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Introduction

In the world of investment and portfolio management, understanding the expected returns
and associated risks of a market portfolio is fundamental. Investors constantly seek to
quantify potential gains and losses to make informed decisions. One common approach
involves analyzing probabilistic outcomes based on possible market movements. For
instance, suppose the market portfolio is equally likely to increase by 20% or decrease by
4%. This scenario provides an excellent opportunity to explore concepts such as expected
return, variance, standard deviation, and risk measures. In this article, we will delve into
the calculations needed to analyze such a market scenario comprehensively.

---

Understanding the Scenario

Before diving into calculations, it is crucial to understand the setup:

- The market portfolio has two possible outcomes:
- An increase of 20%.
- A decrease of 4%.
- Both outcomes are equally likely, implying each has a probability of 0.5 (or 50%).

This simplified model allows us to calculate the expected return, variance, and standard
deviation of the portfolio, which are vital metrics in risk assessment and portfolio
optimization.

---

Key Concepts and Definitions

Expected Return (E[R])

The expected return is a probability-weighted average of all possible returns:

\[
E[R] = \sum_{i} p_i \times r_i
\]

where:



- \( p_i \) = probability of outcome \( i \),
- \( r_i \) = return in outcome \( i \).

Variance and Standard Deviation

Variance measures the dispersion of returns around the expected return:

\[
\sigma^2 = \sum_{i} p_i \times (r_i - E[R])^2
\]

Standard deviation (\( \sigma \)) is the square root of variance, representing the typical
deviation from the expected return.

Risk and Return Trade-off

Higher expected returns often come with higher risk, measured by standard deviation.
Investors use these metrics to balance potential gains against risk exposure.

---

Step-by-Step Calculation

1. Convert Percentage Returns into Decimal Form

To facilitate calculations:

- Increase: 20% = 0.20
- Decrease: -4% = -0.04

2. Calculate Expected Return

Given equal probabilities (0.5 each):

\[
E[R] = 0.5 \times 0.20 + 0.5 \times (-0.04) = 0.5 \times (0.20 - 0.04) = 0.5 \times 0.16 =
0.08
\]

Expressed as a percentage:

\[
E[R] = 8\%
\]

This means, on average, the market portfolio is expected to increase by 8% annually under
these conditions.

3. Calculate Variance

Variance measures the squared deviations from the expected return:



\[
\sigma^2 = 0.5 \times (0.20 - 0.08)^2 + 0.5 \times (-0.04 - 0.08)^2
\]

Calculate each deviation:

- For increase outcome:

\[
0.20 - 0.08 = 0.12
\]

- For decrease outcome:

\[
-0.04 - 0.08 = -0.12
\]

Now, square these deviations:

\[
(0.12)^2 = 0.0144
\]
\[
(-0.12)^2 = 0.0144
\]

Calculate the variance:

\[
\sigma^2 = 0.5 \times 0.0144 + 0.5 \times 0.0144 = 0.0072 + 0.0072 = 0.0144
\]

4. Calculate Standard Deviation

Standard deviation is the square root of variance:

\[
\sigma = \sqrt{0.0144} = 0.12
\]

Expressed as a percentage:

\[
\sigma = 12\%
\]

This indicates the typical fluctuation around the expected 8% return is approximately 12%,
highlighting the risk associated with this market scenario.

---



Interpreting the Results

Expected Return: 8%

The expected return of 8% implies that, on average, the market portfolio will yield an 8%
gain per period, given the equal likelihood of the two outcomes.

Risk (Standard Deviation): 12%

A standard deviation of 12% suggests a moderate level of risk, with potential returns
deviating from the mean by this amount. This measure helps investors understand the
volatility and the likelihood of returns being significantly above or below the expected
value.

---

Practical Implications for Investors

Risk Management

Investors can use these calculations to gauge the risk inherent in their investment
strategies. An expected return of 8% with a 12% standard deviation indicates a balanced
risk-return profile, suitable for investors with moderate risk tolerance.

Portfolio Diversification

Understanding the expected return and risk of the market portfolio aids in constructing
diversified portfolios. Investors might combine assets with different risk profiles to optimize
the risk-adjusted return, using metrics like the Sharpe ratio, which considers excess return
per unit of risk.

Scenario Analysis

This simplified model can be extended into more complex scenarios, including multiple
outcomes with different probabilities, or incorporating other assets. Such analyses help in
stress testing and scenario planning, essential for robust portfolio management.

---

Advanced Topics and Further Calculations

1. Calculating the Sharpe Ratio

The Sharpe ratio measures the risk-adjusted return:

\[
\text{Sharpe Ratio} = \frac{E[R] - R_f}{\sigma}
\]

where \( R_f \) is the risk-free rate. Assuming a risk-free rate of 2%:



\[
\text{Sharpe Ratio} = \frac{8\% - 2\%}{12\%} = \frac{6\%}{12\%} = 0.5
\]

A Sharpe ratio of 0.5 indicates moderate risk-adjusted return.

2. Expected Utility and Investor Preferences

Investors may consider their utility functions to decide whether the trade-off between risk
and return aligns with their preferences. The calculations here provide a quantitative
foundation for such analyses.

3. Extensions to Portfolio Optimization

The calculated expected return and risk measures serve as inputs for mean-variance
optimization models, enabling investors to identify the optimal asset mix for their risk
appetite.

---

Limitations and Assumptions

While the calculations provide valuable insights, they are based on simplified assumptions:

- Only two outcomes with equal probabilities.
- No consideration of transaction costs, taxes, or changing market conditions.
- Static probabilities; real markets are dynamic and often unpredictable.

Investors should augment these quantitative analyses with qualitative assessments and
market research.

---

Conclusion

Analyzing a market scenario where the portfolio has an equal chance of increasing by 20%
or decreasing by 4% offers a clear illustration of fundamental financial concepts. Through
straightforward calculations, investors can determine that the expected return in this case
is 8%, with a standard deviation of 12%, reflecting the inherent risk of the market. These
metrics are crucial for informed decision-making, portfolio construction, and risk
management. As part of comprehensive investment analysis, such probabilistic models
serve as foundational tools for understanding potential outcomes and optimizing portfolios
to meet individual risk-return objectives.

---
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This article aims to provide a comprehensive understanding of basic probabilistic
calculations in the context of investment risk assessment. For personalized advice, always
consult with a financial professional.

Frequently Asked Questions

Suppose the market portfolio is equally likely to
increase by 20% or decrease by 4%. Calculate the
expected return of the market portfolio.
The expected return is (0.5 20%) + (0.5 -4%) = 10% - 2% = 8%.

Given the market portfolio's potential outcomes, what
is its variance?
Variance = 0.5 (20% - 8%)² + 0.5 (-4% - 8%)² = 0.5 (12%)² + 0.5 (-12%)² = 0.5 144 + 0.5
144 = 72 + 72 = 144 (percent squared).

What is the standard deviation of the market portfolio's
return based on these outcomes?
Standard deviation = √144 = 12%.

What is the probability-weighted expected return of the
market portfolio?
Since both outcomes are equally likely, the expected return is 8%, as calculated earlier.

If an investor's portfolio has a beta of 1.2, what is its
expected return based on the market portfolio's
expected return?
Using the Capital Asset Pricing Model (CAPM): Expected return = Risk-Free Rate + Beta
(Market Return - Risk-Free Rate). Assuming a risk-free rate of 0% for simplicity, Expected
return = 1.2 8% = 9.6%.

How would the risk of the market portfolio change if



the probabilities of outcomes shifted?
Changing probabilities would alter the expected return and variance; for example,
increasing the likelihood of the higher return would raise the expected return and
potentially increase or decrease the variance depending on the shift.

If the market increases by 20%, how does that affect
the portfolio's value assuming an initial investment of
$10,000?
The portfolio value would increase by 20%, resulting in $10,000 1.20 = $12,000.

Similarly, if the market decreases by 4%, what is the
new portfolio value from an initial $10,000 investment?
The portfolio would decrease by 4%, resulting in $10,000 0.96 = $9,600.

What is the overall expected change in the portfolio's
value based on the initial investment?
Expected change = 8% of $10,000 = $800. So, the expected portfolio value is $10,800,
indicating an average increase of $800.

Additional Resources
Suppose The Market Portfolio Is Equally Likely To Increase By 20% Or Decrease By 4%. This
scenario presents a fascinating case for investors and financial analysts aiming to
understand risk, return, and the potential outcomes of market movements. By examining
this simplified yet insightful model, we can explore fundamental concepts such as expected
return, variance, standard deviation, and risk premium. Whether you're a seasoned investor
or a finance student, understanding how to analyze such a probability distribution provides
a solid foundation for more advanced portfolio management strategies.

---

Understanding the Scenario

In this scenario, the market portfolio has two possible outcomes over a specific period:

- An increase of 20% (a positive return)
- A decrease of 4% (a negative return)

The key assumption here is that these two outcomes are equally likely, with each having a
probability of 0.5 (or 50%). This simplified model allows us to calculate the expected return,
the risk (variance and standard deviation), and other relevant metrics that can inform
investment decisions.



---

Step 1: Calculating the Expected Return

What is Expected Return?

The expected return represents the average outcome if the scenario were to be repeated
numerous times. It is calculated as the weighted sum of all possible returns, with weights
corresponding to their probabilities.

Calculation

Given:

- \( p_1 = 0.5 \) (probability of a 20% increase)
- \( R_1 = 20\% = 0.20 \)
- \( p_2 = 0.5 \) (probability of a 4% decrease)
- \( R_2 = -4\% = -0.04 \)

The formula:

\[
E(R) = p_1 \times R_1 + p_2 \times R_2
\]

Plugging in the numbers:

\[
E(R) = 0.5 \times 0.20 + 0.5 \times (-0.04) = 0.10 - 0.02 = 0.08
\]

Expected Return: 8%

This means that, on average, the market portfolio is expected to yield an 8% return over
the period in question.

---

Step 2: Calculating Variance and Standard Deviation

Why Variance and Standard Deviation Matter

While the expected return provides an average outcome, it does not tell us how much the
actual returns might fluctuate around this average. To gauge the risk associated with the
portfolio, we analyze the variance and standard deviation.

Variance Formula

\[
\sigma^2 = p_1 \times (R_1 - E(R))^2 + p_2 \times (R_2 - E(R))^2
\]



Calculation

First, compute the deviations:

- \( R_1 - E(R) = 0.20 - 0.08 = 0.12 \)
- \( R_2 - E(R) = -0.04 - 0.08 = -0.12 \)

Now, square these deviations:

- \( (0.12)^2 = 0.0144 \)
- \( (-0.12)^2 = 0.0144 \)

Calculate variance:

\[
\sigma^2 = 0.5 \times 0.0144 + 0.5 \times 0.0144 = 0.0072 + 0.0072 = 0.0144
\]

Standard Deviation

\[
\sigma = \sqrt{\sigma^2} = \sqrt{0.0144} = 0.12
\]

Standard Deviation: 12%

This indicates that the returns deviate from the mean by approximately 12%, reflecting the
level of risk associated with this market scenario.

---

Step 3: Interpreting the Results

Expected Return vs. Risk

- The expected return of 8% suggests a profitable investment on average.
- The standard deviation of 12% shows considerable volatility, meaning actual returns could
vary significantly around this mean.

Implications for Investors

- An investor must decide whether the potential 8% return compensates for the 12% risk.
- Given the asymmetry in outcomes (a high positive gain vs. a relatively small loss), the risk
profile favors investors comfortable with volatility but seeking upside potential.

---

Step 4: Calculating the Risk-Reward Ratio

The Sharpe Ratio is a common metric used to evaluate the risk-adjusted return:



\[
\text{Sharpe Ratio} = \frac{E(R) - R_f}{\sigma}
\]

Where:

- \( R_f \) = risk-free rate (assumed to be 0% for simplicity)

Thus:

\[
\text{Sharpe Ratio} = \frac{0.08 - 0}{0.12} \approx 0.6667
\]

A Sharpe ratio of approximately 0.67 indicates that for each unit of risk taken, the investor
expects about 0.67 units of excess return.

---

Step 5: Visualizing the Distribution

The probability distribution of returns can be depicted as a simple two-point distribution:

| Outcome | Probability | Return | Expected Deviation | Squared Deviation |
|-----------|--------------|---------|--------------------|------------------|
| Increase | 0.5 | 20% | 12% | 0.0144 |
| Decrease | 0.5 | -4% | -12% | 0.0144 |

This visualization highlights the symmetrical nature of the deviations from the mean,
despite the asymmetry in outcomes.

---

Step 6: Extending the Model

While this simplified model assumes only two possible outcomes, real-world markets are
more complex. However, the approach illustrated here can be extended:

- Incorporate additional outcomes with different probabilities.
- Use historical data to estimate probabilities and returns.
- Apply Monte Carlo simulations for more nuanced risk assessments.
- Assess portfolio diversification to mitigate risks.

---

Final Thoughts: Practical Implications

This analysis demonstrates how a simple probabilistic model can provide valuable insights
into expected returns and risks:

- Risk Management: Recognizing the volatility inherent in the market helps investors set



realistic expectations.
- Portfolio Optimization: Understanding the trade-offs between potential gain and risk
guides asset allocation.
- Behavioral Insights: Recognizing the asymmetry in outcomes encourages investors to
develop strategies aligned with their risk appetite.

In summary, supposing the market portfolio is equally likely to increase by 20% or decrease
by 4% offers a straightforward yet powerful example of how probability distributions shape
investment decisions. By calculating expected return, variance, and standard deviation,
investors can better understand the risk-return profile and make informed choices aligned
with their financial goals.

---
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