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Abstract 

Research background: “How much is flexibility worth?” This question is 

the title of one of almost countless contributions. In these, procedures are 

discussed with which existing room for manoeuvres in corporate 

management can be quantitatively mapped. When Myers recognized in 1977 

that decision-making situations in companies have the characteristics of 

financial options, he laid the foundation for the theory of real options. In the 

following years, further articles appeared dealing with the problem of the 

value-based recording of flexibility.  

Purpose of the article: The aim of this paper is to empirically test the 

explanatory variables of Black-Scholes flexibility. A period from 2000 to 

2020 is analyzed, as it is assumed that the digital age had already found its 

way into companies’ business models at that point in time. 

Methods: In the following, using the approach described above, the value 

of flexibility from the Black-Scholes call option is determined for the years 

2000 to 2020. The sample comprises the STOXX Europe 600. The aim of 

the model is to test whether the flexibility determined by Black-Scholes can 

be explained by selected parameters. These include intangibles, sales 

growth, debt to equity, market to book value, and earnings in the form of 

profitability 

Findings & Value added: The results show which variables explain the 

Black-Scholes flexibility as well as how the Black-Scholes flexibility has 

evolved over the period studied. 
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1 Introduction  

“How much is flexibility worth?” (Copeland & Keenan, 1998). This question is the title of 

one of almost countless contributions. In these, procedures are discussed with which existing 

room for manoeuvres in corporate management can be quantitatively mapped. When Myers 

recognized in 1977 that decision-making situations in companies have the characteristics of 
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financial options, he laid the foundation for the theory of real options (Myers, 1977). In the 

following years, further articles appeared dealing with the problem of the value-based 

recording of flexibility. It was recognized that the conventional future success value methods 

of company valuation (capitalized earnings value and discounted cash flow methods) are not 

suitable for capturing the inherent flexibility of many investment projects (Amely & Suciu-

Sibianu, 2001). Due to the value of flexibility always being positive, these valuation methods 

lead to a systematic undervaluation of the respective companies or individual investment 

projects. This problem could be addressed with the help of the real options approach by no 

longer considering investment projects as a one-time and irreversible decision for or against 

a project, but by taking the asymmetric risk-reward profile into account in the investment 

appraisal process. Since Myers laid the foundation in 1977, real options have been decisively 

researched in a wide variety of areas (Kang et al., 2021 ; Balibrea-Iniesta et al., 2021 ; Oh & 

Yoon, 2020 ; Luo et al., 2021). Nowadays, many different use cases for real options have 

been and are being researched. Lambrecht (2017) identified four new main areas for future 

research in real options : real option applications, deeper development of real option methods, 

empirical studies and tests of real option valuation (ROV) and surveys or studies providing 

insights real options are exercised.  For example, a real option approach for valuing publically 

funded research, by van Zee & Spinler (2014) or a new fully possibilistic method for real 

option valuation of investment projects by Stoklasa et al. (2021). Driouchi and Bennett 

(2011) argue, if real options are explored and exploited appropriately, real options decision 

making can result in superior performance. The majority of contributions that quantify 

flexibility deal with so-called asset-side real options. The focus here is on the scope for action 

embodied in the company’s assets. Room for maneuver can arise through expansion 

(growth), removal (divestment) or alternative deployment (switching).  So far, little attention 

has been paid to the scope for action on the liabilities side. They arise, for example, through 

self-financing and through their contribution to the value of the company or the value of an 

investment project (Koch 1999 ; Rams, 1999).  

In this paper, corporate flexibility is determined and compared on the basis of the Black-

Scholes model and by Myers’ model. Subsequently, these flexibility values are explained by 

selected variables by means of a regression analysis. 

2 Approach to Quantifying the Scope for Action through the Black-

Scholes Model  

The approach presented for assessing flexibility draws on an option price-based theoretic 

model. Using the well-known Black-Scholes equation (Black & Scholes, 1973), the value of 

a call option on equity can be determined with a strike price composed of the amount of 

money surrendered and the return demanded by the equity investors. This value can be 

interpreted as the value of flexibility. The starting point of the underlying considerations is 

that an investment project has a limited term. After its expiry, the assumption of 

recapitalization already indicated above is made. Recapitalization is understood to mean that 

the equity raised to finance the project is repaid to the equity investors after completion of 

the project. New equity is then raised for a subsequent investment project. The Black-Scholes 

option valuation formula for a call option is as follows: 
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where 

 

S corresponds to the price of the underlying at the current time t=0, 

t is the time remaining until the maturity date, 

X is the strike price, 

N(d1) is the cumulative distribution function of the standard normal distribution, 

N(d2) is the probability of realizations smaller than d, 

rf represents the continuous interest rate, and 

exp(-rf × t) is the discount factor.  

 

Real options theory enables management decisions and corporate processes to be 

identified and analyzed as options on future corporate success (Daum, 2002). 

3 Approach to Quantifying the Scope for Action through Myers’ Model 

The term growth potentials is used in this thesis to refer to the ability of companies to generate 

future profitable growth. From a scientific theoretical perspective, the concept of growth 

options developed by Myers and real options, which go back to Trigeorgis, are identified as 

suitable approaches. Both will be discussed in the following. 

The concept of growth opportunities can be traced back to Myers. Myers (1977) defines 

that the value of growth opportunities is based on the required return on future investments 

to exceed the firm’s cost of capital. In addition, tangible assets are described as units of 

productive capacity, while intangible assets are considered as options to expand additional 

units. The sum of the option values is defined as the present value of growth. Investments in 

future opportunities, which Myers refers to as the present value of PVGO’s growth 

opportunities, contribute largely to the firm’s equity value (Brealey et al., 2010). The growth 

options explain the price of a share and thus its valuation in a twofold approach when 

referring to growth: The first component is defined as the capitalized value of average 

earnings under a no-growth policy, which is consequently expressed as a perpetuity formula 

with EPS and then discounted by the market capitalization rate r. The second element PVGO 

is defined as the present value of growth options. These represent the value of all expected 

future cash flows that originate from internal projects with a positive net present value and 

exceed the return r required by the investor. Growth options are calculated recursively from 

the share price and the present values of existing assets (PVEA), which capture the present 

value of earnings per share. 

PVGO
r

EPS
S

E

t
+= 0

     (4) 

 

An extension of the concept of growth options can be traced back to Trigeorgis. He 

defines investments as real options, which can be postponed, abandoned, extended, 

shortened, switched, and compounded. This structuring of option characteristics according 

to Trigeorgis suggests that the corporate finance literature agrees on the basic principles of 
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the real options approach, which serves as the basis for more complex quantitative empirical 

models. According to the evidence, Koller & Copeland (2010) describe the main variables 

that correlate with flexibility value. While high investment costs and cash flows lost to 

competition are negatively correlated, other factors are positively associated with flexibility 

and thus growth options: The longer the time until the option expires, the higher the 

uncertainty about the present value and the higher the risk-free interest rate. Finally, the level 

of the present values of the cash flows also determines the flexibility value of the option. 

In line with other authors, Trigeorgis (2002) considers uncertainty and flexibility as key 

factors, therefore the value of options benefits from greater variability in outcomes. He 

extends the concept of NPV by decomposing the value into a sum of passive NPV, flexibility 

value and strategic value. In this context, Trigeorgis resolves the limitations of the NPV 

concept under uncertainty: He defines the part that Myers (1977) calls "intangible" as flexible 

and strategic. In his view, flexibility value is the real option value that increases with high 

uncertainty, long investment horizons, high interest rates, and compound options. Flexibility 

is viewed as the option to postpone, reverse, stop, restart, or switch investment projects 

(Trigeorgis, 2002).  

4 Empirical Analysis 

4.1 Methodology and Data  

In the following, using the approach described above for the years 2000 to 2020, the value of 

flexibility is determined by the Black-Scholes call option. The sample comprises the STOXX 

Europe 600. IBM’s SPSS software is used for statistical analyses. The data are taken from 

the EIKON database. The aim of the model is to test whether the flexibility determined by 

Black-Scholes can be explained by selected parameters. These include intangibles, sales 

growth, debt to equity, market to book value, and earnings, which enter the model as 

profitability. Profitability is calculated by weighting net income by sales. Intangibles are 

further divided by total assets to eliminate the influence of any size effects. The PVGO 

(Present Value of Growth Opportunities) is included as a further model variable. This is 

calculated by deducting the PVEA (Present Value of Existing Assets) from the share price. 

The latter is determined by weighting the earnings per share with the CAPM cost of capital. 

The test is whether the PVGO is consistent with the Black-Scholes value. However, it should 

be noted that the Black-Scholes value is only defined in the positive range, whereas the 

PVGO can also assume negative values. 

The valuation parameters included in the Black-Scholes option price formula are to be 

interpreted as follows: The current price of the underlying value S is equal to the current 

market value of the equity (stock market value/market capitalization). The exercise price X 

is also set equal to the current market value of the equity. The term of the option t is assumed 

to correspond to the period calculated by Balzer (2020), which is required to allow the 

flexibility and growth potential to be incorporated into the operating business in the form of 

the PVEA. The volatility sigma σ can be derived from the historical volatility of the shares 

of the company in question or, if not listed itself, from the volatility of the shares of the 

company. The risk-free interest rate rf is replaced by the company-specific CAPM rate. The 

CAMP return uses the risk free rates and the market returns from the website 

marktrisikoprämie.de. The beta value is determined based on daily returns in an interval of 

one year before the CAPM return is calculated. The resulting value of the call after applying 

the formula to the parameters is understood here as the value of flexibility, as mentioned 

above. 
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The PVEA is calculated as a perpetual annuity from the companies’ earnings per share 

and the company-specific CAPM. The PVEA is then deducted from the share price to 

calculate the PVGO. All values were calculated at the respective year-end date.  

4.2 Empirical Analysis 

The STOXX Europe 600 sample was adjusted for missing values to 269 companies. 

Subsequently, panel data with 5,649 data records were prepared for the analysis. It should be 

noted that two time periods were examined. For the period between 2000 and 2020 of this 

investigation, intangibles were disregarded, as they are only sufficiently published by the 

sample companies from 2004 onwards. Thus, a second data set that takes intangibles into 

account was prepared for the study period from 2004 to 2020. 

The correlation between Black-Scholes values and PVGO is negative, which can be 

attributed to the fact that PVGO values can also become negative, unlike Black-Scholes. 

Sales growth shows no relationship to either variable. While the profitability and market-to-

book variables are negatively correlated with the PVGO, they show a positive correlation 

with the Black-Scholes value.  

Shortening the study period by four years leads to the reduction of the study sample to 

4,573 records. A similar picture emerges here, with both flexibility variables (Black-Scholes 

and PVGO) positively correlated with intangibles. 

In the next step of the statistical evaluation, the hypothesis is tested whether the difference 

between the PVGO and the Black-Scholes value is given. The hypothesis is: The mean values 

of the flexibilities calculated with Black-Scholes and PVGO do not differ. 

 

𝐻0: 𝜇𝐵𝑙𝑎𝑐𝑘−𝑆𝑐ℎ𝑜𝑙𝑒𝑠 = 𝜇𝑃𝑉𝐺𝑂  

 

𝐻1: 𝜇𝐵𝑙𝑎𝑐𝑘−𝑆𝑐ℎ𝑜𝑙𝑒𝑠 ≠ 𝜇𝑃𝑉𝐺𝑂  

 

 

Table 1. Paired samples t test 2000 to 2020 

 

Source: own calculation 
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Table 2. Paired samples t test 2004 to 2020 

 

Source: own calculation 

The paired samples t-test shows that the H0 hypothesis must be rejected for both periods. 

Thus, the mean values of the flexibilities calculated with the two different methods are not 

equal.  

The next question is what explains the individual flexibilities. For this purpose, a 

multivariate linear regression is performed with the selected parameters. 

The first model tested defines the PVGO as the dependent variable and the second model 

the Black-Scholes value. Debt to equity, profitability (net income to sales), sales growth, 

intangibles to assets, and market to book are included in the model as explanatory variables. 

The results of the regression are shown in the following tables for the two periods. 

 

Table 3. Regression with PVGO as dependent variable for 2000 to 2020 

 

Source: own calculation 
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Overall, the model has very low explanatory power and only slight model significance. 

The variable Profitability is the only significant variable at 5 %, but has a negative effect on 

the PVGO. 

Table 4. Regression with Black-Scholes value as dependent variable for 2000 to 2020 

 

Source: own calculation 

Despite the only slight increase in explanatory power, the second model shows that all 

variables are significant with the exception of sales growth. It is noticeable, however, that 

profitability, market to book, and sales growth have opposite signs and thus influence the 

Black-Scholes value in the opposite direction compared to the PVGO. 

Table 5. Regression with Black-Scholes value as dependent variable for 2004 to 2020 

 

Source: own calculation 
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The inclusion of intangibles in the second regression model leads to only a slight increase 

in the explanatory power of PVGO as the dependent variable. Overall, intangibles have a 

significant positive influence on PVGO. At the same time, both market-to-book and 

profitability show a slight significant influence. 

Table 6. Regression with Black-Scholes value as dependent variable for 2004 to 2020 

 

Source: own calculation 

The explanatory power can also be slightly increased in the last model with the Black-

Scholes value as the dependent variable. Intangibles are also a significant factor here, as are 

all other variables with the exception of sales growth. 

5 Conclusion 

In the present paper, the focus was on presenting two option price theory approaches to the 

valuation of flexibility and to explain them statistically by selected variables. It was found 

that in the period under consideration, 2000 to 2020, the Black-Scholes equation corresponds 

to the value of flexibility according to Myers’ model. This was done by matching the PVGO, 

which is the difference between the stock price and the PVEA, reflecting the exact value of 

flexibility potentials expected by the market at a point in time. On average, the Black-Scholes 

equation overstated the value of flexibility compared to the PVGO, taking into account the 

calculation procedure. Furthermore, intangibles could be statistically determined as a 

relevant and significant parameter for the value of flexibility. At the same time, profitability, 

market to book and debt to equity were also found to be significant variables. Overall, it can 

thus be recommended to company management to invest in intangibles in order to create 

flexibility values and thus advantages for the company. The limitations lie in the model setup. 

It may be necessary to define further variables or other correlations and calculation 

procedures in order to obtain a better understanding of the statistical relevance of flexibility. 
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