Title : Forecasting Demand for Low Earth Orbit Mobile Satellite Service in Korea

Authors : Duk Bin Jun*, Seon K. Kim*, Myoung H. Park**,

        Moon S. Bae***, Yoon S. Park*, Young J. Joo***


 *KAIST, **Hansung Univ., ***ETRI

Address : Graduate School of Management, KAIST

        207-43 Chungryangri-dong, Tongdaemun-gu, Seoul, 130-012, Korea

Telephone : 82-02-958-3634

Fax number: 82-02-958-3604

E-mail : dbjun@cais.kaist.ac.kr,  s_bedask@cais.kaist.ac.kr

Forecasting Demand for Low Earth Orbit Mobile Satellite Service in Korea

Abstract

   Forecasting a new service diffusion process is critical in designing marketing strategies and analyzing the costs and benefits for service providers.  It is very difficult, however, in cases that data are not available.

   We suggest the combination of analogy and survey to forecast the demand for Low Earth Orbit(LEO) mobile satellite service in Korea.  First, we analyze the diffusion of existing mobile phone service, which is similar to LEO service.  The diffusion parameters for mobile phone service are then used in a model for LEO service.  A survey was made on two hundred fifty-five subscribers of existing mobile phone service in Korea.  We estimate the potential market size of LEO service by applying the logit model to the survey data.  Then, we forecast the annual demand for LEO service in Korea from 1998 to 2005.  We also derive the price elasticity of market potential of LEO service.
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   1. Introduction

   Forecasting a new service diffusion process is critical for service providers to analyze the costs and benefits.  Such a forecast may also help to prevent market failure that may arise after the introduction of a new service and to make long term plans for supply of the service.

   Forecasting is very difficult, however, in cases that data are not available.  It is impossible to directly use quantitative methods such as the diffusion model of Bass[1].  Therefore, methods such as survey, Analytic Hierarchy Process(AHP), and analogy can be applied to forecast the demand for a new service.  In that case, the diffusion parameter estimates can be obtained by using either expert judgment or the diffusion history of analogous products(Mahajan, Muller and Bass[7]).  In this paper, we suggest the combination of analogy and survey to forecast the demand for Low Earth Orbit(LEO) mobile satellite service in Korea.  We also propose application of the logit model to the survey data in order to estimate the potential market size of LEO service.

   In section 2, we discuss the characteristics of LEO service and the similarity between LEO service and mobile phone service.  The diffusion process of existing mobile phone service is analyzed in section 3.  Section 4 describes a survey that provides information necessary to forecast the demand for LEO service.  In section 5, we propose a forecasting method in which the logit model is applied to the survey data.  We also forecast the demand for LEO service in Korea.  In section 6, the price elasticity of the market potential of LEO service is derived.  Section 7 presents discussion and concluding remarks.

   2. Characteristics of LEO service and similarity between LEO service and mobile phone service

   LEO satellite communication system consists of a large number of satellites in low orbits.  It may provide real-time communication services to mobile and stationary users anywhere on the globe; it will offer voice communication, data transfer, positioning, paging, and messaging services.  In this paper, we focus on voice communication among these services.  Using LEO service, it is possible to communicate with a person wherever he is; without hindrance of geographical features of the earth.  A subscriber of LEO service can communicate by his terminal and personal number even when he is in a foreign country.  On the contrary, this is not possible for a subscriber of existing mobile phone service.  The price of LEO service is much higher than that of mobile phone service.  Hence, it is anticipated that a dual mode terminal will be developed; such a terminal will provide both mobile phone service and LEO service.  In this scenario, a caller subscribes to both services and chooses one or the other on a call-by-call basis.  Although there are some differences in their coverage and characteristics, both are personal mobile communication services that link the areas where PSTN service is insufficient or not offered at all.  Bayus[3] suggested a segmentation scheme in which a new product can be associated with an appropriate group of similar products and thus their demand parameters using early estimates of price and cost.   The price and cost of the two services considered here are very high in the early stage of their life cycle and will decrease at high speed with the development of technology.  From the similarity, we can infer that both will be included in the same segment and their respective demands will increase at the same rate.  Hence, we assume that the diffusion parameters for LEO service are the same as those for existing mobile phone service.

   3. Diffusion of mobile phone service

   The diffusion model of Bass[1] has been widely applied to various products to explain the diffusion process of product sales.  When the sales during period t are defined as 

, the cumulative sales until time t-1 as 

, and market potential as N, the Bass model can be represented as follows:



.





(1) 

The parameter, p, represents the innovation effect produced by non-buyers, 

.  The parameter, q, represents the imitation effect produced by the interaction of the buyers, 

, and the non-buyers, 

.

   Because there are not available data, the usual estimation procedures can not be implemented directly to forecast the demand for LEO service.  Therefore, we analyze the diffusion process of existing mobile phone service, which is analogous to LEO service.  The Bass model was applied to the annual demand for estimation of p and q in mobile phone service in Korea from 1984 to 1993.  Estimates of parameters may be unreasonable if the data are not sufficiently rich.  Hence, market size, N, was estimated from a survey that the Research & Research company had made on the non-subscribers of mobile phone service in Korea in 1994.  The respondents who presented the intention to use mobile phone service in the future occupied about 40.6% of the sample.  From that, the market potential of existing mobile phone service was estimated to be about 12 million in 1994.  It was also assumed to increase at the same rate of population growth.  Given the market potential, the Bass model is linear in the parameters as shown in eq. (1).  The OLS estimation results are summarized in table 1.

   4. Survey

   In a very competitive society, services that can not satisfy customers will not survive in the market.  In such an environment, it is important to assess the potential market based on customer’s need.  A survey is a useful method for understanding the need for telecommunication services and the customer’s behavior relevant to the use of these services.

   We estimate the market size of LEO service by using a survey made on the mobile phone users,  who are expected to be the probable adopters of LEO service.  The most recent survey in Korea took place in the fall of 1994.  Randomly selected 1,000 subscribers of existing mobile phone service were interviewed or mailed.  The number of respondents was 255.  The sample represents various business categories and geographical regions.  We asked questions relevant to the use of  mobile telecommunication services and an individual’s intention to subscribe to LEO service.

   5. Forecast model and results

   In this section, we develop a forecast model based on the survey data and forecast the demand for LEO service in Korea.

   The utilities that the ith individual will obtain by adopting or not adopting LEO service are denoted as 

and 

, respectively.  The superscripts, (L) and (M) represent LEO and mobile phone service because an individual who dose not subscribe to LEO service remains in existing mobile phone service market.  The utilities are divided into two additive parts as follows:
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 and 

 are assumed to be deterministic functions.  They are related to the factors considered by the individual in deciding whether to adopt the service.  The error terms, 

and 

 are random from the observational perspective.  An individual will subscribe to LEO service if the utility obtained by subscribing is greater than that obtained when not subscribing.  To simplify the model, we assume that the error terms follow the extreme value distribution(see Ben-Akiva and Lerman[4]).  Then, the probability that the ith individual subscribes to LEO service is as follows:



.




(4)

The deterministic terms, 

 and 

 are defined as a linear function of various explanatory variables, 

 and 

, which are the observed attributes that affect choice.  In this case, the exogenous variables represent the need for using mobile telecommunication service, the need for having a personal number in foreign countries, additional costs a potential subscriber is willing to incur, current monthly spending on mobile phone service during business travel, monthly cost for using LEO service and mobile phone service, income, unsatisfactory experience in using existing mobile phone service, etc.  Then, the subscription probability is as follows:
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   For maximum likelihood estimation of the unknown parameters, the likelihood function, 

, is defined as follows:
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(6)

where the indicator variable, 

, is defined as one if the intention to use the service measured on seven-point scale is equal to seven and is defined as zero otherwise.

   The specification of this model is summarized in table 2.  The two columns correspond to  LEO service and mobile phone utilities and the rows correspond to the six coefficients labeled 

 through 

.  The entries in the table define the variables that enter into the model.  Entries in the last column are the coefficient estimates.  At first, many variables relevant to mobile telecommunication service were considered.  By removing insignificant variables, statistically significant variables were finally selected.  Estimates were obtained by maximizing the likelihood function in eq. (6).  Their signs are as expected and we can make several inferences about them.  The need for mobile telecommunication and the need for having personal number in foreign countries were each measured on a scale of one to seven.  An individual with a greater need for mobile telecommunication and a personal number should be more likely to subscribe to LEO service.  Therefore, by multiplying these two variables, we used it as an explanatory variable.  We also see that a person is more likely to subscribe to LEO service if he is willing to spend more in addition to current monthly spending to mobile phone service during business travel.  The costs for terminal purchase and the fees for subscription, basic service, monthly calls were aggregated into a monthly cost.  The definite plan for each price component of LEO service and mobile phone service presented in survey are explained in table 2.  Utility decreases if the monthly costs for using either LEO service or mobile phone service increases.  Subscription probability increases with personal income.  If a potential subscriber has an unsatisfactory experience using mobile phone service, he will be more likely to subscribe to LEO service.

   We can infer that the potential non-subscribers will subscribe to LEO service by an average subscription probability, 

, which is 0.47.  As a result, the market size for LEO service is derived as follows:
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 and 

 are the market potential of LEO service and mobile phone service, respectively.  Given the potential market size, we can forecast the annual demand for LEO service using the diffusion parameters for mobile phone service.  Figure 1 shows the demand for LEO service.

   6. Price elasticity

   Price elasticity measures the responsiveness of demand to changes in price.  The price for LEO service can change as a result of pricing strategies or of technology development.  The price elasticity of the market potential can be derived by using a well-known property of the logit model.  The derivation is explained in detail in the appendix.

   In this section, we derive, as an example, the price elasticity of the market potential where price represents the fee per minute.  The example discussed here is the point elasticity.  The subscription probability of the ith individual, 

, is a function of the fees for monthly calls included in the monthly cost for using LEO service as shown in eq. (5).  The fees for monthly calls are calculated by multiplying the length of calls by the fee per minute.  If we assume that the call length is unchanged, the relevant elasticity of the ith individual’s subscription probability can be derived as follows:
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where 

 is the relevant coefficient as shown in table 2; 

 and 

 represent the call length and the fee per minute, respectively.  We can see from eq. (8) that the elasticity is greater for a person using LEO service for a longer period.  Because the market potential of LEO service is proportional to the average subscription probability, the elasticity of market potential is calculated as follows:
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(9)

This is simply an average of the individual levels of elasticity weighted by the subscription probabilities.  The fee per minute elasticity of the market potential of LEO service is about -0.097.  That is, if the fee per minute increases 1% from present level of 1,600 to 1,616 won per minute, the market potential of LEO service decreases 0.097%. 

7. Discussion and conclusions

   In this paper, we applied the diffusion model of Bass to existing mobile phone service in order to estimate the diffusion parameters.  Then, we analyzed the survey data to estimate the market potential of LEO service.  The subscription probability was estimated by fitting the survey data to the logit model.  The market potential of LEO service was derived from the subscription probabilities.  Given the market potential, we forecasted the demand for LEO service by using the diffusion parameters of existing mobile phone service.  The price elasticity of the market potential was also derived.  Using the point elasticity is one way to predict changes due to modifications in the independent variables.  It is useful when the changes take place in the neighborhood of the point.  When there are some changes in variables, we can predict the probability that individual i will choose LEO service by recalculating the utilities.  If the price of LEO service increases twofold and that of existing mobile phone service decreases half, then the average subscription probability becomes 0.39 from 0.47 that was the estimated value in the original plan for the price.  As the price of LEO service increases, the average probability decreases.
   When we made the survey, we had a bright future from the standpoint of national economy.  However, the financial situation of Korea has become worse and the real income of people has decreased when compared with then.  The price of LEO service was calculated at the exchange rate of about 800 won to the U.S. dollar in 1994.  There has been a great raise in the foreign exchange rate since then.  In these circumstances, the price of LEO service in Korea will be much higher than we expected.  The forecast results of this paper were derived by using the survey made about four years ago and the conditions of those days were very different from those of the present.  Therefore, the changes must be considered and great care should be taken when using the results.
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   Appendix 

   The elasticity of the ith individual’s subscription probability of the fee per minute can be derived as follows:




   

,

where 

 is the relevant coefficient; 

 and 

 are the length of call and the fee per minute, respectively.

   The elasticity of market potential can be derived as follows:




  

.
Table 1. Results for fitting the Bass model to existing mobile phone service in Korea

Parameter
Estimate

p
0.00041 (0.3609)

q
0.72296 (0.0001)




Given




1. The value in parenthesis denotes the p-value.

2. 

: the market potential of existing mobile phone service at time t



: the number of population who is 20 years old or over



: the number of cumulative subscribers of mobile phone service at time t-1

The market potential is assumed to increase at the same rate of population growth.




Table 2. Results of the application of the logit model to LEO service in Korea


LEO service utility, 


Mobile phone service utility, 


Estimate




1
0
-3.4573

(0.0002)




interaction of need for mobile telecommunication and need for having personal number in foreign countries
0
0.0265

(0.0402)




costs a potential subscriber is willing to incur in addition to current monthly spending on mobile phone service during business travel
0
3.449E-6

(0.0306)




monthly cost for using LEO service
monthly cost for using mobile phone service
-2.8E-6

(0.0576)




income
0
2.332E-7

(0.0123)




0
unsatisfactory experience

in using mobile phone service
-0.2383

(0.0515)

Testing Global Null Hypothesis : BETA=0

 Criterion   Intercept Only   Intercept and Covariates   Chi-Square for Covariates

 AIC         255.030           228.909                  .

 SC          258.240           248.166                  .

 -2LOG L     253.030           216.909           36.121 with 5 DF (0.0001)

 Score           .                 .              31.739 with 5 DF (0.0001)



1.  The value in parenthesis denotes the p-value.

2.  In the mobile phone utility,

costs for terminal purchase = 600,000 won,  fee for subscription = 732,000 won

fee for basic service = 27,000 won,

the ith individual’s fee for monthly calls = 

,

The fee for monthly calls is individually asked in the survey.

· the ith individual’s monthly cost for using mobile phone service

= 


In the LEO service utility,

costs for terminal purchase = 1,200,000 won,  fee for basic service = 16,000 won

fee per minute = 1,600 won per minute,

call length of the ith individual = 

,

The call length is estimated from the fee for monthly calls asked in survey.

· the ith individual’s monthly cost for using LEO service

= 


The costs for terminal purchase and the fee for subscription are converted to monthly cost by multiplying 0.01.

Figure 1. Demand for LEO service in Korea
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7548062.433520311

2018.0

90715.45959250984

1.6114243928088402E7

1.6149923846333507E7

1.3700426324281143E7

3.88816E7

3.29182E7

47808.25852281732

7571596.081166495

7590464.207776748

2019.0

90364.13315756702

1.6204608061245969E7

1.624014038730465E7

1.3713911077788526E7

3.90988E7

3.29506E7

43965.24156657438

7615561.322733069

7632865.982033186

2020.0

90262.91166057548

1.6294870972906545E7

1.6330356928275794E7

1.3727395831295907E7

42854.05652503716

7658415.3792581055

7675267.756289623
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