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Abstract 
 
Many industries such as the retail industry are increasingly competitive in the U.S. since 
there are many players that offer similar products and services at similar price levels. In a 
competitive market, the decision to invest in a market is a key strategy which will 
differentiate a company from its competitors. In this paper, we pursue the market 
selection problem from an investment perspective and describe a novel option valuation 
approach used to determine the optimal investment time and the market potential 
threshold at which a firm should enter the market. We use the retail industry to explain 
our theoretical model and examine our theoretical results. One important result from our 
option valuation approach is an explanation of why big retailers invest relatively later and 
at higher market potential thresholds in markets with small retailers than in markets 
without small retailers. Findings from an empirical study support this theoretical result.  
 
1. Introduction 
 
The retail industry is an essential component of any industrialized economic system [1]. 
In 2005, retail was the third largest private industry in the U.S. in terms of number of 
establishments and employees after ‘educational services, health care, and social 
assistance’ and ‘professional and business services’. Retail trade accounts for 
approximately 12.4 percent of all business establishments and for approximately 11.6 
percent of employment (see [2] for statistics). The U.S. retail industry generates $3.8 
trillion in retail sales annually ($4.2 trillion if food service sales are included) [2]. It is 
also one of the largest industries in the United States in terms of the value added to the 
Gross Domestic Product (GDP) and accounts for approximately 7% of the U.S. GDP (see 
[3] for statistics).  
The retail industry is increasingly competitive in the U.S, and consequently, retailers 
constantly seek to improve their operations and business strategies to differentiate 
themselves from other competitors [4]. In addition to price reductions and running 
promotions and loyalty programs, one of the most important business strategies is the 
selection of geographic markets to open new stores [5]. Despite the importance of retail 
market selection, many retailers have often used qualitative approaches, which are mainly 
based on expert opinions for evaluating potential markets [6-10]. Many retailers 
expressed their interests in the development of appropriate methods and techniques that 
could assist them in systematic evaluation of market potential for new store investment 
and development [11, 12]. Hence, market selection analysis is a central topic in retail 
research and many existing marketing studies have introduced and developed qualitative 
methods for retail market selection (for a comprehensive review of this literature see [5, 
13]). These research studies primarily identify the most significant attributes that impact 
the store’s performance in a particular market or in a particular location. However, they 



do not address retail market selection from an investment analysis point of view, which is 
an important aspect of decision-making in the retail industry.  
Retailers recognize opening stores in developing markets as investment opportunities 
whose success enhances the financial position of retail firms. Opening stores is an 
example of an investment activity since it has three important features of investment 
decisions as outlined by Dixit and Pindyck [14]. It is partially irreversible, it is subject to 
uncertainty, and management may have the flexibility to choose investment time. In this 
paper, we describe an option valuation approach for investment analysis of a retailer’s 
investment in a dynamic market. This option valuation approach explains why big 
retailers invest relatively later and at higher market potential in markets with small 
retailers compared to markets without small retailers. To the best of our knowledge, the 
research introduced in this paper is novel since it provides a computational framework to 
evaluate the financial performance of a retail store in a potential market. It also provides 
a means to determine the retailer’s optimal investment exercise time considering the 
competition effect and the management flexibility to defer an investment. In addition, our 
option valuation approach is the first model that explains the difference in investment 
timing of retailers considering their cost structures. The preliminary results of this work 
have been appeared in [15, 16]. 
It is important to recognize the general nature of the problem addressed in this paper.  
The essential phenomenon of interest is market entry by large and small competitors 
characterized by differing investment, fixed, and variable costs.  These competitors could 
be selling laundry detergent, airplanes, or consulting services. The general decision of 
interest is when, and under what conditions, one should enter a new market, as a function 
of your characteristics and those of existing or potential competitors. This paper 
addresses retail companies because of the availability of large data sets to support 
validation of our theoretical conclusions. We expect, however, that these conclusions 
may apply to entry into other types of markets as well. This paper is structured, as 
follows. 
In section 2, we summarize the similarity between a retailer’s investment opportunity in a 
developing market and a perpetual American call option on a common stock. Based on 
this analogy, we develop an option valuation approach to determine the optimal time that 
a retailer should exercise his investment opportunity and opens a store in a developing 
market. In section 3, we present several numerical examples of this option valuation 
approach to assess the impact of competition on retailer’s investment decisions. We 
theoretically demonstrate that big retailers should invest relatively later and at higher 
market potential in developing markets with small retailers compared to markets without 
small retailers. In section 4, we develop a practical procedure that can be used by retailers 
for finding optimal investment times in developing markets. In section 5, we empirically 
examine the actual investment behavior of a big retailer in retail markets. Our empirical 
results provide supporting evidence for our theoretical work. Conclusions are provided in 
section 6.  
 
2. An option valuation approach for the evaluation of a retailer’s investment 
opportunity   
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Traditional investment analysis is usually performed based on the Net Present Value 
(NPV) approach. In this approach, a retailer should choose the best market for opening a 
store that provides the greatest NPV. The NPV approach is based on some implicit 
assumptions that reflect its basic inadequacy. Limitations of the NPV approach are 
widely documented in the literature [14, 17, 18]. This approach does not properly address 
uncertainty in store cash flow analysis and it does not consider the possibility that the 
retail management may have the flexibility to defer investment in a developing market. 
Further, the NPV approach does not fully capture the strategic aspect of an investment 
opportunity in a competitive retail market. For instance, a retailer may decide to open a 
store earlier in a market to take the first-mover advantage and delay the entry of his 
competitor. 
Limitations of the NPV approach can be overcome by using a different perspective on 
investment under uncertainty, which is recognized as real options. The real option 
approach addresses managerial flexibility and strategic behaviors of decision makers 
under dynamic uncertainty [14, 17, 18]. It also provides an analytical framework to 
evaluate management flexibility in decision-making regarding whether or how to proceed 
with business investments while it considers the dynamic uncertainty of the investment 
underlying factors. A number of existing corporate finance studies have used the real 
option theory in strategy practice and market performance [19-21].  
A retailer’s investment opportunity to open a store in a developing market is an example 
of a real option. It gives the retailer the right – which the retailer needs not exercise – to 
make an investment outlay (the exercise price of this option) and open a store in a 
developing market. In this paper, we assume this retailer’s investment opportunity is 
perpetual and never disappears. This is similar to perpetual American call options that 
can be exercised any time in the future. The financial performance of this store is 
determined by the store’s free cash flow that derives from the size (or potential) of the 
market where the retail store is located. In this paper, we consider the value of the retail 
market potential as the underlying factor in the evaluation of a retailer’s investment 
opportunity in a developing market. This is similar to stock price, which is the underlying 
asset for the valuation of a call option. We use the similarity between a retailer’s 
investment opportunity as a real option and a perpetual American call option on a 
common stock as a financial option and develop an investment analysis approach for the 
evaluation of a retailer’s investment opportunity. This analogy is summarized in Table 1, 
as follows. 
 

Table 1. The analogy between a retailer’s investment opportunity and a perpetual 
American call option 

Perpetual American Call Option Retailer’s Investment Opportunity 
Stock price Value of retail market potential 
Expected growth rate of stock price Expected growth rate of retail market 
Volatility of stock price Volatility of retail market  
Maturity date   Investment time horizon 
Strike price Investment cost to develop a store 
Discounted option payoff Discounted expected Net Present Value (NPV) 

of store free cash flow 
Discount rate Discount rate 
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The value of retail market potential – the underlying asset of a retailer’s investment 
opportunity – changes randomly over time. Similarly the stock price – the underlying 
asset of a financial call option – changes randomly over time. In this paper, we describe 
the dynamic uncertainty of a retail market by two parameters: the expected growth rate 
and the volatility. These parameters are similar to the expected growth rate and the 
volatility of stock price, respectively that are used for modeling the dynamic uncertainty 
of stock price in the financial evaluation of perpetual American call options. We also 
assume that investment time horizon of a retailer’s investment opportunity is infinitive. 
This is similar to the maturity date of a Perpetual American call option, which is infinity. 
Further, we assume that a retailer’s investment option is free. Exercising an investment 
option is what costs money. This investment cost to develop a store is similar to the strike 
price that a call option holder must pay to acquire a share of stock. 
The financial problem for a call option holder is to find the optimal time to exercise his 
call option and acquire a share of common stocks. Similarly, the investment problem for 
a retailer who holds an investment opportunity in a developing market is to find the 
optimal time to exercise his investment opportunity and open a store. A retailer exercises 
his investment opportunity when the net present value of store free cash flow exceeds the 
value of keeping the investment opportunity alive. Similarly, a call option holder also 
exercises his perpetual American call option when the discounted option payoff exceeds 
the value of keeping the option alive. The retail store free cash flow is evaluated 
according to a discount rate that represents the retailer’s time value of money and the 
riskiness of his investment opportunity. This is similar to the discount rate that is used by 
the call option holder that represents his time value of money as well as his subjective 
assessment of the riskiness of the option. In this paper, we assume that the retailer can 
correctly estimate the discount rate for his investment opportunity.     
We use this described analogy to develop an option valuation approach that determines 
the optimal investment time for a retailer to exercise his investment opportunity. In the 
next section, we describe our option valuation approach by introducing a demand model 
for retail markets.  
 
2.1. Demand modeling in retail markets  
 
In this paper, we use a linear demand function [22, 23] to characterize the inverse 
relationship between the price of a product and the amount of the product that customers 
purchase at this price from a retailer in a market. This demand function is based on the 
assumption that retailers provide similar products at similar service levels to customers in 
a market. In modeling the retail demand, we use a typical product (or basket of products) 
that retailers provide for simplifying our model formulation. Equation (1) summarizes 
this linear demand function, as follows.  

)()()( tXtDγtP +−=                 (1) 
where (P(t)) is the price of the product at time step (t), (D(t)) is the demand for this 
product at the given price at time step (t), (γ) is the absolute constant slope of this price-
demand line, and (X(t)) is the intercept of this line that is modeled to change over time. 
(X(t)) in Equation (1) represents the intercept of the demand line and determines the 
maximum price for this product in this retail market at time step (t). (X(t)) can be 
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interpreted as an indicator of the value of retail market potential (or the size of a retail 
market). The value of (X(t)) increases as the value of retail market potential increases 
since in large markets there exist customers who pay higher price for a product. Variable 
(X) in this demand function is modeled to be time-dependent in order to capture the 
dynamic change of demand in retail markets. Figure 1 shows how the inverse relationship 
between the price and the demand for this product changes over time as the value of 
(X(t)) changes over time. In the next section, we describe how a retailer optimizes its 
profit with respect to the demand in a market.  
 

Price (P)

)()()( tXtDγtP +−=

X(t)

Demand (D)

Price (P)

)()()( tXtDγtP +−=

X(t)

Demand (D)  
Figure 1. The demand function in retailing 

 
2.2. Retailer’s profit function  
 
Retailers seek to maximize their profits according to the market demand, their cost 
structures, and retail market structure. Retailers are different in many aspects of their 
operations including store size, supply chain management, service levels, negotiations 
with suppliers, etc. In this paper, retailers’ differences are summarized at higher level of 
abstraction in terms of their cost structures specified by the following three cost variables.  

• The investment cost (IC) to develop and open a store in a market  
• The fixed cost (FC) to keep a store open in a market 
• The variable cost (VC) to provide one unit of the product in the store 

The values of these cost variables are assumed to be known and fixed for retailers. These 
cost variables are used in the retailer’s profit function formulation that is summarized in 
Equation (2), as follows.  

( ) FCtQVCtPt −−=Π )()()(                (2) 
where (Π(t)) represents the retailer’s profit function at time step (t) and (Q(t)) is the 
amount of the product that customers purchase from a retailer in this market at the given 
price of (P(t)). In addition, the retailer’s investment cost (IC) is a one-time cost that a 
retailer must pay in order to receive the above profit function in the subsequent time 
steps. The retailer’s financial objective is to maximize its profit considering its cost 
structure, the demand in the retail market, and the market structure. In this paper, we 
consider only two types of retail market structures: monopoly and duopoly, but our 
formulation can be extended to markets with more retailers. The objective is to determine 
the optimal profit for a retailer in a monopoly or a duopoly retail market. First, we study 
monopoly retail markets. 
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2.2.1. Monopoly retail markets  
 
The retailer’s profit function in a monopoly market is described in Equation (2). The 
retailer has the power in this monopoly market and can choose the optimal amount of the 
product to supply to the market considering the demand in the market. Consequently, we 
express the price of the product in this monopoly market using Equation (1) by 
substituting (Q(t)) for (D(t)). Considering this price, the retailer’s profit function in the 
monopoly market is summarized below in Equation (3). 

( ) ( )( )
( ) ( ) FCtQVCtXtQγ

FCtQVCtXtQγFCtQVCtPt

−−+−=

−−+−=−−=Π

)()()(

)()()()()()(
2

                   (3) 
The retailer maximizes its profit by providing the optimal amount of the product to this 
monopoly market, i.e., the optimal amount of the product maximizes the above profit 
function. The retailer’s optimal profit in the monopoly market – denoted by (ΠM(t)) – is 
specified below in Equation (4).  

( ) ( )( ) ( )
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γ
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                   (4) 
Next, we study duopoly retail markets.  
 
2.2.2. Duopoly retail markets  
 
In a duopoly retail market, we assume that there are only two retailers in the market: 
retailer 1 and retailer 2. Retailer 1’s and retailer 2’s fixed costs are denoted by (FC1) and 
(FC2) while their variable costs are denoted by (VC1) and (VC2), respectively. Their 
amounts of the product in this duopoly market are denoted by (Q1(t)) and (Q2(t)), 
respectively. These two retailers have the power in this duopoly market and can choose 
the optimal amounts of the product to supply to the market considering the demand in the 
market. For a duopoly retail market, we express the price of the product using Equation 
(1) where we substitute (Q1(t)) + (Q2(t)) for (D(t)). Considering this price, retailer 1’s and 
retailer 2’s profit functions in this duopoly market – which are denoted by (Π1(t)) and 
(Π2(t)), respectively – are summarized in Equation (5). 

( ) ( )( )
( ) ( )( )⎪⎩

⎪
⎨
⎧

−−−+−=Π

−−−+−=Π

2212
2

22

1121
2

11

)()()()()(

)()()()()(

FCtQtQγVCtXtQγt

FCtQtQγVCtXtQγt

             (5) 
These two retailers maximize their profits by providing optimal amounts of the product to 
this duopoly market, i.e., optimal amounts of the product maximize above profit 
functions simultaneously. Retailer 1’s and retailer 2’s optimal profits in the duopoly 
market – (Π1

D(t)) and (Π2D(t)), respectively – are specified below in Equation (6).  
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            (6) 
From Equations (4) and (6) the retailer’s optimal profit in the monopoly or duopoly retail 
market is a function of (X(t)), which is the state variable in our decision space. Since the 
value of (X(t)) changes randomly over time it is critical to define a mathematical model 
for (X(t))to captures its dynamic uncertainty. This mathematical formulation also helps us 
determine the optimal time at which a retailer decides to open a store in a market. This 
optimal time is when the value of (X(t)) reaches a critical threshold value. In the next 
section, this formulation is presented.  
 
2.3. Modeling the dynamic uncertainty 
 
The value of retail market potential (X(t)) is the underlying factor in the evaluation of a 
retailer’s investment opportunity. We assume that the value of (X(t)) grows exponentially 
at some positive rate plus some random variation due to economic noise. We use a 
Geometric Brownian Motion (GBM) [24] to model the dynamic uncertainty of {X(t); 
t∈[0,∞]} according to Equation (7).  

XdzσXdtαdX +=                 (7) 
where (dz) is an increment of a Wiener process, (α>0) is the drift parameter, and (σ>0) is 
the volatility parameter of this stochastic process. The GBM process is a useful model to 
characterize the dynamic uncertainty, which is widely used in finance to model the 
dynamic variation of the stock price [24]. The GBM process is a good model to reflect 
incremental movements of our stochastic variable {X(t); t∈[0,∞]}. It is not a good model 
to represent large swings. In this paper, we assume that the value of retail market 
potential {X(t); t∈[0,∞]} changes incrementally and therefore, a GBM process is an 
appropriate model to capture its dynamic uncertainty.    
Although GBM models are popular in finance the calculation of the expected option 
payoff is difficult for many financial options such as perpetual American call options on 
dividend paying stocks. Also the optimal exercise time for these options cannot be 
computed analytically. Therefore, numerical methods such as finite difference [25], 
lattice methods [26], and Monte Carlo simulation [27] are used to estimate the exercise 
time. In this paper, we chose the lattice method for simplicity as our approximation 
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approach. In the next section, we present a numerical lattice model for the GBM process 
to approximate the dynamic uncertainty of {X(t); t∈[0,∞]} in a discrete time fashion. 
This discrete approximation helps us evaluate a retailers’ investment opportunity as a 
decision tree analysis problem.  
 
2.4. The numerical lattice model  
 
We use a particular form of lattice methods called the trinomial lattice developed by 
Kamrad and Ritchken [28] for approximating the stochastic variation of {X(t); t∈[0,∞]} 
in a discrete random walk fashion as shown in Figure 2. Suppose the value of {X(t); 
t∈[0,∞]} at the beginning of the first time step is (X0). For the next time step, this value 
may increase by the ratio of (u>0), stay constant, or decrease by the ratio of (d = 1/u) 
with probabilities of (p1, p2, and p3), respectively. Suppose the length of each time 
increment is (Δt). Hence, the value of (X) at the next time step (X(t+Δt)) are summarized 
below in Equation (8).   
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where probabilities (p1, p2, and p3) and jump ratios (u and d) are identified in Equation 
(9). 
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where (μ = α - (σ2/2)) and (λ ≥ 1). The values of these parameters are approximated 
based on the method of moments. The mean and the variance of the above approximating 
discrete distribution are chosen to be equal to the mean and the variance of the normal 
distribution that characterizes the stochastic nature of the GBM process. A range of 
values for the above probabilities is generated according to different values of (λ) through 
which option valuation can be carried out [28]. Any value for (λ ≥ 1) results in a feasible 
set of probabilities where (λ = 1) reduces the trinomial lattice formulation into the 
binomial lattice formulation, which is another standard approximating approach for the 
GBM process.     
The above pattern continues for the subsequent time steps until it reaches the last time 
step. The total number of time steps – denoted by N – is selected to be large enough to 
cover several possible values of our state variable {X(t); t∈[0,∞]} since the trinomial 
lattice is an appropriate representation of the GBM process when the time increment (Δt) 
is small enough and the process occurs over a long time [28]. In this paper, we use the 
following numerical values for the time increment (Δt = 0.125 Year) and the total number 
of time steps (N = 10,000). 
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Figure 2. A trinomial lattice model to approximate the dynamic uncertainty of (X(t)) 
 
Figure 2 shows how this lattice model is used to evaluate a retailer’s investment 
opportunity as a decision tree problem. Every node in this lattice is a decision node for a 
retailer who must choose between two alternatives: to exercise its investment opportunity 
and open a store or wait and defer its investment opportunity to the next time step. In the 
next section, we describe an evaluation procedure based on this decision tree to determine 
when it is optimal for a retailer to open a store in a developing market. 
 
2.5. A procedure to evaluate a retailer’s investment opportunity in a developing market 
 
To describe our computational evaluation procedure, we consider two retailers (retailer 1 
the market whose potential changes according to the GBM model of Equation (7). This is 
similar to holding two perpetual American call options on a single underlying asset, 
which is the retail market potential. We assume that these two retailers use the same 
discount rate for the evaluation of their investment opportunities. We denote this 
common discount rate by parameter (ρ) in this paper. The problem is to determine the 
optimal investment time for these retailers to exercise their investment opportunities and 
open stores in this developing market. We describe the evaluation algorithm, based on the 
decision tree analysis approach and the concept of the Nash equilibrium in game theory 
[23], to solve this investment problem, as follows.  
1. Input values for the model parameters: ((VC1), (FC1), (IC1), (VC2), (FC2), (IC2), (ρ), 
(X0), (γ), (α), (σ), (Δt = 0.125 Year), and (N = 10,000)) 
2. Compute (p1, p2, and p3) and (u and d) based on Equation (9) 
3. Construct a trinomial lattice with (N) time steps of length (Δt) to represent the 
stochastic variation of (X) according to Equation (8)  
4. Set the current time step as the last time step: time step (N) 
5. For every node in the current time step  

5.1. Calculate retailer 1’s and retailer 2’s expected NPVs in the following four 
market structures 
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5.1.1. The market, in which both retailers exercise their investment 
opportunities and open stores (see Appendix A for details of the 
calculation procedure) 
5.1.2. The market, in which retailer 1 exercises his investment opportunity 
and opens a store while retailer 2 defers its investment opportunity to the 
next time step (see Appendix B for details of the calculation procedure) 
5.1.3. The market, in which retailer 2 exercises his investment opportunity 
and opens a store while retailer 1 defers its investment opportunity to the 
next time step (see Appendix B for details of the calculation procedure) 
5.1.4. The market, in which both retailers defer their investment 
opportunities to the next time step or drop their investment opportunities if 
the current node under consideration is in time step (N) (see Appendix C 
for details of the calculation procedure) 

5.2. Find the stable state of the market (the Nash equilibrium of the market) from 
the aforementioned four market structures at the current node  
5.3. Mark this node for retailer 1 when either market structure 5.1.2 or market 
structure 5.1.4 is the Nash equilibrium state of this competitive market, i.e., 
retailer 1 should exercise his investment opportunity at the current node when 
either market structure 5.1.2 or market structure 5.1.4 is the Nash equilibrium 
state of this competitive market.    
5.4. Mark this node for retailer 2 when either market structure 5.1.3 or market 
structure 5.1.4 is the Nash equilibrium state of this competitive market, i.e., 
retailer 2 should exercise his investment opportunity at the current node when 
either market structure 5.1.3 or market structure 5.1.4 is the Nash equilibrium 
state of this competitive market.    

6. Move back in the lattice to the time step before the current time step. Set the current 
time step to this new time step and repeat step (5) until the process reaches the first time 
step 
7. For any time step (i) where (i = 1, 2, …, N): 

7.1. Find the node with the lowest value of (X) that retailer 1 exercises its 
investment opportunity. Save this minimum value in (X1

*(i)) 
7.1.1. If retailer 1 does not exercise his investment opportunity in none of 
the nodes in the current time step set (X1

*(i) = ∞)  
7.2. Repeat step (7.1) for retailer 2 and save the minimum value in (X2

*(i)) 
 7.2.1. If retailer 2 does not exercise his investment opportunity in none of 
the nodes in the current time step set (X2

*(i) = ∞)  
8. Find T1 = min {k | k∈{1, 2, …, N} & (X1

*(k) ≠ ∞)}. Return (T1) as the optimal time 
step that retailer 1 should stop holding his investment opportunity and exercises his 
option. Also return (X1

*(T1)) as the optimal investment threshold for retailer 1. Retailer 1 
should exercise his investment opportunity when the value of {X(t); t∈[0,∞]} reaches or 
exceeds this threshold value.  
9. Repeat step (8) and return (T2) as the optimal time step that retailer 2 should stop 
holding his investment opportunity and exercises his option. Also return (X2

*(T2)) as the 
optimal investment threshold for retailer 2. 
Our evaluation procedure can be readily modified for finding the optimal investment 
threshold for a retailer (only retailer 1 or retailer 2) in a monopoly market. Only step five 
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in the aforementioned procedure needs to be revised for the calculation of a retailer’s 
expected NPV in a monopoly retail market, as follows.   
5. For every node in the current time step 

5.1. Calculate the retailer’s expected NPV in the market, in which this retailer 
exercises its investment opportunity (see Appendix B for details of the calculation 
procedure)  
5.2. Calculate the retailer’s expected NPV if a retailer decides to defer its 
investment opportunity for the next time step or drop its investment opportunity if 
the node under consideration is in time step (N) (see Appendix B for details of the 
calculation procedure)  
5.3. Mark this node for the retailer if the expected NPV of the exercise is greater 
than the expected NPV of deferring investment opportunity   

In the next section, we use the above algorithm and conduct several numerical examples 
to assess the impact of the competition and the change in the values of model parameters 
on the retailer’s optimal investment threshold. We also compare our approach with the 
traditional NPV approach.   
 
3. Numerical examples 
 
The first numerical example is conducted to assess how the competition impacts the 
retailer’s optimal investment threshold.  
 
3.1. The competition effect  
 
Consider two retailers with different cost parameters. The first retailer (retailer 1) is a big 
discount retailer (e.g. Wal-Mart), which has a low variable cost but high fixed and 
investment costs to open a store. The second retailer (retailer 2) is a small discount 
retailer (e.g. Dollar General) that has a high variable cost but low fixed and investment 
costs. To illustrate our option valuation approach, we choose some notional values for 
our model parameters. We use the following numerical values for retailers’ cost 
parameters (IC1 = $400,000 > IC2 = $200,000, FC1 = 200,000 $/Year > FC2 = 100,000 
$/Year, and VC1 = 80 $/Item Sold < VC2 = 100 $/Item Sold). The following numerical 
values are assigned to our model parameters: (ρ = 15 %/Year, σ = 10 %/Year, X0 = 700, γ 
= 1, Δt = 0.125 Year, and N = 10,000 Time Steps). We carry out our analysis at four 
levels of parameter (α = 2, 4, 6, and 8 %/Year). We determine these two retailers’ optimal 
investment thresholds in the duopoly vs. the monopoly market in order to explore the 
significance of the competition effect in the retailer’s entry decision. 
The vertical axis in Figure 3 (X*) indicates the big and the small retailer’s optimal 
investment threshold in monopoly and duopoly markets. These optimal thresholds are 
critical values of (X*) that are computed according to the algorithm in section 2.5. The 
horizontal axis in Figure 3 specifies different values of parameter (α) for which these 
critical values are calculated. Figure 3 shows that the small retailer’s optimal investment 
threshold in the monopoly and the duopoly market is lower than the big retailer’s optimal 
investment threshold in the monopoly and the duopoly market, respectively. This result is 
expected since the small retailer has the overall cost advantage, which puts him at the 
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better position than the big retailer to enter this market at the relatively lower value of 
(X*).  
The competition effect can be also observed in Figure 3. The big retailer’s optimal 
investment threshold in the duopoly market is greater than this retailer’s optimal 
investment threshold in the monopoly market because the small retailer has already 
opened a store in the duopoly market and hence, the big retailer should wait longer to 
exercise its investment opportunity. However, the small retailer’s optimal investment 
threshold in the monopoly market is the same as this retailer’s optimal investment 
threshold in the duopoly market since the small retailer is the first retailer who can open a 
store in this market. Thus, our option valuation approach indicates the strategic aspect of 
early investment by small retailers in competitive markets. 
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Figure 3. The competition effect on the retailer’s optimal investment threshold 

 
In the next section, we conduct several sensitivity analyses to determine how the change 
in the values of some important model parameters impacts the retailer’s optimal 
investment threshold.  
 
3.2. Sensitivity analysis  
 
The first sensitivity analysis is conducted to explore how the change in the value of the 
expected growth rate of retail market potential impacts the retailer’s optimal investment 
threshold. Figure 3 shows that the value of the retailer’s optimal investment threshold in 
the duopoly market decreases when the value of parameter (α) increases from 2 %/Year 
to 8 %/Year. The retail market tends to grow at a higher rate when the value of parameter 
(α) increases, and hence, the value of a retailer’s investment in this market increases. This 
motivates a retailer to invest earlier and at lower level of retail market potential.  
The second sensitivity analysis is conducted to explore how the change in the value of the 
volatility of retail market potential impacts the retailer’s optimal investment threshold. 
Figure 4 shows that the retailer’s optimal investment threshold in the duopoly market 
increases as the value of parameter (σ) increases from 10 %/Year to 30 %/Year. The 
dynamic uncertainty of the retail market increases when the value of parameter (σ) 
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increases, and hence, the riskiness of an investment in this market increases. This further 
raises the critical investment threshold for the retailer in this risky market.  
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Figure 4. Sensitivity analysis for parameter (σ) 

 
The third sensitivity analysis is conducted to explore how the change in the value of the 
discount rate impacts the retailer’s optimal investment threshold. Figure 5 shows that the 
retailer’s optimal investment threshold in the duopoly market increases as parameter (ρ) 
increases from 8 %/Year to 12 %/Year. The discount rate shows the retailer’s subjective 
assessment of the riskiness of an investment opportunity. When the riskiness of an 
investment in a retail market increases, the retailer requires relatively higher rate of return 
(i.e., discount rate) for investment in this market and invests when the value of retail 
market potential market reaches satisfactorily high level that compensates for the 
riskiness of the investment. Next, we compare our options investment analysis approach 
with the traditional NPV analysis approach to explore the significance of considering 
management flexibility in investment valuation. 
 
3.3. Comparison between our option valuation approach and the traditional NPV 
approach 
 
The traditional NPV approach is based on the assumption that retailers have to exercise 
their investment opportunities immediately or their investment opportunities disappear. 
The decision rule in this approach is simple; a retailer opens a store in a market when the 
expected NPV of its investment exceeds zero. This approach does not consider the 
possibility that a retailer may have the flexibility to defer its investment in a developing 
market. We use our numerical example in section 3.1 to determine the retailer’s 
investment threshold under the NPV approach and compare this threshold with the 
threshold under our options analysis approach. 
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Figure 5. Sensitivity analysis for parameter (ρ) 

   
Figure 6 shows that the big retailer’s and the small retailer’s optimal investment 
thresholds under the NPV approach are lower than the optimal investment thresholds 
under our option valuation approach, respectively.  The (X*) value that triggers an 
investment decision in our option valuation approach takes into account the balance 
between waiting for higher (X), where the upside will inevitably happen, and foregoing 
revenue while the retailer is waiting. On the other hand, the (X*) value that triggers an 
investment decision in the NPV approach is one for which the NPV is greater than zero 
since this approach does not allow for management flexibility to defer an investment 
opportunity in the market.  This makes the NPV approach a more aggressive investment 
decisions. The NPV approach does not appreciate the value of waiting with only two 
possible decisions: now or never. Our option valuation approach addresses the value of 
waiting as an important value component of a retailer’s investment opportunity. This 
result is consistent with the findings of Dixit and Pindyck [14] and Trigeorgis [18] who 
indicate that in the real world an investor requires a higher return than what is required by 
the NPV approach for investments in risky projects. However, the choice of the 
investment analysis approach is not important in the following situations: 

• When a retailer does not have any flexibility to defer its investment opportunity 
• When a retailer’s investment opportunity expires in a short time 
• When the value of retail market potential is substantially larger than the retailer’s 

investment optimal thresholds based on the NPV and the real option valuation 
approach  

In other market situations, the optimal retailer’s investment threshold is different under 
these two investment analysis approaches and a retailer should use our option valuation 
approach for the appropriate investment evaluation. In the next section, we describe a 
practical procedure that shows how a retailer can use our options investment analysis 
approach for the real world decision-making. 
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Figure 6. Comparison of the NPV approach and our option valuation approach 

 
4. A practical procedure for investment decision-making  
 
Retailers can use our option valuation approach to determine their optimal investment 
thresholds in developing markets. The first step is to determine the values of parameters 
that are required as inputs in our option valuation approach.   
 
4.1. Inputs  
 
A retailer first needs to determine the values of parameters (α) and (σ) as essential inputs 
for our option valuation approach. In this paper, we assume that a retailer can use 
historical data for retail market population – denoted by {R(t); t∈[0,∞]} – to estimate the 
values of the above parameters since. The value of retail market population represents the 
size of a retail market (or the value of retail market potential), which is characterized by 
variable {X(t); t∈[0,∞]} in our demand model in Equation (1). The value of {X(t); 
t∈[0,∞]} increases as the value of retail market population {R(t); t∈[0,∞]} increases 
since in large markets there exist customers who pay higher price for a product. Suppose 
that populations of this retail market are (R0), (R1), …, and (RN) for time step (0), (1), …, 
and (N), respectively. Luenberger [29] describes an estimation procedure to use these 
(N+1) time points of data to estimate the value of parameters (α) and (σ). The sample 
average and the sample standard deviation of the log-ratio of these (N+1) time points of 
demand data (denoted by  and  in Equation (10), respectively) are used as 
unbiased estimators of the expected growth rate and the volatility of {R(t); t∈[0,∞]}, and 
consequently, variable {X(t); t∈[0,∞]} in our options valuation approach. Equation (10) 
shows the formula for this estimation process. 
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In addition, the retailer must determine the values of its own cost parameters as well as 
the values of its competitor’s cost parameters if the retail market is competitive. Since a 
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retailer may not be confident about his estimate for the values of its competitor’s cost 
parameters, he should conduct sensitivity analysis to explore the impact of the incorrect 
estimation on his optimal investment threshold in a developing market.  
Finally, the retailer needs to specify the discount rate that to be used for the evaluation of 
its investment opportunity. The retail firm’s cost of capital is a good estimate for this 
discount rate. However, sensitivity analysis must be conducted for different possible 
estimates for this factor based on the retailer’s subjective assessment of the riskiness of 
an investment opportunity. Next, we describe what outputs are our option valuation 
approach yields.   
 
4.2. Outputs  
 
The most important output of our option valuation approach is the retailer’s optimal 
investment threshold in terms of the value of retail market potential that guides him to 
exercise his investment opportunity and open a store. The retailer should open a store in 
this market when the value of retail market potential {X(t); t∈[0,∞]} reaches this optimal 
threshold. In addition, our option valuation approach determines the optimal time that a 
retailer should exercise its investment opportunity. Further, our model provides the 
optimal investment threshold of the other retailer, if a competitor is present in this 
market. 
In addition, a retailer can use our option valuation approach to determine how likely it is 
that the other retailer opens a store in a developing market where this retailer has already 
opened a store. Suppose that the value of (X) in this market changes according to the 
GBM process of Equation (7) with parameters (α) and (σ). Also suppose that the first and 
the second retailer’s optimal investment thresholds in this market are (X1

*) and (X2
*), 

respectively. Variable (W = ln(X)) follows a Brownian motion process with the expected 
growth rate of (ν = α – (σ2/2)) and the volatility of (σ), as summarized in Equation (11).  

dzσdtσαdzσdtυdW +−=+= ))2/(( 2
           (11) 

According to Ross’s hitting time distribution for a Brownian motion process [30], 
random variable (Mt), which denotes the maximum value of (W) on the interval [0, t], 
has the following cumulative density function that is summarized in Equation (12). 
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where (Φ) represents the cumulative distribution function of standard normal random 
variables and (y) is equal to (ln(X2

*/ X1
*)). This is the probability of the event that within 

time window (t) the second retailer does not open a store in this developing market. We 
elaborate this calculation through conducting a numerical example. Suppose that the 
small retailer enters the market at the critical value of (X* = 900) and the big retailer 
enters the market at the critical value of (X* = 1700). We want to know how likely it is 
for the big retailer to open a store within five-year time window after the small retailer 
opens his store in a developing market that is identified by parameters (α = 0.04 and σ = 
0.1). Values of other model parameters are (ν = α – (σ2/2) = 0.04 – ((0.1)2/2) = 0.035, t = 
5, and y = ln((1700)/(900)) =  0.63). According to the probability calculation below, it is 
very likely that the big retailer does not open a store in this market within the five years 
after the small retailer. 
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This probability calculation is an important output of our option valuation approach since 
it helps a retailer assess the entry threat of the competing retailer. In the next section, we 
provide empirical evidence for our theoretical result regarding the impact of competition 
on big retailers’ investment decisions.  
 
5. Empirical evidence 
 
Our theoretical result in section 3.1 indicates that the preferred strategy for big retailers is 
to invest relatively later and at higher market potential in markets with small retailers 
compared to markets without small retailers. We empirically examine this theoretical 
result by looking at the actual investment behavior of a big discount retailer (Wal-Mart in 
our case study) in two types of retail markets. The first type is markets in which a small 
discount retailer (Dollar General in our case study) has a store opened. The second type is 
markets in which Dollar General does not have a store opened. In this paper, we call the 
first retail markets competitive and the second markets noncompetitive. 
We chose Wal-Mart and Dollar General for our case study since these two retail firms 
have much in common in geography and customer base [31-33]. The average Wal-Mart 
customer’s annual income is $35,000, which is below the national average [34, 35]. 
Dollar General also serves low income communities whose average household annual 
income is below $35,000 [31]. Approximately 80 percent of Dollar General customers 
earn below $25,000 a year [32]. David A. Perdue, Dollar General former chief executive 
describes Dollar General competitive relationship to Wal-Mart “We compete on price 
and convenience while Wal-Mart competes on price and assortment [33].”  
 
5.1. Data collection 
 
We use Wal-Mart and Dollar General stores in the state of Georgia to conduct our 
empirical study. As of December 2006, there are 118 Wal-Mart stores opened in Georgia. 
The number of Wal-Mart stores in the state of Georgia is large enough to provide a 
meaningful sample for our case study. In addition, Wal-Mart opened its first store in 
Georgia in 1981 and then gradually expanded its operation across the state. Currently, 
Wal-Mart operates in many geographical locations across the state and therefore, our 
sample represents a variety of markets in this state. Data for the Wal-Mart store location 
(its physical address as well as its latitude/longitude information) and the year store 
opened were acquired from the Wal-Mart corporation and the Wal-Mart store locator 
website [36]. In addition, the same data for Dollar General stores were acquired from the 
Dollar General corporation and the Dollar General store locator website [37]. As of 
December 2006, there are 347 Dollar General stores serving several markets across the 
state of Georgia, which provide a meaningful sample for our case study. 
We use a standard approach based on the concept of market mile [38, 39] to define the 
retail market around a Wal-Mart store. Market mile determines the maximum distance 
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that a customer must travel to reach a Wal-Mart store. We define a store’s market be a 
notional circle centered at the store’s location with radius of market mile (here 15 miles). 
We define a Wal-Mart store’s market competitive when there is at least one Dollar 
General store located in this notional circle and it is opened before the Wal-Mart store. 
On the other hand, we define a Wal-Mart store’s market noncompetitive when either 
there is no Dollar General located in this notional circle or there is a Dollar General 
located in this notional circle but it is opened later in time than the Wal-Mart store. 
Figure 7 shows competitive and noncompetitive Wal-Mart markets on the map of the 
state of Georgia. Out of 118 Wal-Mart stores in Georgia there are 60 stores located in 
competitive markets and 58 stores located in noncompetitive markets. Competitive and 
noncompetitive markets are shown by red and blue circles on the map, respectively. In 
our empirical study presented in the next section, we use Wal-Mart opening year data and 
market population at the opening time where population data were acquired from The 
ESRI  Community Sourcebook America [40]. 
 

 
Figure 7. Competitive and noncompetitive Wal-Mart retail markets in Georgia 

 
5.2. Data analysis  
 
We test two hypotheses in this paper to explore the competition effect on Wal-Mart entry 
decisions in Georgia. The first hypothesis is that Wal-Mart opens stores relatively later in 
competitive markets than noncompetitive markets. The second hypothesis is that Wal-
Mart opens stores in relatively higher market population area in competitive markets than 
noncompetitive markets. These hypotheses are based on our theoretical result regarding 
the competition impact on big retailers’ entry decisions in competitive markets that was 
discussed in section 3.1. We use market population as a proxy for the value of retail 
market potential (variable (X(t))) in our hypothesis testing.     

 18



Since our sample data do not support the assumption of the population normality we 
cannot use standard t-tests for comparing Wal-Mart’s behavior in competitive vs. 
noncompetitive markets. Instead, we use Wilcoxon rank-sum test [41, 42] for comparing 
our two variables of interest, opening years of Wal-Mart stores and opening-year market 
populations of Wal-Mart stores in competitive versus noncompetitive markets. The 
Wilcoxon rank-sum test is a nonparametric test to examine whether two sample data 
come from the same distribution. The null hypothesis in this test is that two sets of 
observations are independently sampled from an identical distribution. The alternative 
hypothesis in this one-sided test is that the first set of observations has the higher median 
value than the second set of observations. The results of our hypothesis testing are 
summarized, as follows.  

• The null hypothesis that ‘the years Wal-Mart opened stores in competitive 
markets and the years Wal-Mart opened stores in noncompetitive markets have 
the same medina’ is strongly rejected at 5% significance level with the very low 
p-value of (2.055e-12). The greater median of opening years of Wal-Mart stores 
in competitive markets compared to opening years of Wal-Mart stores in 
noncompetitive markets can also be observed in Figure 8 that shows the box-plot 
of opening years of Wal-Mart stores in these two market types.   

 

 
Figure 8. The box-plot of the opening years of Wal-Mart stores in competitive 

versus noncompetitive markets 
 

• The null hypothesis that ‘the market populations when Wal-Mart opened stores in 
competitive markets and the market populations when Wal-Mart opened stores in 
noncompetitive markets have the same median’ is rejected at 5% significance 
level with the p-value of (0.01997). The greater median of the opening-year 
market populations of Wal-Mart stores in competitive markets compared to the 
opening-year market populations of Wal-Mart stores in noncompetitive markets 
can also be observed in Figure 9 that shows the box-plot of the opening-year 
market populations of Wal-Mart stores in these two market types.  
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Figure 9. The box-plot of the opening-year market populations of Wal-Mart stores 

in competitive versus noncompetitive markets  
 
Therefore, Wal-Mart’s investment behavior is different in markets with Dollar General 
compared to markets without Dollar General. In practice, Wal-Mart follows the preferred 
strategy for big retailers where this strategy is to open stores relatively later and at higher 
market population in markets in which small retailers have already opened stores 
compared to markets in which small retailers have not yet opened stores.    
 
6. Conclusions 
 
In this paper, we describe a real option valuation approach that provides a means to 
determine the investment exercise time and market potential threshold. This options 
framework provides a strategic perspective in which retail stores are evaluated as flexible 
assets of a retail firm. Our option valuation approach considers retail management 
flexibility, the dynamic uncertainty of retail markets, and the competition effect within a 
comprehensive computational framework. Also, our theoretical model indicates that big 
retailers ought to invest relatively later and at higher market potential in markets with 
small retailers compared to markets without small retailers.  
We conducted an empirical study in the state of Georgia, which shows how in practice, 
Wal-Mart follows this preferred strategy of big retailers and opens stores relatively later 
and at higher population in markets with Dollar General compared to markets without 
Dollar General. However, to support this  strategy for general practice, our empirical 
study needs to be extended to other retail markets located in other states and similar case 
studies need to be conducted for other discount retailers to examine their investment 
behaviors under the competition effect. For instance, one may study the competition 
between retailers with similar cost structures such as Target and Wal-Mart or Dollar 
General and Family Dollar. 
Our option valuation approach is based on many assumptions that are used for 
simplifying the investment evaluation procedure. Relaxing any of these assumptions may 
provide opportunities for further research. In this paper, we use a simple demand 
function, which is exogenous to our investment analysis model to characterize the inverse 
relationship between price and quantity in retail markets. This model is based on an 
important assumption that retailers provide a product at the same price to retail markets. 
We also assume that customers only consider the price of a product at their decision of 
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choosing a retail store for shopping. Future research is needed to develop more 
appropriate demand models that describe the relationship between price, quantity, and 
service for the retail industry. Perhaps, works such as [43, 44] could provide a good start 
to understand the economics of retail firms.    
Last but not least, this paper is the first step to understand the dynamics of investments in 
retail markets. The conceptual framework and the evaluation procedure are general and 
can be adjusted and applied to investments opportunities in other services. The choice of 
the retail industry in this paper has been driven by the availability of data for a large 
number of decisions. Importantly, similar studies may be conducted in other service 
industries and compared with our analysis in the retail industry.  
 
Appendix A: The procedure to compute retailers’ expected NPVs in the duopoly 
market  
 
We describe a procedure to compute the expected NPVs of two retailers who 
simultaneously open stores in a dynamic, duopoly market whose potential {X(t); 
t∈[0,∞]} changes according to the GBM process of Equation (7). The initial value of this 
process is the value of (X) at the current node, which is denoted by (Xc) in this section. 
We use the trinomial lattice model to approximate the dynamic uncertainty of this retail 
market in a discrete fashion. In this section, we build a trinomial lattice with 10,000 time 
steps (N’ = 10,000 months) to approximate the infinite time horizon of retailers’ 
investments. This lattice is used as a basis for discounting future uncertain cash flows to 
compute retailers’ expected NPVs.  
Retailer 1’s and retailer 2’s free cash flows are equal to retailer 1’s and retailer 2’s 
optimal profits – that will be calculated according to Equation (6) – and then, multiplied 
by the time increment (∆t). This calculation must be done for any intermediate node 
(nodes in time steps 1 to (N’-1) on the lattice) corresponding to the value of (X) at that 
node. For the nodes in the last time step (time step (N’)) retailer 1’s and retailer 2’s free 
cash flows are calculated based on the assumption that the value of (X) remains constant 
for ever after the last time step. Hence, retailer 1’s and retailer 2’s terminating value 
(denoted by (TV1D) and (FV2D), respectively) are computed according to the following 
integral in Equation (A1).  

2 1,i)(0 =Π= ∫
∞ − τdeτTV ρτD

i
D

i                   (A1) 
We substitute retailers’ optimal profits from Equation (6) in this integral and complete 
the calculation. Retailer 1’s and retailer 2’s terminating values are summarized in 
Equation (A2), as follows.  
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            (A2) 
Retailers’ free cash flows and terminating values are discounted back to the initial time 
step in order to calculate retailers’ expected NPV at the current node. This procedure is 
summarized in the following algorithm.  
1. Take the input values for the model parameters: ((VC1), (FC1), (IC1), (VC2), (FC2), 
(IC2), (ρ), (Xc), (γ), (α), (σ), (Δt = 0.125 Year), and (N’ = 10,000)) 
2. Compute (p1, p2, and p3) and (u and d) based on Equations (12) and (13), respectively 
3. Construct a trinomial lattice with (N’) time steps of the length (Δt) to represent the 
stochastic variation of (X) considering the values of (p1, p2, and p3) and (u and d).  
4. Set the current time step as the last time step: time step (N’) 
5. For every node in the current time step:  

5.1. Calculate retailer 1’s and retailer 2’s free cash flows 
5.2. If the current time step is the last time step (time step (N’)) use retailer 1’s 
and retailer 2’s cash flows as retailer 1’s and retailer 2’s total cash flows  
5.3. If the current time step is not the last time step compute retailer 1’s and 
retailer 2’s total cash flows by adding retailer 1’s and retailer 2’s cash flows at the 
current node to the expected retailer 1’s and retailer 2’s total cash flows in the 
next time step that are discounted back for one time step  

6. Move back in the lattice to the time step before the current time step. Set the current 
time step to this new time step and repeat step (5) until the process reaches the first time 
step 
7. Return retailer 1’s and retailer 2’s total cash flows in the only node at the first time step 
as retailer 1’s and retailer 2’s expected NPVs   
 
Appendix B: The procedure to compute a retailer’s expected NPV in the monopoly 
market  
 
We describe a procedure to compute the expected NPV of a retailer who opens a store in 
a dynamic, monopoly market whose potential {X(t); t∈[0,∞]} changes according to the 
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GBM process of Equation (7). The initial value of this process is the value of (X) at the 
current node, which is denoted by (Xc) in this section. The procedure will be very similar 
to the evaluation process described in Appendix A. The only difference is that we should 
use the retailer’s optimal profit in the monopoly market according to Equation (5) in the 
calculation of the retailer’s free cash flow. Further, the retailer’s terminating value 
(denoted by (TVM)) is computed according to the following integral in Equation (B1).  
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Appendix C: The procedure to compute retailers’ expected NPVs when retailers 
decide to defer their investment opportunities  
 
If the current node is in any intermediate time steps (any time step between 1 and (N-1)) 
retailer 1’s and retailer 2’s expected NPVs are equal to retailer 1’s and retailer 2’s 
expected investment values at the stable state of the market (the Nash equilibrium of the 
market) in the next time step that are discounted back for one time increment. If the 
current node is in the last time step retailer 1’s and retailer 2’s expected NPVs are equal 
to zero.  
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