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Customer Portfolio Management in E-Commerce 
- An Analytical Model for Optimization - 

 
Abstract 
Purpose: In this contribution, we present a model that retailers engaged in e-commerce (e-tailers) 
can use for determining the optimal mix of customer segments within a customer portfolio from 
an integrated risk and return perspective.  
 
Methodology/approach: Portfolio Selection Theory of Markowitz is applied to find the optimal 
composition of customer portfolios. The model is developed and discussed for two customer 
segments (relationship- and transaction-oriented customers) and exemplarily applied to a data set 
of an e-tailer.  
 
Findings: Portfolio Selection Theory of Markowitz is well-suited and promising for determining 
an optimal customer portfolio from a risk-return perspective. However, since customers vary 
from financial assets in several aspects, the results of the model have to be interpreted 
conscientiously and the resulting action options have to be interpreted within the context of 
customer relationship management (CRM).  
 
Research limitations/implications: The model proposes to carry out a sequential set of one-
period optimizations. To reduce complexity, several simplifying assumptions were made within 
the model regarding the characteristics of customer segments and portfolio as well as the 
expected risk and return.  
 
Practical implications: A current survey among German companies indicates that companies 
already have broad experiences in customer evaluation. However, it also turned out that 
evaluating customers’ potential and risk simultaneously is still a major challenge. Our new 
approach facilitates the making of sound investment decisions into single customer relationships 
with respect to an overall optimal customer portfolio. Thus, a formal link to value-based 
management is established.  
 
Originality/value of paper: Using CRM for a value-based management of customer portfolio 
according to a superordinated risk management objective has so far received little attention in 
literature. Our model is a new approach in customer portfolio management for e-tailers taking 
customers’ risk and return characteristics simultaneously and in real-time into consideration. 
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Introduction 

Customers are often seen as the basis of a company’s profitability (Gupta et al., 2004; Hogan 

et al., 2002; Rappaport, 1998; Wayland and Cole, 1994). This has led to a customer-centric view 

in marketing theory as well as in practice. The efficient allocation of limited resources to 

maximize value requires focusing on relationship-oriented customers and strong, long-lasting 

customer retention (Rust et al., 2005). However, empirical findings regarding acquisition and 

retention strategies are mixed. Marketing research suggests that acquiring a new customer is 

more expensive than retaining an existing one (Bitran and Mondschein, 1997) and focusing on 

current customers is the right strategy, especially on those that provide a positive lifetime 

profitability relationship (Morgan and Hunt, 1994; Palmer, 1995; Reichheld and Sasser, 1990; 

Reichheld and Teal, 1996; Sheth and Parvatiyar, 1995). However, some simple lifetime-

profitability relationships can be doubted (Dowling and Uncles, 1997) and a different treatment 

of customers with adjusted marketing tools is advisable (Ganesan, 1994; Garbarino and Johnson, 

1999). There is evidence that transaction-oriented customers, not interested in a loyal 

relationship, also can form a profitable segment which should not be neglected (Reinartz and 

Kumar, 2000).  An important managerial decision is determining the right strategic balance 

between acquisition and retention efforts as well as add-on selling (Blattberg et al., 2001). Hence, 

the issue regarding the optimal mix of customer segments (e.g. transaction- and relationship-

oriented customers) within a customer portfolio, while taking risk into consideration, is the focus 

of this study. 

In this study we concentrate on e-tailers, i.e. retailers using customer relationship 

management (CRM) systems and establishing electronic communication channels to their 

customers. Current surveys show, at least for Germany, both CRM systems and electronic 



communication channels are established by a vast majority of retailers (Sackmann and Strüker, 

2005; Sackmann et al., 2007). The combination of both allows e-tailers to realize an individual, 

dedicated and customer-oriented CRM strategy. This situation enables e-tailers to automatically 

adapt the interaction with customers to their individual preferences and the relevant context 

(Bucklin et al., 2002; Rust and Chung, 2006), e.g. by running recommender systems. Current 

technological developments in the field of mobile and so-called ubiquitous computing (Weiser, 

1991) also extend these opportunities from Internet to the “real” world and also offer new forms 

of individual interaction for stationary retail (Lyytinen and Yoo, 2002; Strüker and Sackmann, 

2004). Therefore, to take full advantage of these new opportunities with regard to the support of 

e-tailers in their customer selection and investment decisions, a model-based approach for 

framing concrete customer interactions is required. 

In our contribution, we present such a model to determine the optimal configuration of a 

customer portfolio and discuss possible management action options. We illustrate the model 

using an example of two customer segments: relationship- and transaction-oriented customers. 

Relationship-oriented customers are customers that purchase several times, not necessarily 

regularly, over a longer period of time, whereas transaction-oriented customers are assumed to 

buy just after a successful acquisition but then cease buying.2 To define the optimal customer 

mix from a value-oriented perspective, transferring and applying Portfolio Selection Theory of 

Markowitz (1959) is proposed.  

                                                 
2  Transaction-oriented customers are treated in our model as new ones if they repurchase at a later date. This 

modality is comparable to a “lost-for-good” situation underlying retention models (Berger and Nasr, 1998; 
Dwyer, 1997; Gupta and Lehmann, 2003). In practice, most companies will have to define the terms 
“relationship-oriented“ and “transaction-oriented” in the context of their business environment and their specific 
customer clienteles. For the later presented application of our model, these two segments are analytically 
separated by using the Pareto/NBD-Model from (Schmittlein et al., 1987). 



The next section provides an overview of recent research in CRM with regard to customer 

portfolio management. Subsequently, our static customer portfolio model is presented and action 

options to reach the optimal customer portfolio are discussed. The applicability of the model is 

shown using a data set of an e-tailer. Finally, the static model is extended to a dynamic view and 

the contribution closes with a short summary of the findings and an outlook on further research. 

 

CRM and portfolio theory 

One basic condition for CRM is the ability to estimate a customer’s value in order to enable 

an objective evaluation of investment alternatives. This condition is of special importance for 

companies whose main asset are customers (Rust and Chung, 2006; Wiesel et al., 2008) or – 

more generally – for the  B2C sector. An often used valuation concept that is compatible with the 

principle of shareholder value is Customer Lifetime Value (CLV) (Bell et al., 2002; Berger et al., 

2002; Berger et al., 2006; Gupta and Zeithaml, 2006; Kumar et al., 2002; Kumar et al., 2006). 

Typically, CLV is calculated as the sum of expected cash flows based on potential future 

transactions. This quantitative concept is a relatively recent practice (Rudolf-Sipötz, 2001) due to 

initial lack of practicable application (Srivastava et al., 1997). In recent years, however, 

permanent increasing processing power and storage capability, improved software, widespread 

standardization, as well as integration of information systems make it easier to implement such 

concepts. A survey in the summer 2007 among 292 German companies showed that 76% of the 

respondents already evaluate their customers, though only one third use quantitative approaches 

like CLV (Sackmann et al., 2007). Since CLV is characterized by a prospective calculation of 

customer values, deterministic approaches with assumed certain predicted cash flows seem fairly 

unrealistic and unsuitable (Kumar et al., 2004). Thus, it is necessary to incorporate risks 



associated with a customer relationship into this evaluation, e.g. by using the deviation from 

expected cash flows (Kotler, 1972).3 

Traditional customer valuation concepts concentrate on assessing individual customers 

(Hogan et al., 2003). However, from the viewpoint of a company with not just one or very few 

customers, it is not adequate to evaluate customers one by one and consequently decide on 

acquisition and retention strategies. It is not (only) the risk associated with a single customer 

relation, but the risk contribution of each customer to the whole customer portfolio, which 

should be taken into account in a customer portfolio valuation (Gupta and Zeithaml, 2006; Ryals, 

2003; Ryals et al., 2007). This consideration especially holds true if a shareholder value 

approach is pursued.  

For reasons of simplification and the ability to better predict individual customer behavior as 

well as strategic target group considerations, customers are often grouped into segments that can 

be addressed by specific marketing campaigns. These segments may be grouped together by 

customers exhibiting similar buying behavior (Wedel and Kamakura, 2000). Segmentation 

essentially shows that portfolio models, on a conceptual level, have long been proposed.  For 

example they may be visualized on two dimensions: an internal factor, e.g. competitiveness in 

the market, and an external factor, e.g. customer attractiveness (Campbell and Cunningham, 

1983). Other more analytical portfolio concepts focused generally on the maximization of profits 

(Larreche and Srinivasan, 1981) or CLV (Lemon et al., 2001). In these concepts, portfolio effects 

                                                 
3  Using standard deviation as proxy for risk is widely spread and also applied in our optimization model. E.g. 

(Ryals et al., 2007) discuss and use this approach in the context of marketing portfolio decisions as well as (Buhl 
and Heinrich, 2008) do for valuating customer portfolios. In addition, this approach can often be found in finance 
to reflect the risk of an asset, e.g. in Markowitz’ Portfolio Selection Theory. Under the assumption of a symmetric 
distribution the result also will not change for considering up- and downward risk or only one component. For a 
detailed discussion about using standard deviations as risk representative, see (Ryals et al., 2007).  



in terms of risk diversification – just like in a portfolio of financial assets – are not addressed but 

should be taken into account (Ang and Taylor, 2005, Dhar and Glazer, 2003, Fiocca, 1982, 

Rajagopal and Sanchez, 2005). Interestingly, there are only a few contributions on this issue 

(Ryals et al., 2007 being a current exception).  

 

Evaluating customer values and risks simultaneously 

CLV has been established as an approach that enables customer investment quantification by 

incorporating prospective cash flows and risk (Fader et al., 2005b; Kumar et al., 2006; 

Venkatesan and Kumar, 2004; Venkatesan et al., 2007).  CLV calculations are often performed 

by considering risk as an average discount on cash flows or an average premium on the used 

discount rate. However, the consideration of risk in these approaches conflicts with the aim of 

incorporating the risk contribution of a single customer to the overall customer portfolio. In 

theory, concepts were developed that incorporate risks either by a consideration in the numerator 

or in the denominator of the CLV calculation  (Berger and Nasr, 1998; Dwyer, 1997; Gupta and 

Lehmann, 2003; Hogan et al.; 2002; Copeland et al., 2005; Dhar and Glazer, 2003; Gupta et al., 

2004; Hogan et al., 2002; Hopkinson and Lum, 2002; Ryals, 2001, Ryals, 2003). 

Retention and migration models – each developed for different industry settings – intend to 

incorporate a customer-specific repurchase probability. These models typically consider 

churning or migration risks (Berger and Nasr, 1998; Dwyer, 1997; Gupta and Lehmann, 2003).  

In retention models, a “lost-for-good” situation is assumed, where customers not buying in each 

period are seen as lost customers. When repurchasing at a later date, they are treated as new 

customers. Migration models assume an “always-a-share” situation, where customers always 

satisfy their needs in a specific area, say fast-food, by using several different companies, e.g. 



McDonald’s, Burger King, Subway in each period. Since both models focus only on the 

churning risk – which is just one risk factor that should be considered – none of these models 

seem adequate to incorporate all relevant customer risks in a portfolio context.  

Another approach is based on capital market theory and the Capital Asset Pricing Model 

(CAPM) which defines the Weighted Average Cost of Capital (WACC) as minimum rate of 

return (Copeland et al., 2005; Dhar and Glazer, 2003; Gupta et al., 2004; Hogan et al., 2002; 

Hopkinson and Lum, 2002; Ryals, 2001, Ryals, 2003). Here, the net present value (NPV) of a 

customer segment is given by the expected cash flows discounted with the segment-specific, 

risk-adjusted WACC. CAPM only considers systematic risks, whereby it is assumed that 

unsystematic risk can be neglected due to perfect diversification.  Defining a market portfolio 

with respect to customers is quite a challenging task. The “market portfolio” in a CRM context is 

often defined as the company’s current customer base (Ryals, 2001; Ryals, 2003; Dhar and 

Glazer, 2003). In our view, this is inadequate if a decision about changing the portfolio weights 

of different segments is to be taken within a growth strategy of the company. Another 

shortcoming of the CAPM is the assumption of homogeneous expectations of all investors; e.g. 

for the underlying segment specific risk rate (Hogan et al., 2002). This assumption is crucial for 

the existence of the market portfolio and the equilibrium on capital markets (Copeland et al., 

2005). 

Customers generating risky cash flows share characteristics with other business assets (Hogan 

et al., 2002; Ryals, 2003).  Similar to financial assets, these customers provide an expected return, 

whereby some of them provide a larger but potentially more unsteady cash flow in comparison to 

others (Ford et al., 2003). However, compared to financial assets, customer relationships are 

more difficult to measure and to manage. There is no liquid market where they could be “traded” 



and customers contain individual risks and might suddenly decide to terminate a non-contractual 

relationship with a company. These issues have to be taken into account when trying to develop 

a model for customer portfolio optimization, something that has been neglected by marketing 

managers (Ryals, 2003). Markowitz’ Portfolio Selection Theory seems well-suited for this 

application since it does not make too restricting assumptions about the market and its 

participants, as CAPM does with  segment specific risk rate or  retention and migration models 

do with restrictive market assumptions. Some have argued that applying Markowitz’ theory in a 

non-financial context has some difficulties (Cardozo and Smith, 1983; Cardozo and Smith, 1985; 

Devinney et al., 1985). Others (Gupta and Zeithaml, 2006) and (Ryals et al., 2007) show that 

Portfolio Selection Theory can be transferred to customer sectors with a few modifications.4 

In practice, beside an optimization of the overall customer portfolio a company’s objective 

should also be the efficient management of individual customer relationships (Reinartz and 

Kumar, 2000). Ideally, these two issues should be simultaneously optimized. Since much 

research has focused on the latter issue, we will concentrate on the optimization of the overall 

customer portfolio.  

We use CLV as measurement of customer values in our optimization model for three reasons: 

First, the model should be kept simple in order to focus on the optimization issue. Second, 

companies focus increasingly more on quantitative approaches like CLV to evaluate their 

customers (Sackmann et. al., 2007). Third, since the proposed model is independent of the 

concrete method to calculate CLV, the chosen method does not affect its application. For 

                                                 
4  A detailed discussion about the transferability of Markowitz’ Portfolio Selection Theory to the customer portfolio 

of an e-tailer can be found in (Ryals et al., 2007) and (Kundisch et al., 2008a). 



identifying efficient customer (segment) combinations, we propose application of Markowitz’ 

Portfolio Selection Theory. 

 

Portfolio optimization – a static view 

We begin our optimization model with a simple segmentation approach distinguishing loyal, 

relationship-oriented customers, and transaction-oriented customers, customers who purchase 

from but are not committed to a company.5  For the optimization, the parameters expected return 

per capita of segments and risk of segments (risk-return characteristic) of all efficient portfolio 

alternatives have to be derived. An efficient frontier which shows all efficient portfolio 

combinations as depicted in Figure 1, can then be calculated. Based on this calculation, the 

optimal portfolio according to the risk preferences of the company can be determined. 

Generally, in Markowitz’ Portfolio Selection Theory, the decision-maker has to choose 

between portfolios with higher expected return accompanied by higher variance and portfolios 

with lower expected return and variance. A rational decision maker will only select a portfolio 

which meets the following conditions and is therefore referred to as efficient (Markowitz, 1959): 

 The considered portfolio is a feasible portfolio, i.e. all portfolio weights are part of the 

feasible interval [0, 1] and the portfolio shares sum up to one. 

 If any feasible portfolio has a greater expected return, it must also have a greater variance of 

return than the considered portfolio. 

                                                 
5  To keep the first approach of our model simple, we use a segmentation approach with only two customer groups. 

Within these segments, there may be several sub-segments that may still vary depending on relevant parameters 
(e.g. value of purchase). In analogy to Markowitz’ Portfolio Selection Theory, the proposed model may be easily 
expanded to cope with more than two segments. 



 If any feasible portfolio has a smaller variance of return, it must also have a smaller expected 

return than the considered portfolio. 

In financial markets the efficient frontier in a no-short-sales setting with a sufficient low 

correlation between segments corresponds to a concave curve in a risk-return diagram starting at 

the minimum-variance portfolio (MVP) and ending at the asset with the highest return (see bold 

line on the left hand side of Figure 1). Here higher risk is generally associated with a higher 

return. Obviously, this need not be true if the “assets” are customers. However, even though the 

individual asset R on the left hand side of Figure 1 dominates asset S’, i.e. R offers a higher 

return for less risk due to a sufficiently small correlation, it can turn out that a mixture of these 

two assets is still superior. All possible mixtures of the two customer segments within the 

customer portfolio lie on the line that connects R and S. To calculate an optimum, it is necessary 

to take the e-tailer’s risk preferences into consideration to find the single optimal point on the 

efficient frontier (Ryals et al., 2007). To represent risk preferences and define the optimum, iso 

utility curves (IUC) are used (see dotted line on the right hand side of Figure 1). Since all points 

of the efficient frontier are efficient, the optimal share of customer segments6 can be found at 

that point where the e-tailer’s IUC is tangent to the efficient frontier. If the correlation between 

the segments is sufficiently high and the segment with the higher return carries sufficiently lower 

risk compared to the other segment, the efficient frontier is just the point R.7 

 

 

                                                 
6  Finally, we may check if the utility per capita of the optimal portfolio covers the average NPV of direct and 

indirect fixed costs per capita. (Buhl and Heinrich, 2008) suggest a heuristic to account for these costs already 
within the optimization. 

7  For a more formal discussion on the proposed model, see (Kundisch et al., 2008b). 



 

 

 
 
 
 
 
 
 

 

 

 

 

 

 
 

Figure 1. Efficient frontier with two customer segments 

 
Action options for e-tailers 

Once the position of the current customer portfolio, the efficient frontier, and the IUC of the 

decision-maker are determined, whether a company has reached the optimal mix of the two 

customer segments can also be determined. There are basically three action options for e-tailers 

that can be pursued to reach the modeled optimum (see Figure 2)8: 

                                                 
8  In the context of an e-tailer, these have to be chosen automatically since an e-tailer usually serves thousands or 

even millions of customers (e.g. amazon.com has far above 50 million retail customers). Just by the sheer number 
of interactions of these customers and also interested parties with the e-tailer, there is no time for human 
intervention when deciding on targeted marketing actions. Customers are somewhat impatient and download 
speed has been identified as key criteria for online interactions (Pearson et al., 2007). Thus, an adequate selection 
and combination of the following action options should be applied subject to the condition of an efficient balance 
between the measures (Blattberg et al., 2001) 

E
(C

LV
) 

Std. dev. (CLV) 

S 

R 

S’ 

MVP’ 

E
(C

LV
) 

Std. dev. (CLV) 

S 

R 

MVP MVP 

EF EF’ 
EF 

Optimal portfolio

IUC 

 
E(CLV) Expected CLV of customer segment 
Std. dev. Standard deviation of CLV 
R Relationship-oriented customer segment 
S Transaction-oriented customer segment 
MVP Minimum-variance portfolio 
EF Efficient frontier 
IUC Iso utility curve 



 

E(
C

LV
) 

Std. dev. (CLV) 

S 

MVP 

R 
1 

2 

3 

Figure 2. Action options 

1. If the risk-return characteristic of R and S and thus the distributions within the customer 

segments will not change, the position on the efficient frontier can be altered by specific 

acquisition efforts in the next period (i.e. changing the segments’ weights, see point 1 in 

Figure 2). E-tailers may use their personalization efforts and targeted marketing campaigns 

to attract customers of the segment where they have a shortage. This action would result in 

a movement on the efficiency frontier towards the identified optimum. Generally, existing 

customers cannot be “sold” on the market and – at least for reasons of image – should not 

be got rid of in any other way. Therefore, it may occur that the overall customer portfolio 

can only be adapted to the actual risk preferences gradually over time, since budget 

restrictions will not allow the acquisition of an arbitrary amount of customers of one 

specific segment. 

2. Investments in customer relationships, loyalty programs and further measures can be used 

in order to increase the expected CLV per capita of segment R and/or decrease its risks.9 In 

general, there will be a difference between the expected CLV after the acquisition of a 

(potentially) loyal customer and the full CLV potential of this customer. As long as it is 

                                                 
9  Not all investments in customer relationship will increase CLV. Moreover, the suggested measures which are 

supposed to directly increase CLV, can entail new risks. 



economical, this potential should be realized. Doing so will change the risk-return 

characteristics of R and S as well as the distribution within the affected segment and moves 

the point R in Figure 2 upwards (increase in return) and potentially also to the left (decrease 

in risk). In contrast to the first action option, this alters the efficient frontier. Hence, in a 

further iteration step, a new optimal position on the efficient frontier can be determined. 

This result constitutes a major difference between financial markets and the “market of 

customers”: while the return and volatility estimations of financial assets are an exogenous 

input to the Markowitz model, CLV and customer risks, measured as CLVs standard 

deviation, are far from being given (Cardozo and Smith, 1985; Devinney et al., 1985). In 

contrast, these are the parameters that companies are trying hard to improve (Ryals et al., 

2007). A significant body of literature specifically deals with models to improve the 

accuracy of CLV forecasts as well as with measures to increase it and to lower the risk, e.g., 

of churning. Suggested measures include: 

 Loyalty programs or customer clubs: e.g. frequent flyer programs. 

 Service-related measures: e.g. preferred service for existing customers or 

complaint management. 

 Price-related measures: e.g. discounts or kick-back payments. 

 Product-related measures: e.g. data mining to determine the next product to 

buy (Knott et al., 2002). 

 Communication-related measures: e.g. apologies, explanations, additional 

information, arguments of benefits (Scullin et al., 2004). 



For e-tailers, the Internet offers possibilities to combine these more traditional marketing 

instruments (product, price, place, promotion) with precision, payment, personalization, 

and push and pull (Chen, 2006; Eid and Trueman, 2002). 

3. Transaction-oriented customers may be turned into loyal customers increasing the share of 

segment R and decreasing the relative weight of segment S (see point 3 in Figure 2).10 

Transaction-oriented customers were – for the sake of simplicity – defined as those leaving 

the company after a purchase in the period of the acquisition. However, in practice this 

need not be true. Moreover, there may be customers that just have to be activated somehow 

in order to become loyal customers. In this case, the efficient frontier does not change, but 

the position on the frontier is altered. Measures to achieve such a switch between segments 

include the same as those named above for the increase of CLV. 

These options are not mutually exclusive but could be simultaneously considered and 

optimized. Successful CRM integrates these (at least) three aspects in order to generate an 

optimal investment or marketing plan. 

 

Exemplary study: optimizing the customer portfolio of “CDNow” 

For a better clarification of the model and as a first “applicability check” (Rosemann and 

Vessey 2008), the optimization was computed by using an exemplary data set from the e-tailer 

CDNow (see Table 1).  

                                                 
10  Apparently, action option 3 represents a combination of option 1 and 2. For reasons of separating the 

treatment of customers that are already known to the company (action option 3) from customers that still have to 
be acquired (action option 1), we distinguish them in our discussion. Moreover, the tools mentioned in action 
option 2 can be used differently according to the information status that is available about the customers. 



 

Company CDNow  
(since 2001 the brand is owned by amazon.com) 

Founded February 1994 
Website www.cdnow.com (forwarding to amazon.com) 
Business model Online retailer in the B2C music sector 
Link to data set http://brucehardie.com/notes/004/ 
Survey period in weeks 39 (in 1997) 
Number of observed customers  2,357 
Min. / max. # of purchases per customer 1 / 29 
Customers that bought once 1,411 
Customers that bought more than once 946 
Sold products CDs 
Purchase information in data set Only first and last purchase dates as well as the 

total number of purchases per customer are 
recorded; the volume of a purchase is not 
reported 

Exemplary publications that also use the 
“CDNow” data set 

Fader and Hardie, 2001 
Fader et al., 2005a 
Fader et al., 2005b 
Kundisch et al., 2008a 
Kundisch et al., 2008b 

Table 1. Data set “CDNow” 

 

The customer portfolio is evaluated and optimized in three steps. The starting point is the 

customer segmentation which has been realized by applying the Pareto/NBD-Model (Schmittlein 

et al., 1987). This model generates a so-called P(alive)-probability per customer revealing 

whether a customer is still active (relationship-oriented) or not (transaction-oriented). After 

calculating P(alive) ∈  [0,1] for every customer, the cut-off value c has to be defined. This cut-

off value separates the two customer segments (Kundisch et al., 2008b). Due to a sharp kink in 

the curve of the P(alive)-values, c is set to 0.21 resulting in a CDNow customer portfolio that 

contains 30% relationship-oriented and 70% transaction-oriented customers (see Table 2). 

 



 
 

Number of 
customers 

(percentage) 

Average 
segment 
CLVs

Standard 
deviation of 

segment CLVs 
Relationship-oriented 
customers (segment R) 

698 
(30%) 

3.8 2.8 

Transaction-oriented 
customers (segment S) 

1659 
(70%) 

1.3 1.1 

Table 2. Characteristics of CDNow customer segments 

 
Subsequently, in the second step, the customer segments are evaluated based on the segments’ 

CLVs and – following (Kotler, 1971) – their respective standard deviations is used as proxy for 

risk. The base for the average per capita CLV per segment is the individual CLV of the 

customers within the relevant segment. To calculate the individual CLV and to get the NPV, it is 

necessary to know the exact purchasing dates of each customer so that the values can be 

discounted. Unfortunately, only the dates of the first and the last purchase were included in the 

data set of CDNow (see Table 1). Therefore, the purchasing dates are determined randomly 

assuming an equal distribution of the purchasing dates between the first and last purchase date. 

An average cash flow per purchase has also been defined and was normalized to 1. This enables 

a simple calculation of the customer- and segment-specific CLVs by summing up the number of 

purchases and discounting these with an assumed risk-free interest rate of 1% per quarter (for the 

segment results see Table 2).  

Finally, in the third step, the efficient frontier is calculated. Since the information provided in 

the data set did not allow for valid estimations of the correlation between the segments, three 

possible efficient frontiers are modeled with a correlation coefficient p=0 (assuming stochastic 

independence), p=0.5 (assuming a positive correlation), p=1 (assuming a perfect positive 



correlation) (see Figure 3).11 The current segment of relationship-oriented customers R generates 

an average CLV of 3.8 and a standard deviation of 2.8 compared to an average CLV of 1.3 and a 

standard deviation of 1.1 in the transaction-oriented segment S. Thus, comparable to financial 

assets, higher return goes hand in hand with higher risk in this example. The triangles in Figure 3 

mark the position of the CDNow customer portfolio. With the present mix, CDNow can expect 

an average CLV per capita of 2.0, whereby the risk depends on the assumed interdependence of 

the two segments. The optimal customer portfolio will be found where the company’s IUC is 

tangent to the efficient frontier. 

Figure 3. Alternative efficient frontiers for CDNow data set 

 
Assuming independence of the two segments (p=0), the minimum-variance portfolio (MVP) 

is characterized by a CLV of 1.6 and a standard deviation of 1.0. In this situation, 86% of the 

customers would be transaction-oriented and 14% relationship-oriented. Thus, even extremely 

risk-averse decision-makers would choose a portfolio consisting of both segments. The used 

                                                 
11 Ex post data is analyzed here, whereby an optimization should take place beforehand. However, analyzing past 

data will often be useful and sometimes the only source for obtaining these estimations. 
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segmentation approach applying the Pareto/NBD model results in a current portfolio of 70% 

transaction-oriented and 30% relationship-oriented customers (see Table 2). Hence, if the 

portfolio construction was a deliberately managed process at CDNow, this would imply a less 

risk-averse management. Otherwise, the result may suggest that CDNow should have rethought 

their customer acquisition and retention strategy for the future. 

 

Portfolio optimization – a dynamic view 

Of course, a one period optimization is not appropriate for businesses that operate under a 

permanently changing market environment, which is particularly true of industries that are 

heavily involved in e-commerce. To cope with this situation, we suggest an ongoing dynamic 

view by a simple extension of the presented model: the iterative application after each period. 

This changes the optimization process in two aspects: 

 The parameter estimations may be adapted to the actual behavior. Thus, it should be possible 

to reach more accurate estimations. 

 Since relationship-oriented customers stay with the e-tailer for several periods, these loyal 

customers do not have to be acquired again. Their expected CLV will change due to the 

acquisition costs being regarded as sunk costs and because of increasing overall relationship 

duration (Reichheld et al., 1990). 

The last issue is depicted in Figure 4. 
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Figure 4. Periodical CLV calculation for relationship-oriented customer (segment) 

 
However, not only the parameter estimations have to be altered in this optimization process 

over time. Obviously, existing relationship-oriented customers are not a decision variable since it 

is not a question of whether they should be acquired or not. They are providing future cash flows 

which are (still) risky and which will deviate from cash flow estimations for new acquired 

customers contributing to the overall return and risk position of the e-tailer. Thus these 

customers form another constraint in the optimization process (see Figure 5). After each period, 

the segment R (relationship-oriented customers) tends to move to the upper left in the risk-return 

diagram (dotted arrow in the diagram to the right). 
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Figure 5. Optimization over time 

 



The parameters for already acquired segments of relationship-oriented customers in each 

period can be determined prior to a new optimization process. Since these parameters are an 

exogenous input to the optimization model, they may also be merged to form just one segment of 

existing relationship-oriented customers as a constraint for the optimization. Further, the MVP 

will also move up and to the left in each period and thus the efficient frontier and also the 

optimal portfolio may change from period to period. Consequently, a higher utility level may be 

realized.  

The shift is due to the acquisition of new customers after each period while relationship-

oriented customers from previous periods stay with the e-tailer. Hence, the e-tailer is growing. 

However, if management is at least slightly risk averse, sooner or later a state of saturation is 

reached.  If the portfolio of existing customers is comparably large in relation to the amount of 

money that may be invested to acquire a small number of new customers, it may become 

perfectly rational to focus exclusively on transaction-oriented customers in order to realize an 

optimal risk diversification effect.12 The higher the risk aversion of management, the sooner such 

a “steady state” will be reached. 

 

Model framework and limitations 

Customer portfolio management is an ongoing process. Acquisition efforts and measures to 

increase loyalty have to be adapted and adjusted in each period for every single customer and 

must be adapted to an efficient balance (Blattberg et al., 2001). This makes a permanent 

evaluation, storage and processing of customer data necessary, which can be supported by 

                                                 
12 It is assumed though that the correlation between newly acquired and existing customers equals 1. 



modern CRM systems. Our model enables e-tailers to determine the optimal mix of customer 

segments within a customer portfolio under a risk-return perspective and provides decision 

support to objectify investments in customers. Nevertheless, the presented model includes some 

assumptions to reduce complexity of “real world” customer evaluation and portfolio 

management, which limit the scope and applicability of the model results.13 In our contribution, 

it is assumed that all customers contained in an e-tailer’s customer portfolio can be grouped 

together by their purchase characteristics into relationship- and transaction-oriented customers, 

e.g. by using the Pareto/NBD-Model (Schmittlein et al., 1987). The limitation of only two 

customer types can easily be broken down by introducing several new segments, enabling a more 

detailed customer classification. Here, as parameters for customer segmentation only the 

individually expected returns and risks (systematic and unsystematic risks) are used, measured as 

variance to the segments’ average CLV. Following empirical data from an online survey 

amongst German companies, there is evidence that evaluating customers’ risks in particular is 

still a challenge (Sackmann et al., 2007) and introducing other customer variables in the model 

can help to get a more realistic view.  

Further, it is assumed that the risk-averse decision-maker aims to maximize the utility per 

capita of the portfolio segments and has possibilities to drive the portfolio structure to the 

optimum. Therefore, three advisable action options were given in this contribution: 1) changing 

the customer segments weights, 2) influencing the customers’ risk-return characteristics and 3) 

transferring transaction-oriented customers to relationship-oriented ones. 

                                                 
13 For a comprehensive description, see (Kundisch et al., 2008a). 



However, there are further limitations in the basic mode that should be mentioned. Firstly, by 

acquiring customers, whereby the e-tailer is seen as comparably small enough so that there will 

never be a shortage of acquirable customers. So we imply that with targeted marketing efforts, it 

is possible to acquire the “right” customer for the segment the e-tailer has a shortage in. 

Secondly, the model may issue a recommendation for zero investment in a particular segment, 

which might be unacceptable for a company’s internal policy or for ethical reasons (Ryals et al., 

2007). Thirdly, we assume that the expected CLV per capita can be increased by introducing 

loyalty programs or further measures. And fourthly, transaction-oriented customers can be turned 

into relationship-oriented ones, e.g. by reactivation.  

We assume that – in contrast to financial assets – the risk-return characteristics of customers 

can be influenced relatively easily. This may be easier for e-tailers compared to traditional retail 

outlets, since supported by IT, much more data about (potential) customers is available and can 

be processed as well as individualization and personalization is achievable at acceptable costs on 

the Internet. These opportunities at the same time mean a burden since it might also lead to an 

optimization with changing efficient frontier. This change implies an optimization with “moving 

targets”, e.g. with another risk situation after every new customer or transaction and can be seen 

as a further limitation. In spite of technological development, there is still a long way to go until 

such targeted-oriented and successful marketing campaigns are in place. Although the 

application of the model is independent of the method used to calculate CLV, the actual results 

of the optimization may vary depending on the chosen method. 

We perform a one-period optimization in the static view and a sequential set of one-period 

optimizations in the dynamic view, always taking the results of the previous optimization into 

account. Whether this will lead to an overall maximum is not assured. Nevertheless, the dynamic 



model is a first step in the direction to more realistic assumptions. Another limitation lies in the 

ability of current data-warehousing and -mining techniques. Despite the fact that these are 

already very powerful, the parameter estimation remains an ambitious challenge, particularly 

with regard to the correlation coefficient. 

 

Conclusion and Outlook 

After years of proposing a focus on turning customers into loyal customers, it seems that in 

the last couple of years a more differentiated view has made its way in literature as well as in 

practice. Recent studies suggest that disloyal, transaction-oriented customers that do not expect 

or ask for bonus programs or other forms of customer loyalty measures may still constitute a 

quite profitable customer segment for e-tailers. Acknowledging these issues, new questions arise 

concerning the appropriate mix of two or more customer segments with different buying 

behavior. Traditional customer evaluation methods mostly focus on evaluating customers one by 

one. Including risk into this consideration most often comes as a mere premium on the risk free 

discount rate for the CLV calculation. We propose a different approach in this contribution that – 

independent of a concrete method for CLV calculation – facilitates a complementary 

optimization from a risk-return perspective. 

With regard to customers as assets, we transfer and apply financial theory, particularly the 

Portfolio Selection Theory according to Markowitz, to the issue of customer portfolio 

optimization. With our model, it becomes possible to account for different buying behavior of 

two or potentially more customer segments while having an integrated view on return (CLV) and 

risk. In a simple analysis, just looking at relationship-oriented and transaction-oriented 

customers, it turns out that an optimal mix of these two customer segments within a customer 



portfolio will typically include shares of both segments. Hence, focusing just on (potentially) 

loyal customers may be optimal with respect to the expected CLV, but not necessarily with 

respect to the overall expected utility of a customer portfolio, especially incorporating the risk of 

future cash flows. Moreover, three action options were discussed for e-tailers based on the 

results of the analysis under a static view and we showed the applicability of our model using a 

data set of the e-tailer CDNow. Subsequently, a first extension is provided to arrive at a more 

dynamic view into the process of customer portfolio optimization. The results of the extended 

analysis showed that a point of saturation may be reached leading to the situation that from this 

period on only transaction-oriented customers should be targeted in the acquisition efforts. 

The results of the analysis contribute to the understanding of customer portfolio management 

as well as optimization and should be the basis for further discussions and investigations. It may 

facilitate decision-making regarding the allocation of marketing budget for customer acquisition. 

At present, designing marketing measures to address specific customers segments may be 

feasible, in particular for e-tailers operating primarily on the Internet. However, current 

technological development fundamentally also extends these opportunities to stationary retail. 

Customer portfolio optimization and management are interesting and demanding issues for 

research as well as practice. There are still a number of open research issues in these areas. 

Based on this contribution, we identified three major topics for future steps: First, the presented 

model should be expanded to incorporate an arbitrary number of segments and issues, such as 

customer retention rate, frequency of purchases, monetary value, and different product categories 

should be included. Second, the issue of managing customer relationships in order to increase the 

expected CLV and decrease the risk of churning on the one hand has to be formally combined 

with a simultaneous optimization of the overall customer portfolio. Third, the dynamic character 



of customer portfolio management as an ongoing process should be incorporated in the model 

beyond the first step discussed in this contribution. 
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