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Learning Objectives:
After studying this chapter, you will be able to:

1)Understand the different available options/tools to use for managing the risks.

2)Know the difference between the expected tangible loss criteria and the expected total

loss criteria (tangible & intangible total losses-cost of worry or anxiety.
3)How to select the optimal tool(s) of risk management.

Introduction:

Risk management is an essential function for businesses seeking to protect their assets,
ensure operational continuity, and optimize financial performance. The core of effective
risk management lies in identifying, assessing, and implementing appropriate tools to
mitigate potential losses arising from unforeseen events. One of the most common and
potentially catastrophic risks businesses face is accidental property loss, such as damage
from fire. These losses can have both tangible effects-such as direct repair and
replacement costs-and intangible effects-such as business interruption, reduced

employee morale, and reputational damage.

Effectively implementing a risk management strategy necessitates a strategic trade-off
between budgetary constraints and the comprehensiveness of coverage. Decision-
makers frequently employ data-driven models, such as the Minimum Expected Tangible
Loss Criteria, to rank choices by their projected financial impact. Nonetheless, the
human element, including the stress of operating under uncertainty, cannot be ignored.
The Worry Method addresses this gap by factoring in both monetary and emotional costs,

thus providing a complete picture of a risk's consequences.
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This case presents a simulated business facing a known probability of fire-related losses.
The person responsible for risk must evaluate five distinct alternatives: from total self-
insurance to various insured options. A key alternative involves a proactive loss control
intervention—the installation of a sprinkler system—that fundamentally alters the risk
profile. Each strategy presents a unique financial outcome, encompassing both direct

expenses and the subjective toll of concern.

The purpose of this case study is to evaluate and compare nine risk management
techniques using two separate decision-making criteria:

a) Minimum Expected Tangible Loss-focusing solely on measurable financial
losses.

b) Worry Method-incorporating both tangible losses and assigned values for
anxiety or uncertainty.

By systematically applying these criteria, the case study aims to determine the most
appropriate risk management tool for the given situation. The results not only illustrate
the trade-offs between cost, protection, and peace of mind but also provide a practical
framework for risk managers facing similar decisions in real-world business

environments.

The Case Study:

Suppose that a business is exposed to accidental property losses (fire) that are described

by the following probability distribution:

Probability Distribution

Loss Probability

0 0.648
$300,000 0.189
$800,000 0.129
$3,000,000 0.018
$10,000,000 0.009
$20,000,000 0.005
$30,000,000 0.002

Further assume that the risk manager must decide among of the following nine courses
of action:
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1- Retain the possible accident losses.

2- Retain the possible accident losses, but introduce some Loss Control system
instruments (sprinkler) that cost $214,000 which will change the probabilities in the

above probability distribution as follow:

Probability Distribution

Loss Probability
0 0.721
$200,000 0.151
$600,000 0.102
$1,600,000 0.014
$8,000,000 0.007
$17,000,000 0.004
$24,000,000 0.001

3-Buying Full Insurance for $328,000 & installing Loss Control instruments
(sprinklers) that cost $214,000

4-Buying Insurance for any losses up to $10,000,000 for Insurance Premium of
$424,400

5-Buying Insurance for any losses that exceed $1,000,000 for Insurance Premium of
$315,200

6-Buying Full Insurance for Insurance Premium of $543,300

7-Buying Insure for any losses that exceed $3,000,000 for Insurance Premium of
$156,000 & installing Loss Control instruments (sprinklers) that cost $214,000

8-Buying Insurance with a franchise of $1,000,000 for Insurance Premium of $356,700

9-Insurance with a franchise of $1,000,000 & Installing Loss Control instruments that
cost $214,000 & Insurance Premium of $210,400

As a risk manager, determine the proper tool(s) using:
The minimum expected tangible loss criteria.

b. The minimum expected total loss criteria (tangible & intangible total losses) if
the cost of worry (or anxiety) the risk manager assigned for each tool respectively
are as follow:

$80,000 | $70,000 0 $30,000 | $50,000 | 0 | $60,000 | $40,000 | $20,000
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Case

Solution:

Let's analyze the problem step by step.

We are given two probability distributions for losses: one without loss control and one
with loss control (which costs $214,000). There are nine courses of action to consider.

We need to evaluate these using:

a.

The minimum expected tangible loss criteria.

b. The minimum expected total loss criteria (tangible + intangible), where
intangible costs (cost of worry) are provided for each option.

First, let's define the expected tangible loss for each option. The tangible loss includes:

For retention: expected loss from the probability distribution.

For retention with loss control: expected loss from the modified distribution
plus the cost of loss control.

For insurance options: insurance premium taking into consideration any
deductible, franchise or retained loss, plus cost of loss control if applicable.

The intangible cost (cost of worry) is given for each option.

Option 1: Retain the possible accident losses.

Expected Tangible Cost for Option 1: Retain the possible accident losses

Insurance Total
Premium Expected
Insured Expected Sprinkler| Tangible
Option Loss Prob. Payment Loss Cost Cost
1 0 0.648 0 0 0 0 0
1 300,000 0.189 300,000 56,700 0 0 56,700
1 800,000 0.129 800,000 103,200 0 0 103,200
1 13,000,000 0.018 3,000,000 54,000 0 0 |54,000
1 10,000,000 0.009 10,000,000 90,000 0 0 90,000
1 20,000,000 0.005 20,000,000 100,000 0 0 100,000
1 (30,000,000  [0.002 30,000,000 60,000 0 0 [60,000
Sum 1 463,900 0 0 | 463.900
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Expected Loss = X (Loss x Probability)

No additional costs = Expected Total Tangible Cost for option 1= $463,900

= (0 x 0.648) + (300,000 x 0.189) + (800,000 x 0.129) + (3,000,000

x 0.018)

+ (10,000,000 x 0.009) + (20,000,000 x 0.005) + (30,000,000 x

0.002)

=0+ 56,700 + 103,200 + 54,000 + 90,000 + 100,000 + 60,000
= $463,900

Option 2: Retention + Loss Control (sprinkler cost $214,000)

Expected Tangible Cost for Option 2: Retention + Loss Control

Insurance Total
Premium Expected
Insured Expected Sprinkler Tangible
Option | Loss Prob. | Payment Loss Cost LGS

2 0 0.721 |0 0 0 214,000

2 200,000 0.151 | 200,000 30,200 0 214,000

2 600,000 0.102 | 600,000 61,200 0 214,000

2 1,600,000 0.014 | 1,600,000 22,400 0 214,000

2 8,000,000 0.007 | 8,000,000 56,000 0 214,000

2 17,000,000 | 0.004 | 17,000,000 68,000 0 214,000

2 24,000,000 | 0.001 | 24,000,000 24,000 0 214,000

Sum 1 261.800 0 214,000 475.800

Expected Loss (with sprinkler) = (0 x 0.721) + (200000 x 0.151) + (600000 x 0.102)

+ (1600000 x 0.014) + (8000000 x 0.007) +
(17000000 x 0.004) + (24000000 x 0.001)

=0+30,200 + 61,200 + 22,400 + 56,000 +
68,000 + 24,000 = $261,800

Plus, cost of sprinkler: $214,000

Expected Total Tangible Cost for option 2 = $261,800 + $214,000 = $475,800
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Option 3: Loss Control ($214,000) + Full Insurance (premium $328,300)

With full insurance, no losses are retained.

Expected Tangible Cost for Option 3: Loss Control + Full Insurance

Total
Expected
Insured Sprinkler Expected Tangible
Option | Loss Prob. Payment | Cost Premium | Loss Loss

3 0 0.721 0 214,000 | 301,300 0

3 200,000 0.151 0 214,000 | 301,300 0

3 600,000 0.102 0 214,000 | 301,300 0

3 1,600,000 0.014 0 214,000 | 301,300 0

3 8,000,000 0.007 0 214,000 | 301,300 0

3 17,000,000 0.004 0 214,000 | 301,300 0

3 24,000,000 0.001 0 214,000 | 301,300 0

Sum 1 214,000 328.000 0 542,000

Expected Total Tangible Cost = Loss Control Cost + Insurance Premium

=$214,000 + $328,000 = $542.000
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Option 4: Insurance up to $10,000,000 (premium $424.400)

Expected Tangible Cost for Option 4: Insurance up to $10,000,000

Option | Loss Prob. | Insured Premium | Expected | Total
Payment Loss Expected
Sprinkler Tangible
Cost Loss
4 0 0.648 0 0 424,400 0
4 300,000 0.189 0 0 424,400 0
4 800,000 0.129 0 0 424,400 0
4 3,000,000 0.018 0 0 424,400 0
4 10,000,000 | 0.009 0 0 424,400 0
4 20,000,000 | 0.005 | 10,000,000 0 424,400 50000
4 30,000,000 | 0.002 | 20,000,000 0 424,400 40000
Sum 1 0 424.400 90000 514.400

For losses < $10M, insurance covers all losses (insured pays $0).

For losses > $10M, insured pays (loss - $10M).

Expected Retained Loss = (0 x 0.648) + (0 x 0.189) + (0 x 0.129) + (0 x 0.018) + (0
% 0.009)

+ (10,000,000 x 0.005) + (20,000,000 x 0.002)
=0+0+0+0+0+ 50,000 + 40,000 = $90,000

Plus, insurance premium: $414,400

Expected Total Tangible Cost = $90,000 + $424,400 = $514.400
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Option 5: Retain any losses up to $1,000,000 + Insurance for excess for insurance

premium $315.,200
Expected Tangible Cost for Option 5: Retain any losses up to $1,000,000 +
Insurance
Option Loss Prob. Insured Premium | Expected Total
Payment Loss Expected
Sprinkler Tangible
Cost Loss
5 0 0.648 0 0 315,200 0
5 300,000 0.189 300,000 0 315,200 56,700
5 800,000 0.129 800,000 0 315,200 103,200
5 3,000,000 0.018 1,000,000 0 315,200 18,000
5 10,000,000 | 0.009 1,000,000 0 315,200 9,000
5 20,000,000 | 0.005 1,000,000 0 315,200 5,000
5 30,000,000 | 0.002 1,000,000 0 315,200 2,000
Sum 1 0 315,200 193.900 509.100

For losses < $1M, insured retains full loss.

For losses > $1M, insurance covers excess (insured pays only $1M).

Expected Retained Loss

= (0 x0.648) + (300,000 x 0.189) + (800,000 x 0.129) + (1,000,000 x 0.018)

+ (1,000,000 x 0.009) + (1,000,000 x 0.005) + (1,000,000 % 0.002)

=0+ 56,700 + 103,200 + 18,000 + 9,000 + 5,000 + 2,000 = $193,900

Plus, insurance premium: $315,200

Expected Total Tangible Cost = $193,900 + $315,200 = $509,100
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Option 6: Full Insurance (premium $543.300)

Expected Tangible Cost for Option 6:

Full Insurance

Total
. Expected
Insured Sprinkler Expected :
. . Tangible
Option | Loss Prob. Payment | Cost Premium | Loss Loss
6 0 0.648 0 0 $543,300 0
6 300,000 0.189 0 0 $543,300 0
6 800,000 0.129 0 0 $543,300 0
6 3,000,000 0.018 0 0 $543,300 0
6 10,000,000 | 0.009 0 0 $543,300 0
6 20,000,000 | 0.005 0 0 $543,300 0
6 30,000,000 | 0.002 0 0 $543,300 0
Sum 1 0 $543.300 0 $543.300

Company pays no losses, only premium.

Expected Total Tangible Cost = $543,300

Option 7: Loss Control ($214,000) + Insurance for any losses > $3.,000,000 for

insurance premium $156,000

Expected Tangible Cost for Option 7: Loss Control + Excess Insurance

Total
Expected
Insured Sprinkler Expected Tangible
Option | Loss Prob. | Payment | Cost Premium | Loss Loss

7 0 0.721 0 2140,00 | 156,000 0

7 200,000 0.151 200,000 2140,00 | 156,000 30,200

7 600,000 0.102 600,000 2140,00 | 156,000 61,200

7 1,600,000 0.014 1,600,000 2140,00 | 156,000 22,400

7 8,000,000 0.007 3,000,000 2140,00 | 156,000 21,000

7 17,000,000 | 0.004 3,000,000 2140,00 | 156,000 12,000

7 24,000,000 | 0.001 3,000,000 2140,00 | 156,000 3,000

Sum 1 214,000 156.000 149,800 519,800
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For losses < $3M, insured retains full loss.

For losses > $3M, insured covers excess (insured pays only $3M).

Expected Retained Loss

= (0 x 0.721) + (200,000 x 0.151) + (600,000 x 0.102) + (1,600,000 x 0.014)

+ (3,000,000 x 0.007) + (3,000,000 x 0.004) + (3,000,000 x 0.001)

=0+30,200 + 61,200 + 22,400 + 21,000 + 12,000 + 3,000 = $149,300

Plus, loss control cost: $214,000
Plus insurance premium: $175,900

Expected Total Tangible Cost = $149,800 + $214,000 + $156,000 = $519,800

Option 8: Insurance with franchise of $1,000,000 + Insurance premium $356,700

Expected Tangible Cost for Option 8: Insurance with franchise of $1,000,000

Total
Expected
Insured Sprinkler Expected Tangible
Option | Loss Prob. | Payment | Cost Premium | Loss Loss
8 0 0.648 0 0 356700 0
8 200,000 0.189 200,000 0 356700 56700
8 600,000 0.129 600,000 0 356700 103200
8 1,600,000 0.018 0 0 356700 0
8 8,000,000 0.009 0 0 356700 0
17,000,000 | 0.005 0 0 356700 0
8 24,000,000 | 0.002 0 0 356700 0
Sum 1 0 356700 159900 516.600

Franchise deductible: if loss < $1M, nothing paid, insured retains all; if loss >
$1M, insurance pays full loss.

Losses < $1M: insured pays fully (0, $300K, $800K)

Losses > $1M: insured pays 0

Expected retained loss = (0.648 * 0) + (0.189 * 200,000) + (0.129 * 600,000)
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+(0.018 * 0) + (0.009 * 0) + (0.005 * 0) + (0.002 * 0)

=0+ 56700+ 103200+ 0+ 0+ 0+ 0=25$159,900

Plus, insurance premium: $356,700

Tangible loss = premium + expected retained loss

Expected Total Tangible Cost = $356,700 + $159,900 = $516,600

Option 9: Insurance with franchise $1,000,000 + Loss Control ($214,000) +

Insurance Premium $210,400

Expected Tangible Cost for Option 9: Insurance with franchise + Loss Control

+ Insurance
Insured | Sprinkler Expected | Total Expected
Option | Loss Prob. Payment | Cost Premium | Loss Tangible Loss

9 0 0.721 0 214,000 | 210,400 0

200,000 0.151 200,000 214,000 | 210,400 30,200
9 600,000 0.102 600,000 214,000 | 210,400 61,200
9 1,600,000 | 0.014 0 214,000 | 210,400 0
9 8,000,000 | 0.007 0 214,000 | 210,400 0
9 17,000,000 | 0.004 0 214,000 | 210,400 0
9 24,000,000 | 0.001 0 214,000 | 210,400 0

Sum 1 214.000 210,400 91.400 515.800

Use with-loss-control distribution.

Franchise: if loss < $1M, insured pays all losses;

if loss > $1M, insurance pays full.

Expected retained loss = (0.721 * 0) + (0.151 * 200,000) + (0.102 * 600,000) + (0
*0.014)

Tangible loss = premium + cost of loss control + expected retained loss

+(0.007 * 0) + (0.004 * 0) + (0.001 * 0)

=$30.200 + $61,200) = $91, 400

Expected Total Tangible Cost = $210,400 + $214,000 + $91,400 = $515,800

57




Summary of Total Expected Tangible Costs:

Option # Option / Tool(s) Cost
1 Retention only $463,900
2 Retention + Loss Control $475,800
3 Loss Control + Full Insurance $542,000
4 Insurance up to $10M $514,400
5 Retention up to $1M + Insurance $509,100
6 Full Insurance $543,300
7 Loss Control + Insurance > $3M $519,800
8 Insurance with franchise 516,600
9 Insurance with franchise + Loss Control 515,800

Lowest is Option 1: Retention only with $463,900

b. Worry Method (Tangible + Intangible Worry Cost)

Total Expected Cost = Total Expected Tangible Cost + Worry Cost

Option Option / Tool(s) Expected Worry Total Tangible
# Tangible Cost Cost Cost
1 Retention only $463,900 $80,000 | $543,900
2 Retention + Loss Control $475,800 $70,000 | $545,800
3 Loss Control + Full Insurance $542,000 0 $542,000
4 Insurance up to $10M $514,400 $30,000 | $544.,400
5 Retention up to $1M + Insurance $509,100 $50,000 | $559,100
6 Full Insurance $543,300 0 $543,300
7 Loss Control + Insurance > $3M $519,800 $60,000 | $579,800
8 Insurance with franchise $516,600 $40,000 $556,600
9 Insurance with franchise + Loss $515,800 $20,000 $535,800

Control
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Final Decision:

a. The proper tool using the minimum expected tangible loss criteria is Option 1,
Retention that costs $463,900.

b. The proper tool using the minimum expected total loss criteria is Option 9,
Insurance with franchise of $1,000,000 + Loss Control that cost $535,800.

Interpretation of the Results & Practical Commentary for a Risk Manager

The analysis reveals a classic risk management dilemma: the choice between minimizing
expected costs and minimizing uncertainty. The "cost of worry" metric is a crucial tool
that quantifies the value of peace of mind, financial predictability, and the avoidance of
catastrophic financial distress.

» The Tangible Loss Perspective (Part a): Option 1 (Pure Retention) has the lowest
expected tangible cost ($463,900). This is a fundamental result of probability theory:
for a risk with a high probability of no loss, the expected value of retaining the risk is
often lower than an insurance premium, which is loaded with the insurer's profit,
expenses, and risk charge. A purely mathematical, risk-neutral approach favors this
option.

» The Total Cost of Risk Perspective (Part b): However, businesses are not risk-
neutral. The "cost of worry" assigns a monetary value to the anxiety of facing
unpredictable, potentially ruinous losses. When this real-world cost is incorporated,
the optimal strategy shifts. Option 9 (Franchise Deductible + Loss
Control) emerges as the winner with a total cost of $535,800.

> Why Option 9 is the Optimal Choice: A Synergistic Strategy

1. Proactive Loss Control (Sprinkler Investment): The $214,000 sprinkler
system is a highly efficient investment. It reduces the expected loss by $202,100,
effectively paying for itself while making the company inherently safer by
lowering both the chance and the cost of a fire.

2. Strategic Insurance (Franchise Deductible): This policy is specifically
chosen for catastrophic risk transfer. It fully covers any loss over $1 million,
eliminating the fear of a business-ending event. Furthermore, the sprinkler
system's risk reduction leads to a significantly lower insurance premium
($210,400 vs. $356,700), making the comprehensive coverage much more
affordable.
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» Commentary on Other Options:

e Option 3 (Full Insurance + Loss Control): At $542,000, it is a strong, simple
alternative but is more expensive than Option 9. It might be preferred by a company
that desires absolute certainty and zero administrative burden from claims.

e Options 4, 5, 7, 8 (Partial Insurance): These structures retain complex layers of
risk, which is reflected in their higher assigned "worry" costs ($30,000-$60,000).
They often represent a "worst of both worlds" scenario: paying significant
premiums while still bearing anxiety and retained losses.

e Option 6 (Full Insurance without Loss Control): At $543,300, it's the most
expensive insurance option, highlighting the cost of not investing in preventive

measures.

Sensitivity & Break-Even Analysis

The key subjective variable is the "cost of worry." The risk manager's initial
assessment drives the conclusion, so it's vital to test its sensitivity.

» Sensitivity of Option 9: The recommendation for Option 9 is robust. For it to be
beaten by another option, the intangible costs would have to change significantly.

» Break-Even Point between Option 1 and Option 9:
¢ Total Cost (Option 1) = $463,900 + Worry:
¢ Total Cost (Option 9) = $535,800
¢ Set them equal: $463,900 + Worry: = $535,800
& Worry: = $71,900

» Interpretation: The risk manager initially valued the worry of pure retention at
$80,000. As long as the true "cost of worry"* for full retention is valued above
$71,900, Option 9 remains the best choice. The initial estimate is above this
threshold, confirming the decision is not based on a razor-thin margin.

» Break-Even between Option 9 and Option 3:
¢ Total Cost (Option 3) = $542,000
¢ Total Cost (Option 9) = $515,800 + Worrys
& $542,000 = $515,800 + Worrys
¢ Worrys = $26,200
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» Interpretation: For Option 3 to be cheaper than Option 9, the worry associated with
the franchise plan would have to be valued above $26,200. The manager initially
placed it at only $20,000, making Option 9 the better value. This shows Option 9
provides superior value unless the franchise structure is perceived as overly complex
or risky.

Conclusion of the Analysis

The analysis demonstrates that a holistic view of risk, which includes both financial and
psychological costs, leads to a different decision than a narrow focus on expected
payouts. While retention is the cheapest in a vacuum, it exposes the firm to unacceptable
uncertainty. The optimal strategy is Option 9: implementing a loss control system and
purchasing insurance with a franchise deductible. This approach proactively reduces
risk and efficiently transfers the financial burden of catastrophic events, providing the
best value and greatest peace of mind.

Presentation to Management

To: Board of Management / Chief Financial Officer

From: Risk Manager

Date: Aug 26, 2025

Subject: Recommended Risk Financing Strategy for Property Fire Exposure

1. Recommended Strategy

After a detailed quantitative analysis of nine potential strategies, | recommend we
pursue Option 9: Install a Sprinkler Loss Control System ($214,000) and purchase
Insurance with a $1,000,000 Franchise Deductible for a premium of $210,400.

This strategy provides our company with strong protection against catastrophic fire
losses while minimizing our total expected costs, for a total annualized investment
of $535,800.

2. Supporting Analysis
We evaluated all options based on two key criteria:

¢ A. Tangible Costs: The hard costs of losses, premiums, and safety
investments.

¢ B. Total Cost of Risk: Tangible costs + the "Cost of Worry" (a quantified
value for financial predictability and risk aversion).
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Our recommendation (Option 9) offers the lowest Total Cost of Risk. The sprinkler
system reduces the likelihood and size of fires, and the franchise policy guarantees we
will not face a loss above $1,000,000 without being fully covered.

3. Sensitivity Analysis & Robustness

We tested how sensitive our conclusion is to the valuation of intangible factors like
"worry."

¢ The analysis shows that our recommendation holds firm unless the board
believes the anxiety of a pure retention strategy is worth less
than $71,900. Given the potential for a $30M loss to create severe financial and
operational disruption, this is an unreasonably low valuation.

¢ The strategy is robust. It provides the best value across a wide range of
reasonable assumptions about our risk tolerance.

4. Practical Implications & Final Conclusion
This strategy is not just about cost savings; it's about intelligent risk management.

¢ Risk Reduction: The sprinkler system makes our property, employees, and
assets safer.

¢ Predictability: It caps our maximum possible loss, providing certainty for
financial planning and budgeting.

¢ Strategic Focus: It protects the company from a devastating loss event,
allowing leadership to focus on growth and operations without the shadow of a
potential financial crisis.

Final Conclusion: | am confident that investing in the sprinkler system and securing
franchise deductible insurance is the most prudent and strategic decision. It effectively
balances cost, control, and security. | seek your approval to proceed with Option 9.
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Appendix: Summary Comparison of Top Strategies

Option Description Total Cost Key Takeaway
1 Retention $543,900 Cheapest but riskiest
. Simple & secure, but more
3 Full Insurance + Sprinkler $542,000 expensive
6 Full Insurance $543,300 Most expensive insurance option
9 Franchise $1M + Sprinkler $535.800 Best value: balances safety &

(Recommended)

cost
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