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Suppose You Wish To Insure An Asset Valued At $900. Only Two States Of The
World Can Occur In The Future, and understanding how to effectively manage
and insure such an asset involves analyzing the possible future scenarios,
the associated risks, and the most suitable insurance strategies. This
simplified framework, where only two possible outcomes exist, offers a clear
perspective on risk management, insurance pricing, and decision-making under
uncertainty. In this comprehensive article, we explore the fundamentals of
insuring an asset under binary future states, delve into the concepts of
expected value and risk-neutral valuation, and provide practical insights
into optimal insurance choices.

---

Understanding the Basic Framework: Two-State
Future Model

What Are the Two States of the World?
In this simplified model, the future has only two possible outcomes:

1. State 1 (Success/No Loss): The asset remains valued at $900.
2. State 2 (Failure/Loss): The asset's value drops to a lower amount,
possibly zero or a reduced value.

This binary framework allows for straightforward analysis of risk and
insurance options. It is a common approach in financial modeling, especially
for illustrating core principles of risk management, option pricing, and
insurance.

Reasons to Use a Two-State Model
- Simplification: Reduces complex future uncertainties into manageable
scenarios.
- Analytical Clarity: Facilitates understanding of risk premiums and
decision-making.
- Educational Value: Serves as an effective teaching tool for concepts like
expected value, risk-neutral valuation, and insurance design.

---



Assessing Risk and Expected Value

Probability Assignments
To analyze the scenario, assign probabilities to each state:

- \( p \): Probability that the asset remains valued at $900.
- \( 1 - p \): Probability that the asset's value drops to a lower amount
(say, $0 for complete loss).

Calculating Expected Value of the Asset
The expected value (EV) of the asset before insurance can be calculated as:

\[
EV = p \times \$900 + (1 - p) \times \$L
\]

where \( \$L \) is the loss amount (e.g., \$0 if completely lost, or some
lower value).

Example:
If there's a 70% chance the asset remains intact:

\[
EV = 0.7 \times 900 + 0.3 \times 0 = 630
\]

This EV indicates the average expected outcome considering the probabilities.

Implication for Insurance
- The EV serves as a baseline for setting premiums.
- Insurance aims to transfer the risk of the loss state (\( 1 - p \)) to an
insurer, often in exchange for a premium.

---

Designing an Optimal Insurance Contract in a
Two-State Model



Types of Insurance Contracts
- Full Insurance: Pays the entire loss amount if the asset depreciates.
- Partial Insurance: Covers part of the loss.
- Deductibles and Co-payments: The insured bears some initial loss before
coverage kicks in.

Key Elements to Consider
- Premium (Price of Insurance): The amount paid to insure.
- Coverage (Payout): How much the insurer pays in the loss state.
- Risk Aversion: The insured's attitude towards risk influences the
willingness to pay premiums.

Calculating Fair Premiums
The fair premium is the expected payout by the insurer:

\[
Premium = (1 - p) \times Payout
\]

Example:
If the loss is \$900 and the probability of loss is 30%:

\[
Premium = 0.3 \times \$900 = \$270
\]

However, insurers often add a risk margin, leading to higher premiums to
account for administrative costs and profit.

---

Risk-Neutral Valuation and No-Arbitrage
Conditions

Concept of Risk-Neutral Probability
In financial mathematics, the risk-neutral measure is a probability measure
under which the discounted expected value of the asset equals its current
price. In a two-state world, the risk-neutral probability \( q \) adjusts the
real-world probabilities to reflect market prices, ensuring no arbitrage
opportunities.

\[



q = \frac{S_0 - S_{down}}{S_{up} - S_{down}}
\]

where:
- \( S_0 \): Current asset price
- \( S_{up} \): Asset value in the success state
- \( S_{down} \): Asset value in the failure state

In our case:
If the current asset value is \$900, and the two states are \$900 (success)
and \$0 (failure):

\[
q = \frac{\$900 - \$0}{\$900 - \$0} = 1
\]

This indicates that, under risk-neutral valuation, the probability of success
is 100%, which is unrealistic in practice but illustrates the concept.

Ensuring No-Arbitrage Conditions
- The premium must be at least equal to the discounted expected payout under
the risk-neutral measure.
- The absence of arbitrage ensures fair pricing, preventing riskless profits.

---

Practical Applications and Strategic Decision-
Making

Choosing the Right Insurance Policy
Decision-makers should consider:

- The likelihood of the asset's failure.
- The cost of premiums.
- Their risk tolerance.
- The potential payout in the loss state.

Steps to decide:
1. Calculate the expected value of the asset.
2. Determine the maximum premium affordable.
3. Decide on coverage levels that align with risk appetite.



Example Scenario
Suppose:
- Probability of no loss: 80%
- Probability of total loss: 20%
- Asset value: \$900
- Loss amount: \$900

The fair premium:

\[
Premium = 0.2 \times \$900 = \$180
\]

An insured individual might choose to pay a premium close to this amount to
transfer the risk.

Benefits of Using a Two-State Model
- Simplifies complex risk scenarios.
- Aids in understanding the trade-offs involved in insurance.
- Facilitates transparent decision-making for both insurers and
policyholders.

---

Limitations and Extensions of the Two-State
Model

Limitations
- Oversimplifies real-world uncertainties.
- Does not account for intermediate states or gradual changes.
- Assumes known probabilities, which may be uncertain.

Extensions for Greater Realism
- Incorporate multiple states with varying probabilities.
- Use continuous probability distributions.
- Include factors like inflation, interest rates, and market volatility.
- Model dynamic risks over time.

---



Conclusion: Strategic Risk Management in a
Binary Future

In a world where only two future states are possible, insuring an asset
valued at $900 involves a straightforward assessment of probabilities,
expected values, and risk preferences. The core principles—calculating fair
premiums, understanding risk-neutral valuation, and designing appropriate
coverage—remain fundamental, even as real-world scenarios often involve more
complexity. Recognizing the value of simplified models helps investors, risk
managers, and insurers develop sound strategies for safeguarding assets
against potential losses. Whether for educational purposes or preliminary
risk analysis, the two-state model offers a powerful tool for understanding
and managing risk in a clear and accessible manner.

---
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Frequently Asked Questions

What are the two possible states of the world in
this insurance scenario?
The two states are typically 'good' and 'bad' outcomes, where the asset's
value may either be higher or lower than its current worth, affecting the
potential payout.

How does insuring an asset valued at $900 help hedge
against future uncertainties?
Insurance provides a payout if the asset's value drops significantly, thus
protecting against financial loss in the unfavorable state of the world.



What is the role of the insurance premium in this
simplified model with only two future states?
The premium is the cost paid upfront to transfer the risk of the asset's
value falling, ensuring compensation if the bad state occurs.

How would the probability of each state affect the
insurance premium?
Higher probability of the bad state would typically increase the premium,
reflecting the greater risk the insurer bears.

Can this simplified two-state model be used to
determine the fair value of the insurance policy?
Yes, by calculating the expected payout based on the probabilities of each
state and discounting it, one can determine a fair premium for the insurance.

What assumptions are made in modeling insurance with
only two potential future states?
The model assumes only two possible outcomes, known probabilities, and that
the payout structure is straightforward, simplifying risk assessment.

How does this two-state scenario illustrate the
concept of risk pooling in insurance?
It demonstrates how the insurer pools risk across possible outcomes, charging
premiums to cover potential losses in the unfavorable state, thereby
spreading risk.

Additional Resources
Suppose You Wish To Insure An Asset Valued At $900: An In-Depth Analysis of
Binary Future States and Insurance Implications

---

Introduction

In the realm of financial risk management, the act of insuring an asset
hinges on understanding the possible future states of the world and how they
influence the value and risk associated with that asset. When the future is
simplified to only two possible states—often termed as "binary states"—the
analysis becomes clearer yet still rich with strategic implications. This
article delves into the conceptual underpinnings, practical considerations,



and theoretical frameworks related to insuring an asset valued at $900, where
only two future outcomes are possible.

---

Understanding the Binary Future States Model

The core premise is that the future can be distilled into two mutually
exclusive and collectively exhaustive states:

- State 1: The asset retains its full value of $900.
- State 2: The asset's value drops to a lower, possibly zero, level—say, $0
or some minimal residual value.

This dichotomy simplifies the complex variability of real markets, allowing
for a focused examination of risk, insurance design, and decision-making
strategies.

The Rationale for a Binary Model

Adopting a binary model offers multiple advantages:

- Analytical Clarity: Simplifies calculations of expected values, premiums,
and utility.
- Strategic Focus: Facilitates understanding of the fundamental trade-offs in
insurance contracts.
- Educational Value: Serves as a foundational model before tackling more
complex, multi-state scenarios.

However, real-world assets rarely have such stark dichotomies, making it
crucial to understand both the utility and limitations of this approach.

---

Modeling the Asset and Its Future States

Suppose you own an asset valued at $900 today. The future state of the world
is uncertain, with only two possible outcomes:

- State 1 (Good State): Asset remains worth $900.
- State 2 (Bad State): Asset becomes worthless ($0).

Let’s define the probabilities:

- \( p \): Probability of State 1.



- \( 1 - p \): Probability of State 2.

The expected value of the asset without insurance is:

\[
EV = p \times 900 + (1 - p) \times 0 = 900p
\]

Understanding this expected value guides the initial assessment of whether
insurance is warranted and at what premium.

---

Designing Optimal Insurance Contracts in a
Binary Framework

Types of Insurance Contracts

In this binary context, the typical insurance contract can be conceptualized
as:

- Full Insurance: Pays the full value of the asset in case of loss.
- Partial Insurance: Pays a fraction or a fixed amount less than the full
value.
- Deductible Contracts: Insurance only kicks in after a certain threshold is
exceeded.
- Wagering or Bet-like Contracts: Insures against the occurrence of the bad
state but involves paying a premium upfront.

Key Components of an Insurance Contract

- Premium (\( \pi \)): The amount paid periodically or upfront for coverage.
- Coverage (\( C \)): The amount paid by the insurer in the event of a bad
state.
- Indemnity Structure: How the payout relates to the actual loss.

Suppose you seek a contract that offers coverage \( C \) at premium \( \pi
\). Your payoff in each state becomes:

- State 1: \( 900 - \pi \) (no loss, just premium paid).
- State 2: \( 0 + C - \pi \) (asset lost, insurance pays \( C \)).

---



Risk Preferences and Utility in a Binary World

Understanding whether to purchase insurance depends heavily on your risk
preferences. The utility function, \( U(\cdot) \), captures this:

- Risk-Averse: Prefers certainty; utility is concave.
- Risk-Neutral: Indifferent; utility is linear.
- Risk-Seeking: Prefers risk; utility is convex.

In a binary scenario, the expected utility is:

\[
EU = p \times U(900 - \pi) + (1 - p) \times U(C - \pi)
\]

The decision hinges on whether the insured's expected utility with insurance
exceeds that without insurance.

---

Economic and Strategic Considerations

Insurability and Moral Hazard

- Insurability of the Asset: For an insurance contract to be viable, the
asset's value must be insurable, which is plausible if the owner cannot
influence the outcome (i.e., no moral hazard).

- Moral Hazard: After purchasing insurance, the owner might alter behavior to
increase risk, especially if the insurance payout is substantial. In a binary
model, the presence of moral hazard can be modeled as an increased
probability \( 1 - p \) in the insured scenario.

Market Completeness and Contract Feasibility

- Complete Markets: Allow for the perfect hedging of all risks; in a binary
setting, this would mean designing contracts that exactly offset the
potential loss.

- Incomplete Markets: When such perfect hedging isn't possible, the insurer
may only offer partial coverage or charge higher premiums.

---



Premium Determination and Risk Sharing

The core challenge in insuring an asset with binary outcomes is determining
the fair premium \( \pi \). Several principles guide this:

- Expected Cost Approach: The insurer charges a premium equal to the expected
payout plus a risk margin:

\[
\pi = (1 - p) \times C + \text{Risk Margin}
\]

- Utility-Based Pricing: The premium is set at a level where the insured's
expected utility with and without insurance are equal or where the insurer's
expected profit is zero (indifference pricing).

- Moral Hazard and Adverse Selection: These factors can inflate premiums,
especially if the insured has private information about the likelihood of the
bad state.

---

Case Studies and Practical Applications

Example 1: Full Insurance Contract

Suppose you seek full insurance coverage (\( C = 900 \)). The premium then
becomes:

\[
\pi = (1 - p) \times 900
\]

If the probability of the asset remaining valuable is high (\( p \approx 0.9
\)), the premium is:

\[
\pi = 0.1 \times 900 = \$90
\]

This premium reflects the insurer’s expected payout, plus potential loadings
for risk and administrative costs.



Example 2: Partial Insurance with Deductibles

Alternatively, you might prefer a deductible \( D \):

- You pay the first \( D \) dollars in case of loss.
- The insurer covers anything beyond \( D \).

This reduces premiums and aligns incentives, but requires careful calculation
to balance risk sharing.

---

Limitations of the Binary Model and Extensions

While the binary model offers clarity, it simplifies reality excessively:

- Multiple States of the World: Actual assets face a spectrum of possible
outcomes.
- Dynamic Risks: Risks evolve over time, not instantaneously.
- Correlation with Other Risks: Asset outcomes can be correlated with broader
market or economic factors.

Extensions include:

- Multi-state models (e.g., trinomial, multinomial).
- Continuous probability distributions.
- Dynamic models with repeated periods.

---

Conclusion and Strategic Insights

Insuring an asset valued at $900, with only two future states, epitomizes the
classic risk management challenge: balancing risk transfer, cost, and
utility. The binary model acts as a pedagogical tool, illustrating
fundamental principles such as expected value calculation, utility
maximization, moral hazard, and premium determination.

Key takeaways include:

- The importance of accurately estimating the probability \( p \) of the
asset's good state.
- The trade-offs between full and partial insurance, including moral hazard
considerations.
- The role of risk preferences in shaping insurance needs and contract
structures.



- Recognizing the model's limitations and the need for more nuanced, multi-
state approaches in complex real-world scenarios.

Ultimately, the decision to insure hinges on personal risk appetite, market
conditions, and the precise valuation of future uncertainties. The binary
framework provides a foundational understanding, paving the way for more
sophisticated analyses and strategic decision-making in the domain of asset
insurance.

---
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