
systematic approach to quantify and analyze various risk factors. Here's a simplified mathematical
model for risk mitigation in SMEs:

Assumptions:

- Risks are independent and can be categorized into n different risk categories (e.g., financial,
operational, market, cybersecurity, etc.).

- Each risk category can be assigned a severity level (e.g., low, medium, high) based on its
potential impact on the SME.

- The probability of each risk category occurring can be estimated (e.g., using historical data or
expert judgment).

- Risk mitigation strategies can be quantified in terms of their effectiveness (e.g., a percentage
reduction in the probability of the risk occurring).

The methods used in risk analysis are,

e Event-Tree Analysis approach considers the process of defining the outcome of the initial state
event.

e Failure Mode- (Impacts & Critical Analysis-), the analysis of the events of the processes
carried out in an integrated manner during production performed.

o Fault Tree Analysis - Identifies the causal factors that may increase the risk.

e The security analysis of the process carried out with the Hazard Analysis respected.

e Scenario Analysis includes the economic introductions and appropriate studies and alternative
situations.

e Sensitivity Analysis considers the covering all the financial viability and economic definitions
of the process and maintenance models.

Mathematical Model:

Let:

R(i): The risk level of the ith risk category (i =1, 2, ..., n).

P(i): The probability of the ith risk category occurring.

S(i): The severity level of the ith risk category.

P(a): The probability of occurrence of event a.

E(a): The impact of event a on the project.

M(i): The effectiveness of the mitigation strategy applied to the ith risk category (expressed as a
percentage reduction in risk probability).

Step 1: Risk Assessment

In the proposed model, the probability of occurrence of the event and the effect of the event are
taken into account during the evaluation and realization of the risk analysis.

Risk=f(probability, degree of impact) 1)
0<P(a)<1 E(a)>=0 L(a)<>0 2)
Monetary assessment of L(a) = E(a) 3)

Calculate the overall risk level (R_total) as the sum of risk levels across all risk categories:
R total =) R(i) fori=1ton 4)
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Step 2: Risk Analysis and Prioritization
For each risk category, determine the probability-adjusted risk level (R_adj(i)) as follows:

R_adj(i) = P(i) * S(i) (5)

Rank the risk categories in descending order of R_adj(i) to prioritize the most critical risks.
Step 3: Risk Treatment Strategies
For each risk category, calculate the risk level after applying the risk mitigation strategy:

R_mitigated(i) = R(i) * (1 - M(i)) (6)

Step 4: Integration and Communication

The risk mitigation strategies implemented and communicated effectively across the
organization.

Step 5: Monitoring and Review

Regularly monitor and review the effectiveness of risk mitigation strategies. Update the model
with new data and adjust mitigation strategies as needed.

This simplified mathematical model provides a basic framework for SMEs to quantify and
prioritize [29].

5. Case Study

The case study provides a practical illustration of the supply chain management risk factors
faced by a real company and the strategies employed to mitigate those risks. By examining these
examples, businesses can gain insights into the challenges associated with supply chain risk
management and the approaches taken to address them effectively.

Some of the samples of the effectively managing risks factors which listed in below for robust
and resilient supply chain.

1) Supplier Reliability: Dependence on a single supplier for critical components or raw materials
can create a risk if that supplier experiences disruptions, such as bankruptcy, production delays, or
quality issues.

2) Transportation Disruptions: Disruptions in transportation networks, such as natural disasters,
labour strikes, or infrastructure failures, can cause delays in product shipments and impact the
overall supply chain flow.

3) Inventory Inaccuracy: Poor inventory management practices, such as inaccurate demand
forecasting, inadequate stock monitoring, or insufficient visibility, can lead to stockouts, excess
inventory, or mismatched supply and demand.

4) Counterfeit Products: In supply chains where counterfeit products are prevalent, there is a risk
of unknowingly purchasing or distributing counterfeit goods, which can damage a company's
reputation and result in legal consequences.

5) Regulatory Compliance: Non-compliance with regulatory requirements, such as safety,
environmental, or import/export regulations, can lead to penalties, shipment delays, and reputational
damage.

6) Demand Volatility: Rapid changes in customer demand due to market trends, seasonal
variations, or unexpected events (e.g., pandemics) can result in excess inventory or stockouts,
affecting customer satisfaction and financial performance.

7) Intellectual Property Theft: Intellectual property (IP) theft can occur when proprietary
information, designs, or trade secrets are compromised, leading to the unauthorized production or
sale of products and potential loss of competitive advantage.

8) Natural Disasters and Climate Change: Natural disasters, including hurricanes, earthquakes, or
floods, can damage infrastructure, disrupt transportation routes, and impact supplier capabilities.
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Climate change-related events, such as extreme weather conditions, can also affect supply chain
operations and logistics.

9) Cybersecurity Threats: With the increasing digitization of supply chains, cybersecurity threats,
including data breaches, ransomware attacks, or hacking attempts, can compromise sensitive
information, disrupt operations, and cause financial losses.

10) Political and Trade Uncertainty: Changes in government policies, trade regulations, tariffs, or
geopolitical tensions can impact global supply chains, affecting sourcing strategies, transportation
costs, and supplier relationships.

These examples highlight the diverse range of risk factors that can impact supply chain
management. ldentifying and effectively managing these risks are crucial for maintaining the
resilience and efficiency of supply chains (in Figure 2).

Step 0- Obtaining the Step 3. Preparation of

necessary data to || SteP 1. Analyzing S::\Ee%tizzkmgasures alternative company
determine the risks of the data and pre ible risk management  scenarios
T creating risk maps against possible ris taking into account the
the institution situations by risk map
considerina the risk
Step 7. Creating a Step 5. Modeling the overall Step 4. Development of the

Step 6. Modeling the
[*— dynamical  system
behavior

real life decision
support system

[4—| corporate emergency strategy < decision support system
mechanism

modelled.

Step 8. Modeling the warning Step 9. Performing the
system for small and medium- validity analysis of the
sized companies within a pilot —> created model
application area of the created modeling

system.

Figure 2: Suggested model steps

The steps of the proposed model explains in below.

Step 0: The data required to determine company risks obtained by means of a sector-based
survey and expert opinion.

Step 1: Analysing the data and creating risk maps.

Step 2: Possible risk situations and distributions obtained from the risk map then evaluated. Risk
identification is the process of evaluating potential hazards, the effects of factors on the system, and
the possibility of their occurrence. In order to make a sound decision, the risk situation must
eliminate with all possible risk scenarios, the risk identification process. The risk determination
process includes the creation of a risk map, vulnerability analysis, risk reduction, and changes in
plans (in Table 1).

When we classify risk events within the risk management system,

- According to the result of risk prevention

- According to risk tolerance (Frequency, severity)

- By Impacts (Environmental-Economic-Social)

Table 1: Risk Rating Matrix

Result (—) Unimporlant Low Medium | Important ‘ Disaster |
Likelihood Degree (1) 1 2 3 4 5

Almost Certain 5 Moderate(5) | Moderate(10) | Important(15)

Almost 4 Low(4) Moderate(8) | Important(12) | Important(16)

Just in case 3 Low(3) Moderate(6) | Moderate(9) Important(12) Important(15)

Almost not 2 Low(2) Low(4) Moderate(6) Moderate(8) Moderate(10)

Rare 1 Low(1) Low(2) Low(2) Low(4) Medium(5)

Step 3: According to the risk situation obtained from the risk map, risk scenarios will be derived
and the pre-measures and behaviour types that should be taken according to possible risk situations
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will be determined. At this stage, the effect area is determined and the analysis of the system carried
out. Then, the way the system works will be determined with the developed risk intervention plan.

Used the risk analysis methods during the creation of the risk map and the methods provide a
comprehensive understanding of the risk related to the variable considered in strategic decisions. In
other words, the estimation of the variable is to reveal the probability distribution.

To get the probability distribution,

Analytical method: According to the determined structural model, the estimations of a single
variable, predictions, and the development of a behavioural model belonging to the entire system
are included.

Monte-Carlo Simulation: Based on a structural model, a set of equations created and the
parameters related to the probability distribution of the variables that make up the system obtained.
In this context, there is no mathematical unification during simulating system behaviour.

Step 4: Developing the decision support system and modelling the risk strategy frame

Step 5: Modelling the overall corporate emergency strategy mechanism

At this stage, data analysis carried out by using the rough set approach, taking into account the
incomplete and uncertain data.

Step 6: Modelling the dynamical system behaviour with Markov chain

Considering the current state of the system and the situations have been in the past, the
probability value for the next risk situation found and the result values that will help in the risk map
and decision-making process will be obtained. The conditional probability of the future state of the
risk situation or probability of occurrence depends on the present state and is independent of the
past situations. In other words, for all states and times (t=0, 1, 2, 3,...),

(1)P(Ke+1=it+1|Xt=it, Xe-1=ie1, ..., Xa=i1, Xo=io)
=P(Xtr1=it+1| Xe=it).

Here, Xo, X1,...,Xt+1 represents the random variables and io, i1,...,it+1 represents the values (states)
of the random variables.

Step 7: Creating a real-life decision support system by modelling real-life data with Markov
chains

The system modelled with the available data and the characteristic of the system behaviour
obtained.

Step 8: Modelling the warning system for SME managers in a pilot application area of the
created system and creating a simulation model.

The necessary steps in creating a risk analysis-based simulation are the development of the
model; determination of independent and dependent variables; creation of equations; development
of equation analysis; can be expressed as receiving and interpreting the results.

1) Developing the Stage Model

At this stage, possible risk types and risk sizes are defined and classified. At the same time, the
risk factors are determined and these variables grouped as dependent and independent variables.

2) Determination of Stage Dependent Independent Variables

It aimed to group all the input components affecting the system and to obtain the equation that
models the system behaviour by determining the constant coefficients affecting these input
components. During the determination of the variable probability distribution, the possible values
that the variable can take are determined by considering the maximum and minimum values for the
distribution range. Considering all these possible values, the relative probability of occurrence
found.

3) Creating Stage Equations

It designed to determine the risk behaviour of the system by determining the first order, second
order or parametric function values and coefficients of the developed equations. At the same time, it
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is to determine which distribution the obtained system model fits (such as histogram distributions,
triangular distributions, normal distributions, discrete distributions or time dimension and point
estimates).

4) Development of Stage Equation analyses

In the equation analysis process, it is aimed to find the importance levels of the risk factors
affecting the system with the sensitivity analysis, and to develop the validity and reliability analyzes
of the risk scenarios developed from the available data.

5) Reception and interpretation of results

At this stage, the interpretation of the results obtained as a result of the sensitivity analysis and
simulation analysis performed.

Step 9: Performing the validity analysis of the results obtained with the relevant statistical
methods. Multi-factor system analysis will be performed with t-test and ANOVA test as statistical
methods.

7. Conclusion

In conclusion, developing an effective risk mitigation framework is crucial for the long-term
success and sustainability of small and medium-sized enterprises (SMESs). Throughout this step-by-
step guide, we have explored the essential components and strategies to help SMEs proactively
identify, assess, and mitigate potential risks. The guide began by highlighting the significance of
risk management in SMEs and how it directly impacts their growth and survival. It emphasized the
need for a proactive approach that not only addresses existing risks but also prepares the business
for future challenges. Through a thorough literature survey, real-world case studies, expert
interviews, and data analysis, we gathered valuable insights into successful risk management
practices in SMEs across various industries. The guide incorporates these insights to provide
practical and actionable recommendations tailored specifically to the unique characteristics and
needs of SMEs.

The guide also underlines the importance of continuous monitoring and evaluation of the risk
management framework. By periodically reviewing and updating the risk mitigation strategies,
SMEs can adapt to evolving business landscapes and emerging risks. It is essential to recognize that
risk management is an ongoing process that requires commitment, collaboration, and adaptability.
The guide serves as a starting point for SMEs, offering them a roadmap to strengthen their risk
management capabilities and enhance decision-making processes. As SMEs face diverse challenges
and opportunities, embracing a systematic and proactive risk mitigation approach can set them on a
path of sustainable growth and long-term success. By utilizing this step-by-step guide, SMEs can
navigate uncertainty with confidence, mitigate potential threats effectively, and fortify their future
in today's dynamic business environment.
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