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Introduction to the Black-Scholes Model

The Black-Scholes model is one of the most widely used mathematical models for valuing European-
style options. Developed by Fischer Black, Myron Scholes, and Robert Merton in the early 1970s, this
formula provides a theoretical estimate of the price of call and put options based on several key
variables. Understanding how to apply the Black-Scholes formula is essential for traders, investors,
and financial analysts seeking to determine the fair value of options and make informed trading

decisions.
The Importance of Time to Expiration in Option Pricing

Time to expiration, often abbreviated as T, is a critical component in the valuation of options. It
represents the remaining lifespan until the option’s maturity date. The longer the time until expiration,
the greater the potential for the stock price to move favorably, thereby increasing the option's value.
Conversely, as expiration approaches, the time value diminishes, a phenomenon known as time

decay.

Why Is Time to Expiration Crucial?



- Impact on Option Premium: Longer expiration periods generally lead to higher option premiums due
to increased uncertainty.

- Time Decay: Options lose value as time progresses, especially if the stock price remains stagnant.
- Strategic Decisions: Traders often choose expiration dates based on their market outlook and risk

appetite.

Components of the Black-Scholes Formula

Before applying the formula, it’s essential to understand its main components:

1. Current Stock Price (S): The market price of the underlying stock.

2. Strike Price (K): The price at which the holder can buy the stock.

3. Time to Expiration (T): Expressed in years.

4. Risk-Free Interest Rate (r): The theoretical rate of return on a riskless investment, typically
government bonds.

5. Volatility (D): The standard deviation of the stock's returns, representing price fluctuations.
6. Dividend Yield (q): The annual dividend rate, if applicable (for simplicity, often assumed zero).
The Black-Scholes formula for a European call option is:

\[C =S eM-qT} N(d_1) - KeM-rT} N(d_2) \]

Where:

\[ d_1 = \frac{\In(S/K) + (r - g + \frac{\sigma”2}{2}) TH{\sigma \sqrt{T}} \]

\[d_2=d_1-\sigma \sqrt{T} \]

And \( N(\cdot) \) is the cumulative distribution function of the standard normal distribution.



Step-by-Step Guide to Calculating a Call Option’s Value
1. Gather Necessary Data

To compute the call option value, collect the following:

- Current stock price (S)

- Strike price (K)

- Time to expiration (T, in years)

- Risk-free interest rate (r)

- Volatility of the stock (D)

- Dividend yield (q), if any

2. Calculate \(d_1\)and \( d_2)

Using the formulas provided, plug in the parameters to compute \( d_1\) and \( d_2\).

3. Determine \( N(d_1)\) and \( N(d_2) \)

Use standard normal distribution tables, calculator, or software to find the cumulative probabilities

corresponding to \( d_1\) and \( d_2).
4. Compute the Call Option Price

Insert all the calculated components into the Black-Scholes formula to arrive at the theoretical value.

Practical Example: Applying the Black-Scholes Formula

Suppose you want to find the value of a call option on a stock with the following parameters:



- Current stock price (S): $100

- Strike price (K): $105

- Time to expiration (T): 6 months (0.5 years)
- Risk-free interest rate (r): 2% (0.02)

- Volatility (LI): 25% (0.25)

- Dividend yield (q): 1% (0.01)

Calculations:
1. Calculate \( d_1\):

\[

d_1 = \frac{\In(100/105) + (0.02 - 0.01 + \frac{0.25"2}2}) \times 0.5}{0.25 \times \sqrt{0.5}} \\
= \frac{\In(0.95238) + (0.01 + 0.03125) \times 0.5}{0.25 \times 0.7071} \\

= \frac{-0.04879 + 0.0203125}{0.17678} \\

= \frac{-0.02848}{0.17678} \approx -0.161

\

2. Calculate \( d_2\):

\[

d_2=d_1-\sigma\sqrt{T} = -0.161 - 0.25 \times 0.7071 = -0.161 - 0.1768 \approx -0.338
\]

3. Determine \( N(d_1)\) and \( N(d_2) \):

Using standard normal distribution tables:

- \( N(-0.161) \approx 0.436 \)
- \( N(-0.338) \approx 0.368 \)



4. Calculate the present value terms:

\[
S eM-qT} = 100 \times e*{-0.01 \times 0.5} \approx 100 \times 0.9950 = 99.50
\]
\[
K eM-rT} = 105 \times e”{-0.02 \times 0.5} \approx 105 \times 0.9900 = 103.95
\

5. Compute the call option price:

\[

C = 99.50 \times 0.436 - 103.95 \times 0.368 \\

= 43.37 - 38.27 =\$5.10

\

Result: The theoretical value of the call option is approximately $5.10.

Factors Affecting the Call Option Price with Respect to Time to Expiration

Short-Term vs. Long-Term Options

- Short-term options tend to have lower time value due to limited opportunity for the stock price to

move.

- Long-term options (LEAPS) incorporate more time value, reflecting the increased likelihood of

favorable price movements.

Time Decay Effect (Theta)



- As expiration nears, the time value diminishes, often rapidly.

- The rate of decay accelerates in the final weeks before expiration.

Volatility and Time to Expiration

- Higher volatility increases the value of options, especially those with longer time horizons.

- Longer expiration allows more time for significant price swings, increasing the probability of profit.

Limitations and Assumptions of the Black-Scholes Model

While powerful, the Black-Scholes formula relies on several assumptions:
- The stock price follows a log-normal distribution with constant volatility.
- No dividends are paid, or dividends are known and fixed.

- Markets are efficient, with no transaction costs or taxes.

- The risk-free rate remains constant.

- The option is European-style, exercisable only at expiration.

In real-world markets, these assumptions may not hold, and adjustments or alternative models may be

necessary.

Practical Applications of the Black-Scholes Formula

1. Option Pricing and Valuation

Investors use the formula to estimate fair value and identify mispriced options.



2. Hedging Strategies

Market participants utilize the Greeks derived from the formula (Delta, Gamma, Vega, Theta, Rho) to

manage risk.

3. Risk Management

Financial institutions assess portfolio sensitivities and develop hedging strategies based on Black-

Scholes outputs.

4. Trading Strategies

Traders exploit deviations from theoretical values for arbitrage opportunities.

Conclusion

Understanding how to use the Black-Scholes formula to find the value of a call option, especially
considering the critical factor of time to expiration, is fundamental for effective options trading and risk
management. By meticulously calculating each component, traders can gain valuable insight into fair
option prices and make more informed investment decisions. Remember, while the Black-Scholes
model provides a solid theoretical framework, always consider market conditions and potential

deviations from model assumptions to optimize your trading strategies.

Additional Tips for Using the Black-Scholes Model

- Always update input parameters regularly to reflect current market data.

- Use accurate volatility estimates; implied volatility often provides a better reflection of market



expectations than historical volatility.
- Consider transaction costs and taxes in practical scenarios.

- Combine Black-Scholes insights with other analytical tools for comprehensive decision-making.
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By mastering the application of the Black-Scholes formula and understanding the significance of time

to expiration, investors and traders

Frequently Asked Questions

What is the Black-Scholes formula used for in options pricing?
The Black-Scholes formula is used to calculate the theoretical fair value of European call and put

options based on factors like stock price, strike price, time to expiration, risk-free rate, and volatility.

How do you determine the inputs needed to use the Black-Scholes
formula for a call option?

You need the current stock price (S), strike price (K), time to expiration (T), risk-free interest rate (r),



and volatility of the stock's returns (I:l). These inputs are used to compute the option's value using the

formula.

What is the significance of time to expiration when calculating a call
option’s value using Black-Scholes?

Time to expiration (T) impacts the value because longer durations increase the probability that the
stock price will move favorably, thus increasing the option’s time value in the Black-Scholes

calculation.

Can the Black-Scholes formula be used for American options with
early exercise features?

No, the Black-Scholes formula is designed for European options that can only be exercised at
expiration. American options may require more complex models that account for early exercise

opportunities.

How does volatility influence the calculated value of a call option in

the Black-Scholes model?

Higher volatility increases the option's value because it raises the probability that the stock price will

move above the strike price before expiration, thus increasing the potential payoff.

What steps are involved in calculating a call option’s value using the
Black-Scholes formula with a given time to expiration?

First, identify all input parameters (S, K, T, r, D). Then, calculate the d1 and d2 terms, which are
functions of these inputs. Next, compute the cumulative standard normal probabilities for d1 and d2.

Finally, plug these into the Black-Scholes formula to find the call option’s fair value.



Additional Resources

Use The Black-Scholes Formula To Find The Value Of A Call Option On The Following Stock: Time

To Expiration

Understanding how to accurately value a call option is fundamental for traders, investors, and financial
analysts alike. Among the most widely used models for this purpose is the Black-Scholes formula, a
pioneering mathematical framework developed in the early 1970s that provides a theoretical estimate
of the fair price of European-style options. When applying the Black-Scholes model to determine the
value of a call option on a particular stock, one of the most critical factors to consider is time to
expiration. This element significantly influences the option's premium, as it encapsulates the potential

for the stock's price to move favorably before the option's expiry date.

In this comprehensive guide, we will explore how to use the Black-Scholes formula to find the value of
a call option, with special emphasis on understanding and incorporating time to expiration into the
calculation. Whether you're a seasoned trader or a novice investor, this article aims to demystify the

process and provide you with a clear, step-by-step approach to option valuation.

Introduction to the Black-Scholes Model

The Black-Scholes formula was introduced by Fischer Black, Myron Scholes, and Robert Merton in the
early 1970s. It revolutionized options trading by providing a mathematically rigorous way to estimate

the theoretical price of European call and put options. The formula considers several key variables:

- Current stock price (S)

- Strike price (K)

- Time to expiration (T)

- Volatility of the stock (L)
- Risk-free interest rate (r)

- Dividend yield (q) (if applicable)



The core intuition behind the model is that stock prices follow a stochastic process modeled as
geometric Brownian motion, and the option's value depends on the probability that it will expire in-the-

money.

The Black-Scholes Formula for a Call Option

The formula for the theoretical price C of a European call option is:

\[ C = S \times e*-qT} \times N(d_1) - K \times e™-rT} \times N(d_2) \]

Where:

- \( N(\cdot) \) is the cumulative distribution function (CDF) for a standard normal distribution.

-\(d_1\)and \( d_2\) are calculated as:

\[ d_1 = \frac{\In(S/K) + (r - q + \frac{1}2} \sigma”2) THK\sigma \sqrt{T}} \]

\[d_2=d_1-\sigma \sqrt{T} \]

Understanding Time to Expiration (T) in the Model

Time to expiration (T) is expressed in years and indicates the remaining lifespan of the option. It plays

a crucial role in the Black-Scholes model because:

- It affects the probabilities of the stock price reaching certain levels.
- Longer durations generally increase the option's value due to higher potential for favorable stock

movements.



- As T approaches zero, the option's value converges to its intrinsic value (if any).

The sensitivity of the call option to changes in T is described by the vega—a measure of an option's

price sensitivity to volatility, which itself is affected by time.

Step-by-Step Guide to Using Black-Scholes for a Call Option

1. Gather Required Data

Before performing calculations, ensure you have the following data:
- Current stock price (\( S \))

- Strike price (\( K \))

- Time to expiration (\( T \)), in years

- Expected volatility (\( \sigma \))

- Risk-free interest rate (\( r\))

- Dividend yield (\( g \)), if applicable

2. Convert Time to Expiration into Years

If your time is given in days, months, or other units, convert it into years:
- Days: divide by 365

- Months: divide by 12, then by 12 again to get years

- Example: 90 days = 90/365 D 0.2466 years

3. Calculate \(d_1\)and \(d_2)

Using the formulas provided, plug in your data:



\[ d_1 = \frac{\In(S/K) + (r - g + 0.5 \sigma”2) T}{\sigma \sqrt{T}} \]

\[d_2=d_1-\sigma\sqrt{T} \]

Ensure you use natural logarithms and consistent units.

4. Calculate \( N(d_1) \) and \( N(d_2) \)

Use a standard normal distribution table or software functions (such as Excel's NORMSDIST or

Python's scipy.stats.norm.cdf) to find the cumulative probabilities.

5. Compute the Present Values

Calculate:

-\( S \times e*{-qT} \times N(d_1)\)
- \( K \times e?{-rT} \times N(d_2)\)

These represent the discounted expected payoffs.

6. Derive the Call Option Price

Subtract the discounted strike price component from the current stock component:

\[ C = S \times e*{-qT} \times N(d_1) - K \times e™-rT} \times N(d_2) \]

This yields the theoretical fair value of the call option.

Practical Example



Let's illustrate the process with a hypothetical scenario:

- Stock price (\( S \)): $100

- Strike price (\( K \)): $100

- Time to expiration (\( T \)): 6 months = 0.5 years

- Volatility (\( \sigma \)): 20% (0.2)

- Risk-free rate (\( r\)): 1.5% (0.015)

- Dividend yield (\( g \)): 0%

Step 1: Calculate \( d_1\):

\[ d_1 = \frac{\In(100/100) + (0.015 - 0 + 0.5 \times 0.2"2) \times 0.5}{0.2 \times \sqrt{0.5}} \]

\[ d_1 = \frac{0 + (0.015 + 0.02) \times 0.5}{0.2 \times 0.7071} \]

\[ d_1 = \frac{0 + 0.035 \times 0.50.1414} \]

\[ d_1 = \frac{0.0175}{0.1414} \approx 0.1238 \]

Step 2: Calculate \( d_2\):

\[d_2 =0.1238 - 0.2 \times 0.7071 \approx 0.1238 - 0.1414 = -0.0176 \]

Step 3: Find \( N(d_1) \) and \( N(d_2) \):

- \( N(d_1) \approx N(0.1238) \approx 0.549 \)
- \( N(d_2) \approx N(-0.0176) \approx 0.493 \)

Step 4: Calculate the present value components:

-\( S \times N(d_1) = 100 \times 0.549 = 54.9)



- \( K \times N(d_2) = 100 \times 0.493 = 49.3 \)

Step 5: Discount the strike:

-\( eMN-rT} = eM-0.015 \times 0.5} \approx e™{-0.0075} \approx 0.9925\)

- \( K \times e?{-rT} \times N(d_2) = 100 \times 0.9925 \times 0.493 \approx 100 \times 0.9925 \times
0.493 \approx 48.9 \)

Step 6: Compute the option price:

\[C=549-489=6.0\]

Thus, based on the Black-Scholes model, the fair value of this 6-month call option is approximately

$6.00.

The Impact of Time to Expiration on Option Value

In the example above, observe that increasing T (time to expiration) generally increases the call's

value because:

- It provides more opportunity for the stock to move favorably.

- The values of \( N(d_1)\) and \( N(d_2) \) shift, reflecting increased probability of in-the-money
outcomes.

- The gamma (rate of change of delta) and vega (sensitivity to volatility) are higher for options with

longer time horizons.

Conversely, as T decreases toward zero:



- The option's value converges to its intrinsic value, which is \( \max(S - K, 0) \).

- The probabilities of significant price movements diminish, reducing the time value component.

Limitations and Assumptions of the Black-Scholes Model

While the Black-Scholes formula is powerful, it relies on several assumptions that may not hold

perfectly in real markets:

- Log-normal distribution of stock prices
- Constant volatility and interest rates

- No transaction costs or taxes

- No early exercise (European options)

- Continuous trading

Therefore, actual market
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