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Abstract

In this paper, we show that it is possible to estimate discount rate or cost of
capital in the calculation of customer lifetime value (CLV) for a company
using numerical methods instead of the traditional financial approaches. We
propose an estimation formula for retention period that the company
should keep the customers in order to gain certain benefit from them. We
also apply our theoretical approaches to the Mongolian mobile service at
company level using statistical data from 2005 to 2016. Some numerical re-
sults are included.
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1. Introduction

Customers are one of the main assets of a company that should be assessed and
regulated. Customer lifetime value (CLV) is gaining increasing importance as a
marketing metric in both academia and practice [1]. The literature has generally
defined CLVin many ways that differ subtly. For example, Dwyer (1997) defined
CLV as the present value of the expected benefits (e.g., gross margin) less the
burdens (e.g., direct costs of servicing and communicating) from customers.
Kumar, Ramani and Bohling [2] defined CLV as the sum of cumulated cash
flows discounted using the weighted average cost of capital of a customer over
his or her entire lifetime with the firm [3]. Estimating the Customer lifetime
value gives an opportunity to predict future investments and benefits of a com-
pany from its customers.

Customer lifetime value models mainly focus on the estimation of customer
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lifetime value and customer relationship management. However, it is very im-
portant to consider ways of finding the discount rate and retention period which
are main components of the models. So we address these two issues in our pa-
per. From a mathematical perspective, the discount rate is a solution of nonli-
near equation and the retention period can be calculated from the general mod-
el. From a managerial perspective, the discount rate and retention period are
important components of the models and decision making process. It is possible
to find the discount rate using numerical methods.

The paper is organized as follows. In Section 2, we consider a general CLV
model and Newton’s method for estimating the discount rate and generate a
formula for retention period. In Section 3, we briefly introduce about Mongo-
lian mobile service and show the numerical results. And we summarize our

findings.

2. Research Methodology
2.1. CLV Model

Customer lifetime value (CLV) is generally defined as the present value of all
future profits obtained form a customer over his or her life of relationship with a

firm . CLVis similar to the discounted cash flow approach used in finance [1].

n (pt _Ct)rt

CLV = Zt:() (1-}—[)[

-AC (1)
where p, is the price paid by a customer and ¢, is the direct cost of servicing
the customer at time £ 7 is the discount rate or cost of capital for the firm, r, is
the probability or customer repeat buying at time £, AC 1is the acquisition cost,
and nis the time horizon for estimating CLV.

For simplicity, if we assume that a customer generates margin m, for each
period ¢ the retention rate is 100% and discount rate or cost of capital for a firm
is 1, then the customer lifetime value is calculated by the following formula:
m_

(1+i)

where nis time horizon for estimating CLV. A key decision is what time horizon

CLV =" ()

to use for estimating CLV. Typically, three to five year is reasonable. With this
information and estimated other variables, we can calculate CLV using spread-

sheet analysis.

2.2. Numerical Methods for the Estimation of Discount Rate

Discount rate or the cost of capital is used to find the present profits from a cus-
tomer. In most cases, discount rate is considered as a constant about 8 - 16 per-
cent in customer lifetime value calculations [4].

In our work we use a numerical method which is called the Newton’s method
to estimate the discount rate when margins and customer lifetime value are

known. Newton’s method is one of the most powerful and well-known numeri-
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cal methods for solving a root-finding problem [5]. Let introduce the function

(0,(i)=

! 3
(1+i) ®

Then we can compute 7 from the following equation
CLV =" o,(i) 4)

for given CLV and m, . Equation (4) has a unique solution [6]. In order to use

the method, we can reformulate the equation as follows:
F(i)=>" 9 (i)-CLV =0 (5)

So the unique solution can be estimated by the following stage of Newton’s

iteration method which starts with an initial approximation f, [6]:

F(iy)

7. sk:13253"" (6)
F (lk_l)

L =h—

2.3. Retention Period

Retention period is a time period that a customer stays with the company with
certainly. For simplicity, if we assume that the average margin each customer per
year is constant, that is m, =m,(1=0,1,2,---,n)), then the formula (1) has the

form

CLV =m 1+1{1— 1 ] (7)
i (1+i)

So we can find n, retention period, from the equation as:

{2

n= (8)

m(lj
1+1i

for given mand CLV.

3. Numerical Results
3.1. Brief Introduction of Mongolian Cellular Service

It has been more than 20 years since Mobicom corporation first introduced mo-
bile service in Mongolia based on GSM in 1996. As a result of market competi-
tion, today there are four major mobile operators such as Mobicom corporation,
Unitel, Gmobile and Skytel companies.

In our work, we used the statistical data such as number of subscribers, total
income and investment of mobile service from 2005 to 2016 obtained by the
annual reports of Communications Regulatory Commission of Mongolia to es-
timate the main indicators of mobile service operators. According to the an-
nual reports, the number of subscribers is increasing year by years. From the

Figure 1, we can see that 3409.4 thousand subscribers are actively using mo-
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bile phones in their everyday life in 2016, which is about 6 times compared to
those of 2005.

As cellular telephone companies updated equipment and technology from
year to year, the number of subscribers and types of service have increased and
tariffs have decreased to some extent to compete with the ever-increasing mar-
ket. Cellular is presently focused on prepaid and postpaid 2 types of product on
the market telecommunication markets. Most of subscribers, 87.72 percent, are
prepaid users.

Figure 2 shows the market share of mobile operators. In 2005, Mobicom was
the largest market for cellular telecommunications and dropped to 42 percent in
2016. The second largest cellular telephone company is Skytel, accounting for 32
percent of the market in 2016. Statistics show that the company’s share in the
market for the last three years is almost constant. This shows that the companies
are operating consistently and on the other hand, most users are loyal to the op-
erator.

We showed the total revenue of Mobile service and total found raising to the
state budget from Mobile service in the Figure 3. According to the last 6 years,
the total income of the sector has increased until 2014 where it reached 454.7
billion MNT, but revenue has fallen in the last two years. The cellular service
sector annually accounts for 17.7 percent of its total revenue to the state budget
and 21 percent for investment. Since technology is constantly being updated,
investments in this sector are more important than other sectors.

In our work, we assume that the total profit generated by mobile operators is
20 percent of its total income, since we are lack of information about the total
cost of mobile companies. So we can find the average margin per customer for a
mobile service company by dividing the total profit to the number of active sub-
scribers. Figure 4 shows the time trend for the average margin of a mobile ser-
vice operator. According to the estimation, in 2011, the average margin per cus-
tomer was about 39.3 thousand MNT and there was an increase in the average
margin from 2012 to 2014 where it reached 35.1 thousand MNT. In recent
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Figure 1. Number of active subscribers/thous. person/. Source: http://www.crc.gov.mn/.
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Figure 2. Market share of mobile companies. Source: http://www.crc.gov.mn/.
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Figure 3. Total income and state budget of Mobile service /bill. MNT/.

years, this amount has dropped to 29.2 thousand MNT in 2016.

3.2. Estimation of Discount Rate and Retention Period

To find discount rate numerically, we solved the following problem by Newton’s
method starting with the initial approximation i, =0.001 using C++ program:
5
Ly =Y "
7=0 (1 +1i )

where m, and CLVare given. Results are shown in Table 1.

According to the calculation, if the customer life time value is 130 thousand
MNT, discount rate should be 18 percent, however if it is 170 thousand MNT
then discount rate must be smaller, that is 4.6 percent. We also showed the itera-
tion numbers which are required to achieve within 0.0001 accuracy.

Since there was tendency to stabilize the average margin per customer of a

mobile service company of Mongolia, we assumed that the average margin for
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Figure 4. Annual average margin per customer /thous. MNT/. Source:
http://www.crc.gov.mn/

Table 1. Discount rate and number of iterations.

Customer lifetime value, /thous. MNT/ Discount rate, % Iteration number
1 110 29 8
2 130 18 6
3 150 11 5
4 170 4.6 4

each customer is constant, that, about 32 thousand MNT and calculated how
long the company should retain the customers using the Equation (9) to gain
certain profit from the customers. Numerical results are given by the following
table.

From Table 2, we can see that if discount rate is 8 percent, it takes about 7
years to gain 200 thousand MNT from a customer whose average margin is
about 32 thousand MNT per year where as it takes 9 years when discount rate is
assumed 12 percent. Using the calculation, the company can make prediction

about its profit after several years.

4. Conclusions

1) We showed that it is possible to find the discount rate using the numerical
methods. We used the Newton’s method to solve the problem.

2) We proposed a formula for calculating retention period of CLV model for a
constant margin and any customer lifetime values.

3) We applied the proposed approach to the Mongolian mobile service at
company level and estimated the average margin per customer and CLV of a
mobile service company using annual data by the Communications Regulatory

Commission of Mongolia.
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Table 2. Calculation of retention period.

Discount rate, % CLV (thous. MNT) Retention period
1 8 200 7
2 8 150 5
3 12 200 9
4 12 150 5
5 16 200 11
6 16 150 6

4) We hope that our approach will provide the tools for estimating some of
main components of CLV model but also give a theoretical contribution in the
field.
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