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Creating an investment portfolio that aligns with specific risk and return objectives requires careful
consideration of the duration, which measures the sensitivity of a bond’s price to interest rate
changes. Duration is a critical concept in fixed-income investing, as it helps investors manage interest
rate risk and match their investment horizon with their portfolio's interest rate exposure. In this
article, we will explore how to construct a portfolio with a target duration of four years by combining a
5-year zero-coupon bond and a 3-year 8% annual coupon bond.

Understanding Bond Duration and Its Importance in Portfolio Construction

Before delving into the specifics of the portfolio, it’s essential to understand what bond duration
signifies and why it matters.

What Is Bond Duration?

Bond duration is a measure, expressed in years, that indicates the weighted average time until cash
flows are received from a bond. It provides an estimate of how much a bond’s price will change in
response to a 1% change in interest rates.

- Modified Duration: Adjusted version of Macaulay duration that directly estimates price sensitivity.
- Macaulay Duration: The weighted average time until cash flows are received, in years.

Why Is Duration Important?

- Interest Rate Risk Management: Helps investors gauge how bond prices will fluctuate with interest
rate movements.
- Portfolio Immunization: Enables matching of the portfolio’s interest rate sensitivity with an investor’s
horizon.
- Risk-Return Optimization: Guides in balancing risk and potential returns based on duration.

Components of the Portfolio: Zero-coupon Bond and Coupon Bond

In constructing a portfolio with a specific duration, combining bonds with different maturities and cash
flow structures provides flexibility.

5-Year Zero-Coupon Bond

- Characteristics: Pays no periodic coupons; pays face value at maturity.
- Duration: Equal to its maturity, i.e., 5 years, because all cash flow occurs at maturity.
- Interest Rate Sensitivity: High, due to lack of interim cash flows.

3-Year 8% Annual Coupon Bond



- Characteristics: Pays 8% annual coupon based on face value, with the principal repaid at maturity.
- Duration: Less than its maturity, due to interim coupon payments.
- Interest Rate Sensitivity: Lower than a zero-coupon bond of the same maturity.

Objective: Achieve a Portfolio Duration of 4 Years

The goal is to combine these two bonds in proportions that result in a portfolio with a combined
duration of exactly four years. This approach allows investors to tailor their interest rate exposure to
match their investment horizon or risk appetite.

---

Calculating Bond Durations and Portfolio Weights

Step 1: Determine the Duration of Each Bond

Duration of the Zero-Coupon Bond

- Since it makes no interim payments, the Macaulay duration is equal to its maturity:

Duration of Zero-coupon bond = 5 years

Duration of the 8% Coupon Bond

- The Macaulay duration for a coupon bond can be calculated using the following formula:

\[
D_{coupon} = \frac{\sum_{t=1}^{n} \frac{t \times C}{(1 + y)^t} + \frac{n \times F}{(1 +
y)^n}}{P}
\]

Where:

- \( C \) = annual coupon payment = 8% of face value (assuming face value \( F = 100 \))
- \( y \) = yield to maturity (YTM)
- \( n \) = number of years to maturity = 3
- \( P \) = current price of the bond

Note: To proceed, we need to assume or determine the yield to maturity (YTM). For simplicity,
suppose the bond is priced at par (face value of 100), making YTM approximately 8%. Under this
assumption, the duration can be approximated.

Using standard duration approximation for a coupon bond at par:

\[
D_{coupon} \approx \frac{1 + y}{y} - \frac{(1 + y) + n(y - c)}{(1 + y)^n \times c}
\]

But more straightforwardly, for a 3-year bond with 8% coupons at 8% YTM:

\[



D_{coupon} \approx \frac{1 \times 8 + 2 \times 8 + 3 \times 108}{8 + 8 + 108} = \frac{8 + 16 +
324}{124} \approx \frac{348}{124} \approx 2.8 \text{ years}
\]

Thus, Duration of 8% coupon bond ≈ 2.8 years.

Step 2: Set Up the Portfolio Duration Equation

Let:

- \( w_1 \) = weight of the zero-coupon bond in the portfolio
- \( w_2 \) = weight of the coupon bond in the portfolio

Since the total weights sum to 1:

\[
w_1 + w_2 = 1
\]

The combined portfolio duration \( D_{portfolio} \) is:

\[
D_{portfolio} = w_1 \times D_{zero} + w_2 \times D_{coupon}
\]

Plugging in the known durations:

\[
4 = w_1 \times 5 + (1 - w_1) \times 2.8
\]

Step 3: Solve for the Weights

\[
4 = 5 w_1 + 2.8 - 2.8 w_1
\]
\[
4 - 2.8 = (5 w_1 - 2.8 w_1)
\]
\[
1.2 = 2.2 w_1
\]
\[
w_1 = \frac{1.2}{2.2} \approx 0.545
\]

Thus,

\[
w_1 \approx 54.5\%
\]



\[
w_2 = 1 - 0.545 \approx 45.5\%
\]

Step 4: Interpret the Results

To achieve a portfolio duration of 4 years:

- Approximately 54.5% of the investment should be allocated to the 5-year zero-coupon bond.
- Approximately 45.5% should be allocated to the 3-year 8% coupon bond.

---

Practical Considerations in Portfolio Construction

While the calculations provide a theoretical framework, real-world implementation involves additional
factors:

1. Market Prices and Yields

The actual prices of bonds may deviate from par, affecting their yields and durations. It’s crucial to
use current market data for precise calculations.

2. Reinvestment Risk

Coupons received from the coupon bond are subject to reinvestment risk, impacting the actual
duration and cash flow timing.

3. Credit Risk

Ensure that bonds are issued by entities with suitable credit ratings to prevent default risk.

4. Tax Implications

Interest income and capital gains may be taxed differently, influencing net returns.

5. Liquidity Considerations

Some bonds may be less liquid, affecting the ability to adjust the portfolio as needed.

---

Advantages of Using Bond Duration for Portfolio Management

Utilizing duration to construct and manage fixed-income portfolios offers several benefits:

- Interest Rate Hedging: Aligning portfolio duration with investment horizon minimizes interest rate
risk.
- Risk Control: Adjusting the proportion of bonds with different durations helps control the portfolio's
sensitivity.
- Strategic Asset Allocation: Facilitates systematic planning based on expected interest rate



movements.

---

Conclusion

Creating a portfolio with a targeted duration of four years using a combination of a 5-year zero-
coupon bond and a 3-year 8% annual coupon bond is both feasible and strategic. By understanding
the duration of each component and applying weighted averages, investors can tailor their interest
rate exposure to match their investment goals and risk tolerance.

Key takeaways include:

- The zero-coupon bond’s duration equals its maturity, providing high sensitivity.
- Coupon bonds have shorter durations due to interim cash flows.
- Approximate weights based on duration calculations guide portfolio construction.
- Practical considerations such as market prices, credit risk, and liquidity are essential for real-world
applications.

By carefully balancing these components, investors can achieve a well-structured fixed-income
portfolio optimized for their specific interest rate outlook and investment horizon. This approach
underscores the importance of duration analysis as a fundamental tool in fixed-income portfolio
management, ensuring that investors can effectively hedge risk and optimize returns in a fluctuating
interest rate environment.

---
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Frequently Asked Questions

How can I create a 4-year duration portfolio using a 5-year
zero-coupon bond and a 3-year 8% annual bond?
You can achieve a 4-year duration by combining the two bonds in proportions that balance their



individual durations, typically by solving a weighted average equation to determine the appropriate
investment ratios.

What is the key concept behind using a zero-coupon bond and
an coupon bond to target a specific portfolio duration?
The key concept is duration matching, which involves adjusting the weights of bonds with different
durations so that the overall portfolio's duration equals the desired target, in this case, 4 years.

How do I calculate the weights of the zero-coupon bond and
the 3-year 8% bond to achieve a 4-year duration?
You set up a weighted average duration equation: (Weight_zero_coupon 5) + (Weight_coupon_bond 3)
= 4 years, along with the constraint that the total weights sum to 1, then solve for the weights.

What are the advantages of using a zero-coupon bond in
creating a targeted duration portfolio?
Zero-coupon bonds have a known and fixed duration equal to their maturity, making them precise
tools for duration targeting and risk management in portfolio construction.

Why is the 8% coupon rate important when constructing a
duration-matched portfolio?
The coupon rate affects the bond's cash flow timing and, consequently, its duration. A higher coupon
rate typically results in a shorter duration compared to a zero-coupon bond, aiding in fine-tuning the
overall portfolio duration.

Can I use more than just these two bonds to create a 4-year
duration portfolio?
Yes, incorporating additional bonds with different maturities and coupons can provide more precise
duration matching and risk diversification, but the given bonds are a simplified example.

What risks should I consider when creating a portfolio with a
specific duration target?
Risks include interest rate changes affecting bond prices, reinvestment risk, and credit risk. Accurate
duration matching also assumes yields and cash flows remain stable, which may not be the case.

How does the concept of convexity relate to constructing a
duration-matched bond portfolio?
Convexity measures how much the duration of a bond changes with interest rates, and considering
convexity helps improve risk assessment and portfolio performance beyond simple duration
matching.



Additional Resources
Creating a Portfolio with a 4-Year Duration Using a 5-Year Zero-Coupon Bond and a 3-Year 8% Annual
Coupon Bond

---

Introduction

Constructing a bond portfolio with a specific duration is a fundamental aspect of fixed-income
management, especially for investors seeking to hedge interest rate risk or align the portfolio’s
sensitivity to rate changes with their investment horizon. In this detailed exploration, we will analyze
how to create a portfolio with an overall duration of 4 years using two distinct bonds: a 5-year Zero-
Coupon Bond and a 3-year 8% Annual Coupon Bond.

This guide will delve into the concepts of duration, the characteristics of each bond type, the
mathematical formulation to achieve the desired portfolio duration, and practical considerations for
implementation.

---

Understanding Bond Duration

What is Duration?

Duration measures the sensitivity of a bond’s price to changes in interest rates, expressed as a
number of years. It indicates the weighted average time until cash flows are received and serves as a
useful proxy for interest rate risk.

Types of Duration

- Macaulay Duration: The weighted average time until cash flows are received, measured in years.
- Modified Duration: Derived from Macaulay Duration; it estimates the percentage change in bond
price for a 1% change in yield.

For portfolio construction, Macaulay duration is typically used, which can be calculated as:

\[
D_{Mac} = \frac{\sum t_i \times PV(CF_i)}{\sum PV(CF_i)}
\]

where \( t_i \) is the time until cash flow \( CF_i \), and \( PV(CF_i) \) is its present value.

---

Bond Characteristics

1. 5-Year Zero-Coupon Bond

- Coupon rate: 0%
- Term: 5 years



- Cash flows: Single payment at maturity
- Duration: Equal to its maturity (5 years), because all cash flow occurs at the end
- Price: \( P_{ZC} = \frac{F}{(1 + y)^5} \), where \( F \) is face value and \( y \) is the yield

Key points: Zero-coupon bonds have a duration equal to their maturity, making them straightforward
tools for duration management.

2. 3-Year 8% Annual Coupon Bond

- Coupon rate: 8% annually
- Term: 3 years
- Coupon payments: \( C = 0.08 \times F \) annually
- Cash flows:
- Year 1: \( C \)
- Year 2: \( C \)
- Year 3: \( C + F \) (final principal repayment + coupon)
- Duration:
- Less than 3 years, since coupons are received earlier
- Can be calculated precisely using the present value of each cash flow

Key points: Coupons shorten duration relative to maturity; the higher the coupon, the lower the
duration for the same maturity.

---

Step-by-Step Construction Process

To achieve a target portfolio duration of 4 years, we need to determine the weights of each bond such
that the weighted average duration equals 4.

\[
D_{Portfolio} = w_{ZC} \times D_{ZC} + w_{Coupon} \times D_{Coupon}
\]

where:

- \( D_{ZC} \) = duration of zero-coupon bond (5 years)
- \( D_{Coupon} \) = duration of the coupon bond
- \( w_{ZC} \) and \( w_{Coupon} \) = weights of each bond in the portfolio, summing to 1

Rearranged:

\[
w_{ZC} \times 5 + (1-w_{ZC}) \times D_{Coupon} = 4
\]

---

Calculating the Duration of the 3-Year 8% Coupon Bond

Assuming the bonds are priced at par (or we know the yield), the approximate duration of the coupon



bond can be calculated as follows:

Step 1: Compute the present value of each cash flow.

- Assume a market yield \( y \) (for simplicity, say 6%). The calculations can be adjusted for the actual
yield.

Step 2: Calculate the weights for each cash flow:

\[
PV(CF_i) = \frac{CF_i}{(1 + y)^t}
\]

Step 3: Calculate Macaulay Duration:

\[
D_{Coupon} = \frac{\sum t_i \times PV(CF_i)}{\sum PV(CF_i)}
\]

Approximate Calculation (assuming a yield of 6%):

| Year | Cash Flow | Discount Factor (\(1.06^t\)) | Present Value | \( t_i \times PV \) |
|--------|----------------|------------------------------|----------------|---------------------|
| 1 | \( 8\% \times F \) | \( 1.06^1 \approx 1.06 \) | \( \frac{0.08F}{1.06} \) | \( 1 \times PV \) |
| 2 | \( 8\% \times F \) | \( 1.06^2 \approx 1.1236 \) | \( \frac{0.08F}{1.1236} \) | \( 2 \times PV \) |
| 3 | \( 8\% \times F + F \) | \( 1.06^3 \approx 1.191 \) | \( \frac{0.08F + F}{1.191} \) | \( 3 \times PV \)
|

Calculating these precisely provides an approximate duration close to 2.7 years, given typical market
yields.

Result: The coupon bond’s duration is approximately 2.7 years.

---

Determining Portfolio Weights

Using the above durations:

\[
w_{ZC} \times 5 + (1 - w_{ZC}) \times 2.7 = 4
\]

Solve for \( w_{ZC} \):

\[
5 w_{ZC} + 2.7 - 2.7 w_{ZC} = 4
\]
\[
(5 - 2.7) w_{ZC} = 4 - 2.7
\]



\[
2.3 w_{ZC} = 1.3
\]
\[
w_{ZC} = \frac{1.3}{2.3} \approx 0.565
\]

Correspondingly:

\[
w_{Coupon} = 1 - 0.565 = 0.435
\]

Interpretation: To achieve a 4-year portfolio duration, approximately 56.5% of the portfolio should be
invested in the 5-year zero-coupon bond, and 43.5% in the 3-year 8% coupon bond.

---

Practical Considerations

1. Interest Rate Environment & Yield Assumptions

- The exact duration calculations depend on the current market yields.
- If yields change, bond prices and durations will fluctuate, affecting the portfolio's effective duration.
- It’s prudent to use current yield data when performing these calculations.

2. Reinvestment Risk

- Coupon bonds expose investors to reinvestment risk — the risk that coupons might be reinvested at
lower rates.
- Zero-coupon bonds eliminate reinvestment risk for cash flows received at maturity.

3. Liquidity and Marketability

- Zero-coupon bonds might have less liquidity compared to coupon bonds.
- Consider the ease of trading and market depth when constructing the portfolio.

4. Tax Implications

- Zero-coupon bonds accrue interest annually, which might be taxable annually, even without cash
receipt.
- Coupon bonds distribute income regularly, which could be taxed differently.

5. Portfolio Management & Rebalancing

- As interest rates fluctuate, the duration of bonds changes.
- Regular rebalancing is necessary to maintain the targeted duration.
- Dynamic strategies might involve adjusting the weights or maturities of bonds.

---



Extending the Model: Adjustments for Different Market Conditions

- Changing yields: If market yields differ from initial assumptions, recalculate the bond durations
accordingly.
- Different maturities: Using bonds with maturities other than 3 or 5 years can fine-tune the duration
further.
- Additional bonds: Incorporating bonds with different coupon rates or zero-coupon bonds of different
maturities can provide more precise matching.

---

Summary

Constructing a bond portfolio with an exact duration of 4 years using a 5-year zero-coupon bond and a
3-year 8% coupon bond involves:

- Understanding the individual durations of each bond.
- Calculating the approximate duration of the coupon bond based on current yields.
- Solving for the weights that satisfy the targeted portfolio duration formula.

In this case, investing approximately 56.5% in the 5-year zero-coupon bond and 43.5% in the 3-year
8% coupon bond achieves the desired 4-year duration. This approach offers a practical method for
managing interest rate risk aligned with investment horizons.

Key Takeaways:

- Zero-coupon bonds are effective for precise duration targeting due to their maturity-matched
duration.
- Coupon bonds' shorter durations make them suitable for balancing interest rate sensitivity.
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