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ABSTRACT 

In this dissertation we develop an econometric model of telephone service demand 

in order to compare the demand characteristics of consumers in Korea and North America 

and to analyze the effects of policy changes in the telephone service field. To do this, 

several factors that influence the behavior of call demand are analyzed. We limit 

ourselves to two different types of call demand: residential access demand and long 

distance (toll) call demand. 

For the residential access demand, limited dependent variable techniques are used. 

Results suggest that the price elasticity for residential access demand in Korea is smaller 

than those indicated in similar North American studies. The finding is also smaller than 

that which is found for Korea. The income elasticity of demand for residential access 

telephone service is found to be much smaller than the estimates obtained by previous 

researchers in Korea. For toll call demand, pooled cross-sectionalltimes-series 

econometric methods were used to estimate the average price and income elasticities of 

toll call users. The price elasticities for long distance call demand are slightly larger than 

their counterparts in Canada and the income elasticities are somewhat smaller than those 

in the US and Canada. It is difficult to compare results with previous Korean studies, 

since they do not control for the rate level. 
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1. INTRODUCTION 

1.1 GENERAL DISCUSSION OF TELECOMMUNICATIONS 

The world is becoming a global information society. Sending and receiving 

information has become an increasingly critical force in the growth of industry and the 

economy. To optimize the flow of data in this information age, the development of the 

telecommunications industry as the prime vehicle is essential. 

Moreover, due to increasing specialization and the rapid growth of society, it is 

essential to exchange information rapidly. As a result, there is increasing demand for 

improvements in telecommunications. The developments in the telecommunications field 

are a fascinating and continuous process. The expansion of market scope and the sudden 

change in the structure of the market due to telecommunications services innovation 

make it important to accurately analyze the demanu for telecommunication services. 

The telecommunication media encompass a vast array of technologies. These 

transmission media include telephones (wire, mobile, and optical), faxes, microwave, and 

satellite. New developments in the field of information transmission seem to occur 

almost overnight. 

Nevertheless, the study of telephone telecommunication is a relatively recent 

development. The telephone industry is especially important because it is the largest of 

the telecommunications media used and accessed by the general public. The telephone 

makes receiving and dispatching of communication easy and very accessible to the 
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general public. The study of ongoing changes in this medium by means of newly 

developed telephone-service demand econometric models is important and worthwhile. 

1.2 FOCUS OF THE DISSERTATION 

The focus of this paper is the demand for telephone services in Korea. Of the 

many varieties of telecommunications, we chose the demand for telephone services for 

several reasons. The first is that the demand for (fixed) telephone services can be applied 

to other telecommunication services (i.e. mobile cellular phone, faxes, etc.). Modeling of 

demand, estimation, and method of forecasting are all similar processes in any 

telecommunication service. Secondly, there is a limited amount of data sources for other 

telecommunication services because of their comparatively recent development. 

Furthermore, of all the telecommunication services provided in Korea, telephone services 

have the biggest portion of the market based on net sales. 1 Finally, telephone services 

have the additional advantage of being able to centrally coordinate the other means of 

communication such as cellular, computer via modem, etc .. 

The industrial nations have been able to handle innovations / improvements and 

resulting changes in the telecommunications medium with relative ease. It is important to 

understand the characteristics of these changes and to find efficient ways of developing 

them. In order to meet the demands of a rapidly changing industry, these nations are 

I In 1992, local and long distance telephone revenues made up approximately 86% of Korea Telecom's 
(KT) total telecommunications revenue ( Source: Lee, Kim, Kim; 1992). 
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continuously studying and revising existing telecommunication models in an effort to 

find new methods of forecasting and estimating telephone service demand with increasing 

accuracy and reliance. 

Previously, Korea had a ban against foreign competition In their 

telecommunications market. However, through the GAIT treaty, Korea has agreed to 

loosen restrictions on foreign competition. When Korea lifted the ban against foreign 

competition, Korea faced major changes which created new problems. As an 

industrializing nation, Korea requires models adapted to its special needs in order to 

facilitate the development of its telephone services. These changes create a need for 

regulation of methods and policies to establish a system of fair competition. In this case, 

an accurate demand analysis is very important to the regulatory agency and industry 

marketing and investment plans. For example, through accurate forecasting of telephone 

call demand (hereafter call demand), telecommunications enterprises are able to analyze 

characteristics of the consumer. By studying present and forecasting call demand of the 

unfolding market, the telecommunications industry can estimate sales revenue, ensure 

customer development, and make knowledgeable investments. 

1.3 PURPOSE 

The purpose of this dissertation is to develop an econometric model based on 

North American models to enable a comparison between the demand characteristics of 

consumers in Korea and North America, as well as to forecast policy changes in the 
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telecommunication field. In order to do this, it is necessary to analyze several factors 

that influence the behavior of call demand. To study call demand, we limit ourselves to 

two different types of demand. First, residential access demand is examined in an attempt 

to determine the effect of a price increase on consumer access to the network. The effect 

of income elasticity is also examined. Second, we analyze long distance (toll) call 

demand. Although a higher percentage of calls are local, toll calls generate a much larger 

revenue. The remainder of this study is organized in the following manner. Chapter 2, 

Section 1 discusses the benefits of telecommunications, their effect on the global 

economy, and what effect the GAIT treaty may have on the market. Section 2 discusses 

the data limitations encountered in the development of the model. Section 3 introduces 

the Korean charge system, gives a general analysis of the current system of calling range 

and class areas, and discusses the various call charges (fixed, variable, and long distance). 

A discussion of the characteristics of telephone service demand and theory are contained 

in Chapter 3. The literature review, in Chapter 4, discusses previous studies of access and 

usage in North America and Korea. Chapters 5 and 6 give an analysis of demand 

characteristics, an empirical model, the results of the each econometric model, and data 

considerations of residential access demand and toll call demand, respectively. Finally, 

Chapter 7 discusses the results ofthis study and their implications for future study. 
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2. BACKGROUND OF THE TELEPHONE SERVICE MARKET IN KOREA 

2.1 TELEPHONE SERVICE 

The development of telephone systems makes it possible to transfer information 

that is necessary for the organization of industry, educational and social activities. The 

benefits of telephone service include reduced cost of transportation, removal of 

geographical obstacles, reduction in costly time constraints, sharing information, 

coordination, etc. These benefits permit growth on many different scales. Korea has 

become connected to the global economy and information services. People in Korea as 

well as in other countries, have the ability to call each other and get information on tourist 

attractions, weather, etc., q~ckly. Telephone services allow Korean cities and regions to 

exchange information and plans almost immediately, thereby ensuring balanced 

development (transportation of goods and supplies). Telephones replace the role of 

circulation transportation, improving productivity (an order for a part can be done over 

the phone instead of relaying it through a courier). Ease of access to information makes 

telecommunications indispensable to the formation of regional living zone areas. 

As industry expands and living standards improve, the role of the telephone as a 

medium of inter-regional information becomes increasingly widespread. The Korean 

government has increased its investment in the telecommunications industry. Since 1987, 

the magnetic and common battery facilities have been completely eliminated and replaced 

by automatic facilities. (Table 1) 
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Korea will face major changes when the GATT treaty opens the 

telecommunications market to foreign competition in 1997. As a result, regulation to 

establish a system of fair market competition with new policies and methods will be 

necessary. Proper demand analysis is required for the regulatory agency to make accurate 

forecasts. Business enterprises who sell telephone services need this forecasting to make 

reasonable marketing and investment plans. 

TABLE 1 

TELEPHONE FACILITIES RATE BY SYSTEM 
(Facilities Rate (%)) 

Year 1982 1983 1984 1985 1986 1987 

Common Battery 0.3 
Magnetic 10 7.7 6.3 3.4 1.3 
Automatic 89.7 92.3 93.7 96.6 98.7 100 

Source: The Statistical Yearbook of Telecommunications, KT, 1992 

The Ministry of Communications in Korea encourages other local 

telecommunications companies to enter into competition with the existing 

telecommunications companies in the local and international markets. Presently, the 

price for a local phone call is lower than the base cost and the price for a long distance 

call is two to three times higher than its base cost. The Ministry hopes to end these 



19 

distortions with the introduction of new competitors into the market. Presently, Korea 

Telecom (KT) monopolizes the domestic market except for international calls.2 

2.2 DATA LIMITATION 

The Korean micro database ( which is necessary for estimation, hypothesis 

testing, and model forecasting) has limitations and is not easily accessible.3 However, 

sufficient data exist for an econometric demand analysis of aggregate consumers' local 

and long distance calls. The demand side is essentially organized as competitive-price 

takers. 

2.3 THE KOREAN CHARGE SYSTEM 

2.3.1 [lltroduction 

The Korean telephone service charge system differs from the North American 

system. In order to analyze demand for telephone services in Korea, we must realize that 

the fee structure is organized as a two-pari tariff; there is a fixed rate that everyone must 

pay and a variable rate that depends on usage. If a customer exceeds a limited number of 

local calls, an extra charge is added onto the rate which is priced at 25 won per call. 

2DACOM , a competitor, has approximately 27% of the international call market.. They pay a service 
charge to KT to gain access into the local network. 

3 The industry was a regulated government operation until 1989. During this time, much of the data was not 
recorded, or difficult to obtain. Time series data of this type are virtually unavailable. After 1989, control 
was given to KT. The market was then organized as a natural monopoly and some of the numbers are 
proprietary. 
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Local call charges are dependent upon the Korean system of class area. Long distance 

charges have a separate rate structure. 

2.3.2 Gelleral allalysis o/tlte current system 0/ callillg rallges alld class areas 

Korea is divided into six special cities4 and nine provinces5 which include middle 

and small-size cities6 and rural areas'? A special city is defined as a large city under the 

direct control of the central government. There are 270 governmental administration 

districts (hereafter administration districts): Gu, Gun and Shi ( Gu is in special city, 

otherwise Gun and Shi). A few translations of Korean administrative districts are 

necessary at this point. From here on we use the English word city to refer to the Gu, 

Gun, Shi Korean level division. We, also, use the English word town for Korean Up, 

township for Myon. 

Since 1990, Korea has been divided into 146 calling ranges 8(see figure 1). Cheju 

island province is one calling range. Cities (Guns and shis) comprise the other 145, 

4Special cities: Seoul, Pusan, Taegu, Inchon, Kwangju, and Taejon 

5 Nine Provinces: Kyonggi-do, Kangwon-do, Chungchongbuk-do, Chungchongnam-do, Chollabuk-do, 
Chollanam-do, Kyongsangbuk-do, Kyongsangnam-do, and Cheju-do 

6Middle and small size cities include the seat of the provincial office such as Suwon-shi, Chunchon-shi, 
Chollgju-shi, Chonan-shi, Chonju-shi, Mokpo-shi, Pohang-shi, Masan-shi etc. and 38 municipal areas, 

7Rural areas include Gun(county) areas. 

8 According to the general call use agreement Article 3 Clause 8, calling range is defined as "the 
designated area in which the subscribers can call each other under the same condition and in the same way 
of making a phone call". Here, "by the same way of making a phone call" means that the subscribers can 
make phone calls with their subscription phone numbers without using the area code, and "by the same 
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including six special cities (Gus). The distribution of each provincial calling range is as 

follows (see Table 2). Kyongsangbuk-do(province) has 23 calling ranges (the largest 

number) while Cheju island has only one. Of all telephone subscribers, 55.14% are 

within special cities, 46.94% of the subscribers live in Kyonggi-do (province).9 

Since 1975, calling ranges have been assigned to 10 different class areas that 

depend on the number of facilities ( the maximum number of telephone lines in that 

calling range) (see Table 3). 

2.3.3 Fixed cJzarges (illstallatioll alld movemellt charges Qlld basic call rate) 

There is a different installation fee and movement fee charged according to the 

class area (see Table 4). Under the Korean telephone system, an individual or business 

must pay a standard installation fee which is refundable once the contrad between the 

parties is broken. If the customer moves, an additional, non refundable movement charge 

is added. In addition, customers must pay a basic rate for telephone service each month 

for a limited number of calls. If the customer does not use the allotted number of local 

calls, no additional charges are added. There are four different basic rates based upon 

eight classes. 10 Class areas 3-6 has a basic rate of 2,000 won; class area 7 has a basic rate 

condition" means that the utility which should be paid for the use of telephone calls as a consideration is the 

same. 

9 This province includes Seoul and Inchon. 

lOIn 1990, every calling range had more than 1,000 facilities; therefore, the f1l'st two class areas are not 
represented. 
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of 2,600 won; each class area and its respective basic rates are shown in Table 5. The 

installation, movement, and basic rate make up the fixed (inescapable) charge. This pays 

for network service and maintenance. 

2.3.4 Variable charges 

The variable charge represents the cost of use of the network. The charge system 

for local calls is shown in Table 5. Prior to 1986, the local call charge was 20 Won in the 

town and township system. It increased to 25 won after 1986, when the smaller town and 

township system was converted to the larger city system. 

In class areas 3 through 7, the pulse of calls is not based on a time limit. For 

example, if a caller lives in class area 7, he/she may speak for over an hour and not get an 

extra charge of 25 won, unless this call is more than their 100th that month. Each call 

after the first 100 calls will be charged an extra 25 won. Class areas 8 through 10, 

however, are placed on a time restriction (three minutes equals one phone call). Ifa caller 

in class area 8 makes a phone call for 13 minutes, this is considered the equivalent of five 

phone calls. After the first 100 calls, the caller is charged an extra 25 won per time

dependent phone call. 

2.3.5 LOIrg distance (toll) charges 

The long-distance charge varies according to distance between zones. There were 

eight zones in 1984, five zones in 1986, four zones in 1988, and only three zones since 

1991. As the number of zones has become smaller, the distance covered by each zone has 
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become larger. A summary of the charges from December 1981 through the present are 

described in Table 6. 

When the system changed from eight zones to five zones in 1986, the long

distance charge for 100lan or more was unified. When the system changed from five 

zones to four zones in 1988, the zone with a distance less than 10lan was eliminated. 

Then, when it changed from four zones to three zones in 1991, the zones for 30lan -

SOkm and SOlan - 100lan were unified. 

During certain hours of the day, the off-peak calling times, the price of a phone 

call is reduced. This is known as the reduced price system. In February 1986, long

distance call prices were reduced by 20% between 23:00 and 06:00. In December 1987, 

the off-peak period of discount was extended to the times between 21 :00 and 8:00, and 

the discount has increased to 30%. The reduced price system, as of July 1988, has been 

extended to include all day on Sunday and holidays. A similar reduced price system was 

introduced for local calls in class areas eight through ten in 1990; in class areas three 

through seven, local call rates have not changed. 
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TABLE 2 

DISTRIBUTION OF EACH PROVINCIAL RANGE OF CALL 
AND NUMBER OF SUBSCRIBERS 

Special cities & Number of Numbers in Number of 
Provinces Calling Ranges Figure 1 Subscribers 

S/2e.r;} al c.ilie.s. 
Seoul 1 1 4,243,617 
Pusan 1 24 1,308,269 
Taegu 1 92 808,547 
Inchon 2 920,971 
Kwangju 1 70 376,196 
Taejon 1 45 354,163 
Pro v jnc.e.s. 
Kyonggi-do 21 3-23 1,656,261 
Kang-won-do 17 129-145 485,389 
Chungchongbuk-do 10 60-69 410,688 
Chungchongnam-do 14 46-59 549,256 
Chollabuk-do 13 116-128 589,796 
Chollanam-do 21 71-91 665,492 
Kyongsangbuk-do 23 93-115 803,156 
Kyongsangnam-do 20 25-44 1,200,997 
Cheju-do 1 146 156,577 

Th1111 146 14,530,375 

Source: Yu, W., 1991 and The statistical yearbook of Telecommunications, KT,1992 



A: Scoul 
B: Pusan 
C: Tacgu 
D: Inchon 
E: Kwangju 
F: Tacjon 
G : Kyonggi-do 
H : Kangwon-do 
I : Chungchongbuk-do 
J: Chungchongnam-do 
K : Chollabuk-do 
L : Chollanam-do 
M : Kyongsangbuk-do 
N : Kyongsangnam-do 
0: Cheju-do 

05 
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FIGURE 1 

146 CALLING RANGES 

~ 
100 
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TABLE 3 

CLASS AREA 

Class Area No. offacilities 

1st 1-500 
2nd 501-1,000 
3rd 1,001-5,000 
4th 5,001-10,000 
5th 10,001-20,000 
6th 20,001-50,000 
7th 50,001-100,000 
8th 100,001-200,000 
9th 200,001-400,000 
10th over 400,000 

Source: The statistical yearbook of Telecommunication, KT, 1991 

TABLE 4 

INSTALLATION AND MOVEMENT CHARGES 

Unit: Won 

Class Area Installation Charges Movement Charges 

1st 97,300 2,700 
2nd 104,600 5,400 
3rd 112,000 8,000 
4th 122,000 8,000 
5th 142,000 8,000 
6th 162,000 8,000 
7th 182,000 8,000 
8th 202,000 8,000 
9th 222,000 8,000 
10th 242,000 8,000 

Source: The Statistical Yearbook of Telecommunications, KT, 1991 



TABLES 

LOCAL CALL RATE 

Unit: Won 

Class Area Basic Rate Call rate 

3-6 2,000 25* 
7 2,600 25* 
8 3,000 25** 

9-10 2,500 25** 

• per call after 100 calls 
.. per calls ( one call = 1 - 180 seconds) after 100 calls 
Source: The Statistical Yearbook of Telecommunications, KT , 1992 

TABLE 6 

CHANGES IN AUTOMATIC LONG DISTANCE CALL CHARGES 

December, 1981 
Distance (km) Rate (won/sec) 

up to 10 20/40 
11-30 20/13 
31-50 20/8 

51-100 20/4 
101-200 20/2.5 
201-300 20/2.5 
301-400 20/2.166 
over 400 20/2 

May, 1990 
Distance(km) 

up to 30 
31-50 

51-100 
over 100 

Rate ...... (won/sec) 
25/45(65) 

25/11.5( 17) 
25/7(10) 
25/5(7.2) 

().: Reduced Price between 23:00-06:00 

Febuary, 1986 
Distance (km) Rate- (won/sec) 

up to 10 25/45(56.3) 
11-30 25/30(37.5) 
31-50 25/10(12.5) 
51-100 25/5(6.3) 
over 100 25/3.5(4.4) 

May, 1991 
Distance(km) Rate ...... (won/sec) 

up to 30 25/45(65) 
31-100 25/11.5(17) 
over 100 25/5(7.2) 

() •• : Reduced Price between 21:00-08:00, and all day on Sunday and Holidays 

December, 1988 
Distance (km) Rate-- (won/sec) 

up to 30 25/45(65) 
31-50 25/11.5( 17) 

51-100 25/5.5(7.9) 
over 100 25/4.5(6.6) 

Febuary, 1993 
Distance(km) Rate·· (won/sec) 

up to 30 30/54(78) 
31-100 30/15(22) 
over 100 30/8(11.5) 

27 
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3. CHARACTERISTICS OF TELEPHONE SERVICE DEMAND 

3.1 Issues 

Before examining the characteristics of telephone service demand, it is important 

to note that call demand can be analyzed in many ways according to factors such as type 

of calls, calling time zone, rate of distance zone, call duration time, purpose of the call, 

etc.. The classification of telephone service demand is of importance in many ways: 

i) It helps in the understanding of call demand. 

ii) It determines the dimension of call demand analysis as a basis of market 

segmentation. 

iii) It offers, guidelines for future accumulation and analysis of data which is 

considered the greatest obstacle in the analysis of telephone service 

demand for Korea (Lee, M., Kim, B. 1992). 

Now, let us turn to the characteristics of telephone service. Until recently, the 

output of a telephone could not be stored. This characteristic has undergone some 

modification with the development of technologies such as voice mail, answering 

machines, etc.. In the case of an unstorable commodity, the dimension of the facilities 

should be determined based on the peak demand. 
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Second, telephone service demand exhibits an externality. I I This suggests that the 

social benefits do not coincide with individual benefits. Consequently, the result of a 

market economy which aims at the maximization of the individual's net benefits does not 

necessarily coincide with the optimal conditions for a society. With respect to demand, 

there are two externalities: a network externalityl2 and a call externality.13 The network 

externality plays an important role in the installment of the telephone and in the 

establishment of the basic monthly rate. Whether to set up a basic monthly rate as 

invariable (a flat rate) or to set up a rate in proportion to the amount of local calls (a 

measured rate), has been an important matter since 1890, the beginning of America's 

telephone service industry. 14 In the beginning, the flat rate was used. Later, the choice of 

the flat rate or the measured rate was given to the consumer (Littlechild, 1979). The call 

externality can be defined in the following manner. There must be a caller (sender) and a 

receiver to make communication possible, and since in most cases rates are charged on 

the callers (senders) only, the receivers enjoy the benefits without paying the expenses. IS 

II Externality means that the behavior of an economic unit affects other economic units. 

12This externality occurs because with the increase of subscribers to a given network, the existing 
subscribers can communicate with more subscribers than before. 

13This externality comes from the fact that the telephone, by its nature, occurs between one-to-one or one
to-many. 

14 The issue in deciding between the two options is whether access price is less than marginal cost. 

ISAn extreme case is a coJlect caJl system in which the receiver pays the charge instead of the sender. In this 
case, the receiver who experiences call externality, communicates by paying the rate. 
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Third. the demand for telecommunication services can be described in two steps 

which include the sUbscription to the communication network and the use of it. These 

characteristics can be an obstacle to the establishment of a telecommunication demand 

model. That is, the estimation of demand for telecommunication service should be 

charged according to whether the subscribers enjoy utility just from subscribing itself or 

the subscribers enjoy utility not from subscribing but from the use of the communication 

network only. Differentiation of subscription from usage has a great impact on the 

establishment of a demand model. 

3.2 Theory 

The theoretical model described below focuses on demand for access and usage as 

suggested by Taylor (1994). Our concern is with a consumer whose potential 

consumption basket consists of two goods. 

Let yi = income of the consumer i 

qi = telephone calls of the consumer i 

ci = composite good that represents all other goods and services of the consumer i 

p = price of a call q 

x = price index of the composite good c 

A = price of telephone access 

N = the population 

N 

S = the number of subscribers to telephone system. ( S = L 0 ) 
1=1 

a i = other factors which influence consumer ils preference except q and c 

Also define 0 as a dichotomous variable such that; 



o I = {I if consumer i is connected to the telephone system 

o otherwise 

We assume that the consumer has a utility function U with qi, ci ,S, and a i
. 

so we can solve optimal choice problem: 

with respect to qi and c i
, and budget constraint is given by 
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(1) 

(2) 

From (2), we derive a demand function for use and access using a two step maximization 

procedure. First, the net benefits from use of the telephone system by an individual are 

calculated conditional on access. Second, the net benefits are compared with the cost of 

access in order to determine whether access will in fact be purchased. 

Step 1: Assume that 0 ,= 1 (conditional access to the telephone system) and find 

iO d iO q an c . 

In order to do this, we set up the Lagrangian 

where A is the Lagrangian multiplier associated with the conditional budget constraint 

iii A pq + xc = y - . 

The first order conditions are: 

aL / aqi = Uq - AP = 0 

aL / aci = Uc - AX = O. 

(3) 

(4) 
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From equations (3) and (4), we can derive the demand functions for calls and other goods. 

(5) 

'. i , , 
C
l = C (p, x, S, yl - A ; (XI). (6) 

Here, the demand functions depend on the number of subscribers, which reflects 

access and call externality and the income is yi - A, rather than yi . 

Step 2: The consumer i's net benefits (consumer's surplus) from using the telephone 

system are compared with the cost of access to the system. Define the inverse demand 

function for calls (obtained by solving equation (5) for p) as follows: 

(7) 

The consumer i's surplus(csi) from making qi calls will given by 

(8) 

If csi is at least as great as the cost of access (csi ~ A) then the consumer will 

subscribe to the system. 16 Thus, 

161f it is found in step 2 that the consumer does subscribe to the system, the conditional analysis in step I 
becomes unconditional. That is, the demand functions for calls on other goods and services in expression 
(5) and (6) are the actual demand functions, However, if step 2 shows that consumers will not subscribe, 

then equations (5) and (6) do not apply. The utility function in (I) will therefore be given by U = U{C
i 

) and 

the budget constraint will be reduced to x ci 
= yi . Therefore, the demand function will be given by 

i i 
C = Y /p. 
There are two reasons to make q = O. 

i) cs i < A (not enough benefit) 
ii) A = 0 (telephone calls are too expensive) 
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{
I if cs i ~ A 

0'= . o if cst < A 
(9) 

Hence, 1) 'is a function ofp, x, S, A and yi. 

NOTE: Because we can never have the entire set of variables which enter into the 

consumer surplus function, and because individuals' have some inherent randomness, we 

must view cs as a random variable. Consequently, we can only make a probabilistic 

statement as to whether he/she will access the phone system. That is, 

Prob(csi
= rgi(Z,X,S,yi - A; a i )dz - pqi ~A I observable variables) 

= Prob (access phone) 

Since p, x, S, A are independent of i, 1) I will vary across individual consumers in 

the popUlation either because of differences in preference or because of differences in 

N 

income. Since S = L 8 i and since 0 ' depends on the value of csi - A, S will depend on 
;=1 

the distribution of csi - A, and csi - A will depend on the distribution of income. In 

. i 
particular, for given N, with cs', S will be determined by the probability that cs is greater 

than A, which is 

P(csi > A) = 1 - F(A) 

(10) 

where f(csi) and F(csi
) are the pdf and cdfofcsi, respectively. 
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Now, let h(yi) be a density function of l From equation (8) by solving it for yi, 

we can get yi(cSi) which describes yi as a function of csi. Then, using the formula for a 

change in variable, f(csi) will be related to h(yi) according to f(csi)=h[yi(csi)]: 

Let P(csi > A) = p[yi > y·(A)]I7 

• = 1 - H[y (A)] 

r'(A) . . 
= 1 -.h h(y·) dy· . (11) 

Given N, SIN (the proportion of the population having access to the telephone 

system) and preferences are homogeneous, then SIN is the same as equation (11). That 

is, 

(12) 

The expression described by equation (12) is a discrete choice model. 

So far, demand for access and demand for use by the individual conswner have 

been discussed. Since data is generally only available in aggregate measures, we 

aggregate across individuals asswning that preferences are homogenous .. 

N N 
Let Q = Lqi, y= Lyi and h be the density function for income. ls Then the 

i=\ i=\ 

demand function for use can be expressed as: 

• • • 
17Equivalently, when solve to H [y (A)] = F(A) is solved for y in tenns of A, we can find y (A). 

ISQ denotes the total number of calls that are made by system subscribers. 
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Q = Q(P, x, A, S, Y ; h) (13) 

while 8' depends on csi, and csi depends on p, x, A, S, yi, The penetration ratio can be 

expressed as 

SIN = k(p, x, A, S,Y; h) (14) 

Equations (13) and (14) represent the general form (model) of telephone demand 

by residential consumers and represent the aggregate demand for use and the aggregate 

demand for access to the system, respectively, 
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4. LITERATURE REVIEW 

4.1 NORTH AMERICAN STUDIES 

4.1.1 Older studies - a brief comment 

Telephone demand analyses have been almost exclusively concerned with 

measurement of price elasticities that could be used to forecast the impact of changes to 

the level and structure of rates on revenues. Price elasticities were recognized as being 

non-zero and that by not taking them into account analysts would make serious forecasts 

errors. 

The Bell Journal of Economics published a series of papers by ArtIe and A verous 

(1973), Rohlfs (1974), and Squire (1973) which analyze the problems associated with 

modeling telephone demand. ArtIe and A verous consider a population consisting of N

individuals in a group, because each individual will converse once with every other 

individual either by telephone or face-to-face. They make two important contributions: 

(1) the public-good aspect of a telephone network is clearly demonstrated and (2) the 

access/no access decision is formulated in a way that allows conventional calculus 

methods to derive the optimal size of the telephone system. Their work is limited 

because the focus is on the optimal size of the system rather than on individual demand, 

and their assumptions about communication are very strict. Rohlfs, was also concerned 

with the equilibrium number of telephones in a population, but he gave greater attention 
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to the demand component. Rohlfs made the following contributions to the development 

of analyzing telephone demand: he used the equilibrium set to determine the equilibrium 

number of telephone in a population and approached the demand function for access to 

the telephone network by evaluating with and without access and determined access 

demanded by comparing resulting levels of utility. Rohlfs' analysis has limitations, too. 

He does not distinguish between access and use and thus he only employs an access price. 

Squire's analysis relates the demand for access to the demand for use in a consumer's 

surplus framework. It provides insights into the nature of access and call externalities. It 

also identifies the dependence of the demand for access on the benefits conferred by use 

of the telephone system. These three authors have introduced a variety of improvements 

in modeling of telephone service demand. 

There are three categories of telephone service demands: local service, toll call 

and access. The local service demand analysis provides an extremely versatile structure 

that allows for the modeling of a wide variety of demands. These demands range from 

local service to demands for new products. 

During the 1980's three important innovations contributed to the modeling of toll 

call demand. The first innovation deals with the refinement of the concept of market size. 

The second was based on the specification of models on a point-to-point (route-specific) 

basis, and the last was an estimation of random-coefficients models. Until 1980, the 

focus was almost exclusively on toll call demand because those data were readily 

available and forecasting price effects on toll call demand meant potential profits. By 
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1980, past toll to local subsidies in the telephone industry were becoming less feasible 

because of competition in the toll market. Telephone companies were going to have to 

collect greater amounts of revenue from local markets by increasing access charges or by 

instituting local measured-service. This raised fears that the higher rates would cause 

many households to give up telephones and that new households would not even install 

telephones at all. By 1980, the focus shifted from toll demand to access demand (in 

particular residential access demand). 

Since access demand is a binary choice demand, quantal choice models of the 

probitllogit type are extremely useful for its analysis. The probit model (normal 

distribution) and logit model (logistic or Weibull distribution) can be alternately derived 

in a random utility framework. Therefore, as attention has turned to access demand, 

quantal choice models have enjoyed wide spread use. 

4.1.2 Residential access demalld 

Several groups have studied on the demand for access to the telephone network 

by households in the past. In our case, four studies have taken a detailed look into the 

telephone network by households: Lewis Perl (1983), Train, McFadden, and Ben-Akiva 

(1987) Bodnar, Dilworth, and Iacono (1988), and Taylor and Kridel (1990)19. 

Perl originally did a study for AT&T in 1975 and revised it in 1978. The 1978 

study was used to forecast the effect of price changes on residential telephone demand 

19They finished this study in 1985 but it was not published until 1990. 
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and was presented as an exhibit in the then on-going antitrust case against AT&T. The 

changes in structure of telephone services, since 1978, has brought about legitimate 

skepticism on the accuracy of models forecasting the effect of price changes in 1980 

which led Perl to update his 1978 model. Perl was approached in 1983 by Bell 

Operating Companies because they were concerned that certain socio-demographic 

groups (low income, elderly, black, etc.) would leave the network. Perl's purpose was 

to discover who and how many would leave the network if the price increases. 

There are five key aspect of Perl's 1983 model which differs from his 1978 

model. First, his 1983 model is based on 1980 census data (the 1978 model used 1970 

census data). Secondly, prices in his 1983 model were based on data for 7,260 exchanges 

compared to his 1978 model in which he used data for 100 Bell Systems Revenue 

Accounting Offices (RAOs). Thirdly, his 1983 model included both flat and measured 

rate service compared with the 1978 model which included only a single minimum access 

price. In addition, the 1983 model relates access demand to the size of the local calling 

area, however, the 1978 model did not explore this relationship. Finally, the model 

includes some characteristics that were not present in his earlier works. See Table (7) and 

(8) for comparison purposes. 

Data for Perl's 1983 access demand model consisted of 80,428 households from 

the 1980 Census. These data indicated whether or not a household subscribed to 

telephone service, its socio-economic characteristics and assigned each household to one 
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of 1,154 geographic areas (cities, counties, or county groups that contain at least 100,000 

households). 

Perl estimated the pnce at which telephone service was available in each 

geographic area with the exchange specific rate provide by Bell Operating Companies. 

A maximum likelihood logit model was then used to estimate an equation relating the 

probability of a household subscribing to telephone service to price and to the household 

socio-economic characteristics. The determinants of demand are grouped into three 

areas: prices, economic demographics and area characteristics. Perl examined four 

components of telephone price: monthly service charge for one-party flat rate service; 

the monthly service charge for one-party measured rate service; and calling price for one

party measured rate service; and the installation charge. The model is also structured to 

accommodate three rate areas: areas with only flat rate service; areas with both flat and 

measured rates available to all subscribers; and those offering only flat rate service to 

some subscriber's and offering both flat and measured rate service to others. The model's 

structure allow the effect of the flat rate service price to be different in areas where one 

rate option and measured rate service is offered. Perl found that increasing access prices 

will have a smaller effect on access demand than indicated by his earlier study primarily 

due to the massive increase in demand for telephone service between 1970 and 1980. 

His 1983 model confirmed the supposition implicit in the 1978 model that access demand 

is primarily a function of minimum rather than average access charges. Table (7) shows 

the results of Perl' 1983 analysis. In table (8) the 1978 results are presented. 
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TABLE 7 

1983 NERA TELEPHONE ACCESS DEMAND EQUATION: 
PARAMETER AND MEAN VALUES OF VARIABLES 

1980 Mean 
Unit Values· Coefficient·· t-Statistic 

Intercept -0.8125 9.54 
Price Variables 
Flat Rate Price (Flat Rate Area only) Dollars 9.051 -0.0492 4.46 
Flat Rate Price (Measured Rate Area only) Dollars 9.679 -0.0175 2.5 
Measured Rate Access Price Dollars 5.695 -0.0414 2.13 
Measured Rate Calling Price Dollars 0.096 -1.7179 1.92 
Installation Price Dollars 28.304 -0.0034 1.25 
Proportion With Measured Rate Service Decimal 0.543 0.1526 0.82 
HQl!s!:hQld ~bar!!!,;t!:risti!';5 
Household Income $1,000 20.206 0.1296 20.83 
Household Income Squared $1,000,000 621.151 -0.0011 13.67 
Age of Householder Years 47.156 0.0446 26.31 
Income· Age $1,000-Yrs. 917.958 -0.0003 2.55 
Education of Householder Years 12.125 0.1489 26.52 
Race of Householder Indicator 0.102 -0.5133 11.24 
Employment Status Indicator 0.697 0.3874 9.29 
Persons in Household Number 2.764 -0.0503 3.26 
Proportion Less Than 6 Decimal 0.07 -0.7417 6.29 
Proportion 6-12 Decimal 0.061 0.4242 2.86 
Proportion 65+ Decimal 0.042 1.3412 6.61 
Language Other than English Spoken Indicator 0.103 -0.392 7.07 
English Spoken Poorly Or Not At All Indicator 0.Dl8 -0.1477 1.5 
Family Household, No Wife Present Indicator 0.025 -0.8722 10.18 
Family Household, No Husband Present Indicator 0.102 0.1162 2.06 
Non family Household, Male Householder Indicator 0.107 -1.2436 22.36 
Non family Household, 
Female House No Wife Present Indicator 0.152 0.1453 2.2 

Ar!:!! Cb!!f!l!';Wistics 
Nonfarm Area Indicator 0.827 0.1096 2.51 
South Indicator 0.328 -0.3588 8.2 
Phone Density 1 (I -100) Indicator 0.336 -0.2047 3.43 
Phone Density 4 (I,000-2,500) Indicator 0.12 0.2516 3.4 
phone Density 5 (2,501-5,000) Indicator 0.083 -0.2189 2.61 
Phone Density 6 (5,001+) Indicator 0.034 -0.3344 3.67 
Number of Subscribers in Local Calling In-l,OOO 4.693 0.099 4.91 
Area (In Natural Logs) 
Number of Observations 71,979 71,979 

R2 0.099 



I. The mean Values are the means for the sample used to estimated this equation. i.e .• for the 71.979 households 

for which rate data were available. 

2. Coefficients measure the change in the natural log of the odds of a household having a telephone 

for a I unit change in the variable. 

3. The t-statistics is the ratio of the coefficient to its standard error. Since parameter estimates are normally distributed. 

these t-statistics can be used to test hypotheses about the true value of each coefficient. 

4. Rate = I if the householder is black. and 0 otherwise. 

5. Employment = 0 if the householder is unemployed or not in the labor force and I othernise. 

6. The ranges for the phone density indicators are in numbers of mains per square mile. 

The range 10 I-I 000 phones per square mile is the reference group. 

Source: Perl (1983) 

TABLES 

1978 NERA TELEPHONE ACCESS DEMAND EQUATION: 
PARAMETERS AND MEAN VALUES OF V ARlABLES 

1970 Mean 
Unit Values • Coefficient·· t-Statistic 

Intercept 4.11 -0.9101 
Price variables 
Flat Rate Price (Flat Rate Area only) Dollars 
Flat Rate Price (Measured Rate Area only) Dollars 11.907 -0.0624 5.37 
Measured Rate Access Price Dollars 
Measured Rate Calling Price Dollars 
Installation Price Dollars 15.566 -0.0105 2.21 
Proportion With Measured Rate Service Decimal 0.348 -0.2425 5.25 

I:IQlHi~bQld Cba[a~t~ri5ti~5 
Household Income $1,000 18.781 0.1296 20.83 
Household Income Squared $1,000,000 582.997 
Age of Householder Years 48.203 0.035 19.14 
Income· Age $1,000-Yrs. 872.925 -0.0003 2.36 
Education of Householder Years 11.96 0.1164 22.1 
Race of Householder Indicator 0.097 -0.5953 13.23 
Employment Status Indicator 0.736 0.2337 5.07 
Persons in Household Number 3.11 -0.0486 4.12 
Proportion Less Than 6 Decimal NA 

Proportion 6-12 Decimal NA 
Proportion 65+ Decimal NA 
Language Other than English Spoken Indicator NA 
English Spoken Poorly Or Not At All Indicator NA 
Family Household, No Wife Present Indicator 0.025 -0.6235 6.32 
Family Household, No Husband Present Indicator 
Non family Household, Male Householder Indicator 0.073 -1.29 22.09 
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Non family Household, 
Female House No Wife Present Indicator 

A[~a ~ham~t~[i:iti!<5 
Nonfarm Area Indicator 
South Indicator 
Phone Density 1 (I - I 00) Indicator 
Phone Density 4 (1,000-2,500) Indicator 
phone Density 5 (2,501-5,000) Indicator 
Phone Density 6 (5,001 +) Indicator 
Number of Subscribers in Local Calling In-l,OOO 
Area (In Natural Logs) 
Number of Observations 
R2 

NA - Not available 

0.124 

0.805 
0.303 
NA 
NA 
NA 
NA 
NA 

-0.19 

0.3551 
-0.348 

63.444 

3. I 

7.64 
7.62 

36.703 

0.146 

I. The mean demographic valucs are the means for the entire sample, including householdssing only those households for 

which rate data werc not available, whereas the model was estimated using only those households for which rate data were 

available. 

2. Coefficients measure the change in the natural log of the odds of a household having a telephone for a 1 unit change in the 

variable. The coefficients of price and income variables have been adjusted for inOation to make them comparable with the 

new model. 

3. The t-statistics is the ratio of the coefficient to its standard error. Since parameter estimates are nonnally distributed, 

these t-statistics can be used to test hypotheses about the true value of each coefficient 

4. In the 1978 model, the access price was an estimate of the lowest available rate prevailing in each of the areas sampled. 

Where measured rate service was avilable, these estimates were based on rate data which included SOI1lC people subscribing to 

measured rate service. 

S Race = 1 if the householder is black, and 0 otherwise. 

6. Employment = 0 if the householder is unemployed or not in the labor force and I otherwise. 

7. The ranges for the phone density indicators are in numbers of mains per square mile. The range 10 1-1000 phones per square 

mile is the reference group. 

Source: Perl (1978) 
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The demand also depends on local calling prices and even at very low access 

prices, some households will still not subscribe to telephone service unless they can make 

a large volume of calls at this low price. There has been a noticeable lowering of income 

related differences in telephone penetration from 1970 to 1980. 
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Nevertheless, the disparity in penetration between the lowest and highest income 

households is significant and will widen if prices increase markedly (pp.2S). Finally, the 

market for telephone service is characterized by an externality. The value of telephone 

services increases as the number of subscribers on the network increases. 

In early 1984, Southwestern Bell, prompted by two concerns of Perl's study, 

sponsored the study of Taylor and Kridel (TK 1990). TK's first concern dealt with the 

fact that the socio-demographic detail of the Perl model was not specific enough for the 

Southwestern customers. Their second concern was related to the matching of rates with 

households in rural areas. Even though Perl's probitflogit model estimated data for 

80,000 households from the public use sample of 1983, TK found several problems with 

nondisclosure. The Census disclosed only places of residences of 100,000 or more. In 

virtually all cases, areas of 100,000 or more contain more than one wire center. It was 

impossible in the public use sample to get an accurate matching of households with rates 

since the rate data refers to wire centers. TK believe that even though this may be 

unimportant when the focus is national, problems emerge when attention is paid to 

specific socio-demographic groups and areas. TK's solution to Perl's procedure is to use 

the data aggregated to the level of the census tract. The census tract provides a better 

match between rates and place of residence than is possible using data for individual 

households. Even though aggregation leads to loss of information, TK maintain that the 

census tracts are sufficiently diverse in income levels and socio-demographic 
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characteristics that the parameters of most interest can be isolated. Their main purpose 

was to quantify the impact of higher access charges on development. 

TK's data set consisted of 8,423 census tracts in five states (Arkansas, Kansas, 

Missouri, Oklahoma, and Texas) served by Southwestern Bell. They used an updated 

version of Perl's probitl logit model. TK took into account the variation of income 

across individuals within a census tract and settled on a model in which the full 

distribution of income is taken into account. The estimated coefficients are given in 

Table (9). The t-ratios are well in excess of two, except for the constant. Mileage has the 

smallest t-ratio (3.8), while Spanish household's had the largest (24.9). TK got the 

expected result of having a positive sign for income and a negative one for price 

parameters. They also showed the predicted effect on development of a doubling of flat 

rate and measured-rate access charges in each of the five states served by Southwestern 

Bell.2o Their results corroborated existing views regarding the price elasticity for 

residential access demand. TK's elasticity was measured at a base penetration rate of 

92.5% for a 100% price increase. Although Perl's findings (-0.032 price elasticity) 

confirmed the importance of socio-demographic factors, TK believe that their estimate of 

price elasticity (-0.037) and model provides a better vehicle for quantifying specific 

effects. 

2oFor a more detailed description see Taylor and Kridel (TK), 1990. 
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In a similar study for Canada, Bodnar, Dilworth, and Iacono (BDI, 1988) tried to 

identify the relationship between Canadian residential phone subscription, local access 

prices and socio-economic and demographic attributes for Bell Canada21 through a cross-

sectional, household level, logit model. BDI use a sample of 34,000 Canadian 

households from Statistics Canada's 1985 Household Income Facilities and Equipment 

(HIFE) micro data file. 

BDI began the model development process by reviewing existing residence 

subscriber studies, analyses, model specification, model estimation and evaluation, and 

model refinement. They also reviewed existing the binary choice analysis of residential 

telephone subscriptions. The principles and knowledge gained from these analyses were 

used to select explanatory factors that would appear to affect household demand for 

access service in Canada. The relationships were empirically tested using a binary logit 

model and throughout the modeling process, various statistical criteria were used to 

distinguish between alternative specifications. Assessing the predictive ability of the 

models was an important part of the evaluation process. There was a less than 0.5% 

deviation in penetration rates in all the provinces. The prediction test results for various 

segments (i.e. income, etc.,) showed that predicted penetration were within 0.5% of the 

observed penetration rates. An ex post analysis was used to analyze the model's 

predictive ability. 

21The result of these studies are not directly applicable to Canada, eventhough the demand for residential 
access service is similar in Canada and the US according to BDI. 



TABLE 9 

COEFFICIENT ESTIMATES FOR TK STUDY( 1990) 

Variable Coefficient t-Statistic 
Constant 0.43 l.2 
INCOME 0.98 19 
PRICE OF LOCAL MINUTE -6.87 
PRICE OF ACCESS -1.00 
RENTER -1.56 14.3 
RURAL -0.82 19 
BLACK -1.18 12.9 
SPANISH -2.78 24.9 
AMINDIAN -7.38 14.2 
IMMOB 0.51 4.7 
AVGAGE 0.05 9.9 
MILAGE -0.45 3.8 
EMP 2.88 14.3 
LINES 0.37 4.8 
AVESZHH 0.55 10.3 
Nuisance Variance 5.6 

R squared = 0.420 
* The R-squared is calculated as the square ofthe correlation between the 
actual and predicted values for F . 

RENTER 
RURAL 
BLACK 

% of census tract that rents home 
% of census tract that is rural 
% of census tract that is black 

SPANISH = % of census tract of hispanic origin 
AMINDIAN = % of census tract that is American Indian 
IMMOB = % of census tract that has not moved since 1975 
A VGAGE = average age of population of census tract 
MILAGE = % of census tract that pays a local-loop mileage charge 
EMP = % of census tract that suffered no employment in 1979 
LINES = number of lines that can be reached in "local-calling area" 
A VESZHH = average number of people per household in census tract 

Source:Taylor and Kridel (1990, Table I) 
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The prIce elasticity for Canada as a whole, calculated at 1985 predicted 

penetration rates and prices, were estimated to be -0.009. The elasticity varies from -

0.03 for the province of New Brunswick to -0.005 for the province of Ontario. The size 

of the price elasticity decreases in absolute value with size of urban area, age, and 

income. The elasticity for Canadian household in cities of 500,000 or more is only half 

the elasticity for households living in rural areas (-0.007 vs. -0.014). It is clear that the 

young, low income, rural Canadian households would be most affected by rate 

adjustments. Ceteris paribus, the probability of subscribing to residence across service is 

inversely related to household 

income, age, and education of the household head. Single males are less likely to 

subscribe to telephone service. 

The fourth study was made by Train, McFadden, and Ben-Akiva (TMB) in 1987 

was for an eastern US Bell operating company. Their primary focus was the calculation 

of elasticities of demand for each local service option number of calls, average duration 

and revenues with respect to the fixed monthly charge and usage charge for calling under 

each option. 

TMB performed random estimations on selected subsets of household's calling 

patterns by using a nested logit model. They calculated the elasticities of demand for 

each local service option, the number of calls, average duration of calls with respect to 

usage charges for households subscribing to measured service. 
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TMB used a nested logit model designed to handle interrelated choice situations. 

TMB extended the previous empirical work (Alleman, 1977; Mitchell 1978; Pavarini, 

1979; Wilkinson, 1983; Park, Wetzel, and Mitchell, 1983; Park, et. aI., 1983) by allowing 

for voluntary choice of service, a wider variety of service options, and a more detailed de

lineation of households' calling patterns which includes the number and average duration 

of calls during time per day and destination zone. 

TMB found that increasing the fixed charge for each service affects the number of 

calls made by a household in the 'expected' ways. An increase in the fixed charge of 

measured service shifts consumers to flat rate services, under which customers make 

more calls, since the measured price is lower. Conversely, increasing the fixed charge of 

flat rate service induces consumers to switch to measured service, which will decrease the 

amount of calling. 

4.1.3 LOllg distallce (toll) calls 

Competition in the toll market caused long-distance carriers to become 

increasingly possessive about price elasticity measures. The long-distance carriers 

viewed the elasticities as company secrets, only to be revealed in regulatory proceedings 

on a proprietary basis. Since 1980, AT&T results no longer find their way into the open 

literature. Two exceptions to this case are Gatto, Kelejian, and Stephan (1988) and Gatto, 

Langin-Hooper, Robinson and Tryan (1988), but the data were highly aggregated and 

camouflaged as to state. (Taylor 1994) 
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Larson, Leiunan, and Weisman (LL W, 1990) of Southwestern Bell were the first 

to construct a model based on the implicit agreement that if one party calls another, the 

other feels obligated to initiate or reciprocate the next call. This is one of the unique 

characteristics that differentiates telecommunications demand analysis from most other 

demand analysis. 

LL W used city-pair data from Southwestern Bell's service data (a quarterly time

series) to estimate their model for nine cities. Each pair was defined as a larger and 

smaller city. The models for the nine cities were estimated with pooled data by two-stage 

least-squares. LL W believes that a proper specification for point-to-point MTS (footnote 

page 301) demand equation should include reverse traffic as an endogenous variable in 

each respective equation's structure. LL W believes that under the reciprocity hypothesis, 

the coefficient on the reverse traffic variable should be positive and under the infonnation 

content hypothesis the coefficient should be negative. The empirical results for reduced 

form elasticities are -0.75 for price and about 0.5 for income.22 

LL W believe that previous point-to-point research may not have been analyzed 

correctly due to the omission of a reverse traffic aggressor in the demand function, thus 

leading to a biased measure of price elasticities. They believe that if further empirical 

data confirms this, it could have major policy implications and the inclusion of the 

reverse traffic regressor would reveal possible reciprocal calling patterns. 

22 Full details of the elasticities for routes are given in LL W( 1990) 
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Appelbe et. al. (ASDFG, 1988) describe in detail new econometric models of 

demand for customer-dialed message toll service between Telecom Canada member 

companies in Canada and from Canada to the US. The purpose of these models has been 

to evaluate the revenue impacts of proposed tariff changes by one or more member 

companies. 

ASDFG based their study on the point-to-point modeling of traffic flows between 

companies and/or regions. Six company groupings for the Canada-Canada models are 

pooled to represent short, medium, and long haul (long distance phone) traffic for 

customer-dialed full-rate and discount rate message toll service. Four groupings of 

Canada-US models represented the customer dialed short and long haul traffic for full 

rate and discount rate periods. Pooled time-series/cross sectional estimate is used to 

estimate these models. One model analyzes the interprovincial toll traffic and the other 

analyzes calling between Canada and the US Like LL W, these models allow for the 

influence of reverse traffic. 

ASDFG concluded that the overall results show that demand is inelastic to all six 

service categories modeled. These bi-directional price elasticities increase as the average 

mile in the company groupings increase and that the full rate elasticities are smaller than 

the discount rate elasticities. The statistically significant reciprocal calling coefficients 

for these models suggest that callback is an important determinant of demand. ASDFG's 

study confirms that demand for Telecom toll calls is inelastic. The study also establishes 

and quantifies the reciprocal calling effect and the associated concepts of uni-directional 
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and bi-directional elasticities. ASDFG discovered that a unilateral rate change will result 

in curtailment of both directions on a route, compared to a two way rate change. The 

results of price elasticities, when reverse traffic is taken into account, are range from -

0.21 to -0.48 for full rate uni-directional, from -0.39 to -0.49 for discount rate uni-

directional, from -0.36 to -0.73 for full rate bi-directional, and from -0.59 to -0.75 for 

discount rate bi-directional. The income elasticities are less than one in all of the models. 

Gatto, et aI., (GLRT, 1988), developed and utilized a model of interstate switched 

access demand by AT&T.23 Following the breakup of the Bell System in 1984, the 

Federal Communications Commission (FCC) adopted a system of tariff charges that were 

to be paid to local exchange carriers by business and residential phone subscribers and 

interchange carrier such as AT&T. Subscriber Line Charges (flat rate fees) were imposed 

on phone subscribers (Common Carrier Lines/CCL), while usage based charges were 

billed to interchange carriers (Traffic Sensitive ratesITS). Forecasts of switched access 

demand are required to set CCL and TS rates. 

GLRT discussed the formulation of a state-level pooled cross-sectional time-series 

polynomial distributed lag economic model of interstate switched access demand by 

using data from local exchange companies (LECs). The model uses conceptually sound 

and historically accurate standard econometric techniques to analyze CCL data. The 

model relates minutes of use (MOU) of interstate switched access to the price of MOU, 

23 They present an econometric model of interstate switched access demand developed and utilized by 
AT&T to produce forecasts of 1988 demand in connection with th Annual 1988 Access Tariff Filing. 
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income level, population and the price of all other goods measured by the CPI. Variables 

or adjustments which shows the effect that regulatory and structural changes on demand 

for CCL are included in the model. 

The long run price elasticity is estimated to be -0.723 and the income elasticities 

is 0.827. These estimates are statistically significant. As with most of the state-specific 

coefficients on the W ATS direct assignment variable, all the state-specific intercepts are 

highly significant. 

4.2 KOREAN STUDIES 

In Korean studies, government and business enterprises have traditionally focused 

on demand analysis for telephone business and studied price elasticity in order to 

determine how revenue is affected by the structure and level of service charges. Korea 

Telecom (KT), Electronics and Telecommunications Research Institute (ETRI), and 

Korea Information Society Development Institute (KISDI) are three institutions that have 

done research on the demand for telegraphic and telephone communications in Korea. 

After the mid-1980's, a few results were reported about the demand for telephone usage. 

These results were limited, however, because there was insufficient data accumulated, 

and the system and techniques of service were constantly changing. 

A preliminary study (KT, 1984) uses the monthly data from January 1980 to 

October 1983 in order to predict telephone service, demand and revenue. The telephone 

demand function is estimated by separating the dependent variable into total number of 
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calls, number of local calls, Direct Distance Dialing (ODD) calls and considering 

independent variables such as number of subscribers and the rate level. 

The KT (1984) study has been used to predict the revenue and the demand for 

Korea Telecom. According to this data, when call rate per frequency decreases by 1 %, 

total frequency increases by 0.201 %, DOD call frequency increases by 0.262%, and local 

call shows no change. However, this study is unreliable due to the low number of 

observations and the assumption of a two-month time difference between price and call. 

A related study (ETRI, 1985) estimates the telephone demand function using 

yearly data between 1972 and 1983. The data are separated into three factors: total call, 

local call and ODD call. First, the elasticity between income and price of total call and 

long distance call is analyzed. Then the function is estimated on the basis of the price 

elasticity of local calls and the proportion of local calls to total calls.24 Similar to the 

previous study, the result shows that number of calls is a function of the number of 

subscribers and the price of call. According to this study, when price per call decreases 

by 1 %, number of total calls increases by 0.397%, the number of ODD calls increases by 

0.515%, and the number of local calls increases by 0.184%. 

A third study (ETRI, 1989), based on quarterly data between 1985 and 1988, 

estimates the elasticity of call demand to improve the call demand system. This study 

analyzes the effects of such factors as the price of a call, income and subscribers on the 

24The reason for this approach is that a proper pattern could be derived by regression analysis using the 
statistical data given 
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call demand for both local and long distance calls using an econometric approach. This 

study assumes that the call demand for telephone service depends on the real price of call 

for service, number of subscribers, level of real income, and real consumption 

expenditure. The real price level is calculated as the division of the nominal price level, 

including telephone service tax, by the consumer price index (CPI). The number of 

subscribers is a weighted average of the number from the previous quarter and the current 

one. As a proxy for the real income level, consumption expenditure and urban worker 

income have been used in this study. A deflated CPI has been used for the former, and 

constant price data has been used for the latter. The elasticity estimates are shown in 

Table 10. 

TABLE 10 

ELASTICITY FOR ETRI STUDY (1989) 

Price 

Local -0.28 (-1.39) 
Long Distance -0.37 (-1.76) 

( ): t-statistics 

Income 

0.21 (0.62) 
0.88 (3.02) 

Source: Estimation of call demand elasticity, ETRI, 1989 

Subscriber 

0.81 (5.76) 
0.64 (2.13) 

R-square 

0.98 
0.99 

In the case of local call demand, the call demand function has been estimated by 

using number of calls as the dependent variable. According to this study, the subscriber 

elasticity of local (long distance) call is 0.81(0.64), price elasticity is -0.28(-0.37), and 
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income elasticity is 2.21 (0.88). However, the call demand function does not show any 

significance in the case of local call income elasticity. 

A different emphasis is provided by a KlSOI study (Chung, 1990)25. Utilizing 

quarterly data between 1984 and 1989, this study considers the price of a call, number of 

subscribers, and income as independent variables. Taking the technical and systematic 

aspects of automation into account, as well as rate adjustment, this study estimates both 

the demand adjustment period of users as well as long/short term elasticity. In this study, 

the dependent variable was defined as total call minutes (DOD), thus taking into account 

the duration of calls. The study then tries to capture the effects of automation on call 

demand by examining different types of calls. However, in the case of a local calls, data 

for the duration of calls was not available; the demand function was estimated 

considering only the number of calls. When estimating the demand function for long 

distance calls by the calling method, Chung notice that the automation rate is statistically 

significant. On the other hand, when the calls include both manually operated and 

automatically operated systems, there is no statistical significance. Thus, the effects of 

automation contributed mostly to the replacement of the calling method, and did not 

contribute to an increase in calling. However, considering the occurrence of both 

automation and the expansion of calling distance zone, Chung finds that automation 

contributed to an increase in calls, as much as the decrease in long distance calls 

25When considering long distance calls, both number of calls and duration of calls are considered. 
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accompanied by the expansion of the calling distance zone. When Chung estimated the 

elasticity of price and income based on the long distance call method and types of calls, 

Chung discovered that the demand for calls is mostly affected by income, and the number 

of calls, by price. The price elasticity of local calls has not been estimated clearly. 

However, the price elasticity of local calls was found to be non-zero. According to 

estimation results, long/short term elasticity and the average adjustment period are shown 

in Table 11: 

TABLE 11 

THE LONG/SHORT TERM ELASTICITY AND AVERAGE ADJUSTMENT PERIOD 

Price Elasticity 
Short Long 

Number of DOD calls for Subscn'ber - (I) -0.39 -0.57 
(I) + Number of manual calls -0.33 -0.49 
Number of total DOD calls -0.42 -0.56 
Number oftotallong distance calls -0.36 -0.5\ 
Number of DOD calls for Subscriber· -- (2) -0.39 -0.62 
(2) + Number of manual calls· -0.35 -0.63 
Number oftotal DOD calls· -0.43 -0.72 
Number of total long distance calls· -0.38 -0.64 

ai = I - kl where kl is coefficient of one quarter lagged dependent variables. 

AAP (average adjustment period) = (I • n) I al 

.: Included duration of calls 

CoeffICient of Average 
Income Elasticity Adjustment Adjustment 
Short Long (a') Period (AAP) 

0.55 0.80 
0.67 1.00 
0.50 0.67 
0.67 0.94 
0.62 1.05 
0.6\ 1.05 
0.64 1.07 
0.75 1.27 

0.69 
0.67 
0.75 
0.71 
0.59 
0.55 
0.60 
0.59 

0.45 
0.49 
0.33 
0.41 
0.69 
0.82 
0.67 
0.69 

Another approach is offered by Yu (1991) who focuses on the different types of 

rate systems. This study seeks a reasonable plan for implementing a single rate system in 

Korea, by estimating the number of calls between 146 calling ranges. In Yu's model, the 

number of calls between calling ranges serves as the dependent variable, and distance 

between calling ranges and the population of each calling range serve as independent 
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variables. Data for the number of calls have been randomly sampled from 146 calling 

ranges during the month of May, 1990. Yu considers the relationship between distance 

and the number of calls. As distance increases, the number of calls regularly decreases; 

the number of calls drastically decrease at the boundaries of 30 km, 50 km, and 100 km 

where rates change. 

The elasticity of call demand with respect to the rate changes was also estimated. 

As for the model of call demand, Yu uses the number of calls before the rate increase, 

and the number of calls after the rate increase. That is, the model of call demand is 

where: 

log (traffic) = f(O-pop, D-pop, dist, dl, d2, d3) 

traffic: number of calls 
O-pop : nwnoer of people in sending place 
D-pop : number of people in receiving place 
dist : distance between sending place and receiving place 
d 1 = 1 : within 30km rate level 
d 1 = 0: out of within 30km rate level 
d 1 = 1 : between 30km and 50km rate level 
d 1 = 0: out of between 30km and SOlan rate level 
d 1 = 1 : between 50km and 100lan rate level 
d 1 = 0 : out of between 50km and 100lan rate level. 

In order to calculate a price elasticity, Yu sets up four different models on the basis of 

each rate level. For example, suppose the price of a call for 3 minutes changes from 

1,000 won to 800 won. Then, the number of calls is calculated from the equation setting 

the dummy variables according to the respective calling rate level. In this case, for 1,000 

won he set the dummy variables for the over the 100lan rate level, and for 800 won he set 
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the dummy variables for the level between 50km and 100km.26 In the case of a newly 

changed area where the local rate system was enforced instead of the long distance 

system, the price elasticity of the area under consideration has been estimated by 

calculating the price elasticity of each area. Table (12) shows price elasticities which 

represent the changes in call demand. 

TABLE 12 

PRICE ElASTICITY FOR YU, WAN'S STUDY 

Unit: Won 
Price before Change Price after Change Price Elasticity 

1,000 800 -2.39 
1,000 400 -0.58 
1,000 100 -0.11 
1,000 35 -0.08 
800 400 -0.7 
800 100 -0.13 
800 35 -0.09 
400 100 -0.26 
400 35 -0.13 
100 35 -0.17 
25 35 -0.24 

Source: Yu, Wan, 1991 

The number of subscribers is included as an independent variable throughout the 

first three studies. In the studies of KT (1984) and ETRI (1989), elasticity of call demand 

26 Price of a call for 3 minutes were 1,000 won and 800 won for over the 100km and between 50km and 
100km, respectively at this time. 
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is less than unity, suggesting that an increase in the number of subscribers contributes to 

an increase in total call demand, but a decrease in the number of calls per subscribers. 

However, in the case ofDDD calls in the second study, the elasticity of the subscribers is 

greater than unity. As for the price elasticity of calls, the first study estimates an 

elasticity which is nearly zero, but ETRI (1985) and ETRI (1989) show relatively greater 

elasticities of about -0.2 to -0.3. However, the first three studies and Yu (1991) do not 

consider the duration of calls, when measuring the dependent variable. 

The first three studies were completed during the expansion of the automation 

area, so they do not consider the effects of automation on that area. In contrast, the 

KISDI study (Chung, 1990) contributes to the estimation of the cal! demand function by 

considering the effects of automation. However, the study does not estimate a local call 

price elasticity. 

The final two studies deal with the establishment of an econometric model for 

telecommunications analysis. The first study, ( KISDI, Lee and Cho, 1991),27 is different 

from the previous ones in that it stresses methodological discussions and is based on a 

survey of the subscribers who actually use the telephone. In order to establish an 

econometric model for the estimation of call demand this study uses a survey of 400 

households in the Seoul area, with special consideration for residential telephone 

SUbscription. On the basis of the micro data of each household, they estimate the local-

27This is an interim report ofa two year study. 
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call demand function, the long-distance call demand function, and the total-call demand 

function. When the expenditure of local call for a month (Yt) is the independent variable, 

they use the expenditure of long distance call for a month (Y2) as a dependent variable, 

and vice versa.28 They also include income level, number of telephones and socio

demographic data as independent variables in both equations. This study uses OLS 

regression to estimate the functions, with the adoption of a Double-logarithm function. 

Results indicate that the income elasticity for the expenditure of the local call rate 

is -0.285, the income elasticity for the expenditure of the long distance call rate is 0.528, 

and the income elasticity for the expenditure of the total call rate is 0.375. There seems to 

be a complementary goods relationship between the local call and the long distance call. 

However, it is not clear how to interpret these coefficient estimates since they are subject 

to simultaneity equation bias causing by using the dependent variables Yl and Y2 as 

exogenous variables. Furthennore, the relationship is problematic since the income 

parameter (elasticity) of the local call is negative which means that an increase of income 

has negative effects on the use of telephone calls. The study is worthy of note because it 

is based on data collected for the first time on each households in Korea (although the 

survey is limited to the Seoul area). 

The final econometric analysis of telecommunication demand Lee, Kim, and Kim 

( KlSDI, 1992) differs from the first year study (KISDI, Lee and Cho, 1991). This second 

28 The expenditure of total call is the addition of the expenditure of local and long distance call. 
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year has two parts. First, the study analyzes residential telephone demand for access 

based on the yearly data between 1971 and 1991. Second, demand for local calls and toll 

calls has been estimated by cross section analysis between 15 areas on the basis of calling 

pattern data between March 1990 and August 1990. 

The first part assumes that the telephone penetration rate (total number of 

telephone subscribers divided by the population) is a function of the lagged dependent 

variable, ordinary call price, other goods price, ordinary telephone access price,29 

ordinary total consumption expenditures and the previous year's total telephone 

penetration rate per person.30 In the same way, in the estimation of the residential 

telephone penetration rate, the number of residential telephone subscribers was employed 

instead of the total number of telephone subscribers. In the estimation of the business 

telephone penetration rate, the number of business telephone subscribers was used instead 

29Price of Access: In this study, the tenn price of access is used for covering the expenditure of telephone 
access. This is also defmed as the concept of paying the yearly opportunity cost for the installation ofa 
telephone by a newly accessed individual every year. The price of the access phone consists of an annual 
12% interest rate of the installation fee, movement fee, annual basic rate, and price of the telephone bond. 
The price of telephone bond is a part of the price of the access phone which is to be paid at the time of 
telephone access. This was used temporarily between January 1980 and December 1987 for the purpose of 
the expansion of the telecommunication field facilities. Considering the general fact that the price of the 
telephone bond has been sold with a discount rate right after being accepted by the telephone subscriber, this 
study defined the opportunity cost as the difference between its face value and the discount bond price 
which was discounted by the average revenue rate of the current bond. 

30In the case of the total telephone penetration rate, all the detenning factors for both the residential and 
business telephone penetration rate should be included in the variables for explanation. However, 
considering that the ratio is 8:2 between residential and business entering in the 80's, and total consumption 
expenditure is given a much greater weight in GNP, it assumes the same pattern with the residential 
telephone penetration rate. 
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of total number of telephone subscribers, and GNP was used instead of ordinary total 

consumption expenditure. The price of other goods was eliminated from consideration. 

The authors first discuss the OLS results of the total telephone penetration rate 

model. The previous year's penetration rate and income (total consumption expenditure) 

have positive effects on telephone penetration, and the price of access has slightly 

negative effects on telephone penetration (note the level of significance a. = 0.15). 

However, the calling price and other goods price do not explain the change in the 

telephone penetration rate. The total expenditure elasticity is 0.32, elasticity of price of 

call is -0.009 and price of access elasticity is -0.04. Lee et al. decide that the double log 

model is not appropriate for the prediction model due to the systematic change of the 

explained variables during the period of the subject ofanalysis.31 

Prediction of the demand for access has been made by the use of a modified 

logistic model which takes economic variables into account. When they set the year 2010 

as the basic period, the saturation point 0.60 proved to hold the best prediction power for 

the short term, and it is estimated that the point will be 0.51 in the year 2001. However, 

this model has problems which appear in long-term prediction because the logistic model 

31 During the 80's, which comprise half of the period of this study, long-range chronic telephone 
accumulation had been completely resolved with the help of massive investment in telephone facilities, and 
new access demand also increased greatly. As a result, total number of access and telephone penetration rate 
per person increased explosively during this period, in which the stationarity of the explained variable 
series, one of the basic assumptions of regression analysis, is hindered. 
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itself assumes that a variable will go up like the shape of the letter S with the assumed 

saturation rate modified as time goes by. 

In the second part of the study, the authors use the number of toll calls as a 

dependent variable, and the number of subscribers, distance, income, and calling prices as 

independent variables. They estimate the demand for long distance calls by households 

of Korea by separating them into total calls, regular priced calls, and reduced price calls. 

Demand for the number of long-distance calls is proportional to the number of 

subscribers of the sending place and receiving place and income is in inverse proportion 

to price and the distance between the places where telephone calls are made. The total 

demand for calls has an elasticity of 0.27 for income, and -0.23 for price.32 The number 

of toll calls is less sensitive to income and distance during reduced price time than regular 

price time. (0.15 vs 0.32 for income / -0.97 vs -1.10 for distance) while there is no 

difference between the elasticity of reduced time price and the elasticity of regular time 

price. In case of distance elasticity, there exists a difference between the Seoul areas and 

other areas, which shows no significance in the absolute value (-0.89 vs -1.05) (see Table 

15). In the analysis of the number of sending calls by the areas, the number of 

subscribers in the receiving places is always significant, and distance is relatively 

significant, whereas price is significant under certain restrictions. The distance elasticity 

32The call rate is significant only at 10% of the significance level. They think this is due to the fact that the 
call rate has a small choice of rate level which basically produces the difference in the long distance call 
rate, so it does not fully account for the charges of the number of calls. 
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is almost unitary. Distance and price elasticities generally change according to the 

sending place. The following is the result of SUR estimation for the number of sending 

calls in 6 special cities of 15 administrative districts. ( see table 16) 

The use of the call price index is an important byproduct of the analysis of the 

telephone demand in this study. The authors believe that this new method of estimating 

price provides a better way of measuring changes in price of access and the price of calls 

in Korea, and indicates that the previous index estimation method in the field of 

communications is unrealistic. In spite of the lack of telecommunication data, which is 

considered a problem in the analysis of the telecommunication industry of Korea, the 

paper analyzes call demand and access demand in the most systematic way. Local call 

demand analysis has been excluded from the study because the original data have not 

been accumulated in a form that cannot be analyzed. 

A common weakness is inaccessibility of data or inappropriate data. The 

accumulation of basic data is an indispensable element in the accurate and objective 

analysis for the establishment of an efficient and reasonable telecommunication policy 

against harsh international competition. 



TABLE 13 

ELASTICITY OF NUMBER OF CALL FOR REGULAR HOURS, 
REDUCED HOURS AND BOTH 

Price 

Regular Hrs. -0.23* 
Reduced Hr -0.22 
Both -0.22 

I.Sending Place 
2. Receiving Place 
3. From Seoul 
4. Between two place 
.: Significant at 5% 
**: Significant at 10% 

Subscriber l 

0.50** 
0.44** 
0.64** 

Source: Lee, Kim,and Kim (1992), KT 

Subscriber Income Distance3 Distance4 

0.86** 
0.86** 
0.84 

0.27** -0.89** 
0.32** -0.92** 
0.15** -0.85** 

-1.05** 
-1.10** 
-0.97** 
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TABLE 1433 

SUR ESTIMATIONS RESULT OF LONG DISTANCE CALL 
FOR 6 SPECIAL CITIES 

Constant Price Number of Distance 
Subscribers I 

Seoul 6.73 -0.4 0.84 -0.54 
(-7.59) (2.47) (7.77) (4.54) 

Inchon 5.95 -0.46 0.86 -0.78 
(6.18) (2.42) (8.04) (6.68) 

Taejon 9.93 0.33 0.76 -2.03 
(5.70) (1.00) (4.13) (6.09) 

Pusan 8.77 -1.81 0.96 -0.8 
(5.17) (2.32) (5.31) (2.34) 

Taegu 11.24 -2.69 1.06 -1.15 
(3.38) (1.64) (4.82) (2.34) 

Kwangju 15.64 -5.69 1.16 -0.86 
(4.99) (2.73) (4.83) (1.42) 

I.Receiving place 
R-squared = 0.933 
( ) : Chi-square statistics 
Source: Lee, Kim, Kim (1992) 

33 Lee et al. describe in the case of Daejon the number of calls to Chungchongnam-do is about 2.8 millions 
per month, and about 1.4 calls to Chungchongbuk-do; on the other hand the average call rate for these two 
areas are 7.8 and 1.2 (frequency/min.), respectively. This suggests that, according to Lee et ai, the positive 
relation of number of calls and rate between two areas, Daejon - Chungchongnam-do and Daejon -
Chungchongbuk-do dominates the reversed relation of number of calls and rate between Daejon and other 
areas, which makes price elasticity itself positive. 
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5. RESIDENTIAL ACCESS DEMAND 

This study analyzes residential access demand for all of Korea, as well as for each 

of its 15 administrative districts. The rationale for this breakdown derives from two facts: 

(a) The economic and social development plans are achieved through the administrative 

district as a unit, and (b) In reality, the smallest available unit which can be used in the 

analysis of data is the administrative districts such as city. 

5.1 THE ANALYSIS OF ACCESS DEMAND CHARACTERISTICS 

Prediction of subscriber demand provides important information about future 

market scales, investment possibilities, and revenue potentials, etc. We need both the 

number of subscribers to the relevant service and the analysis of the actual pulse of use in 

order to predict the scale of the economic effects of a specific service. 

There are 270 administration districts called Gu in the special cities and Gun and 

Shi in the provinces. The administration districts lie within the 146 calling ranges. Each 

calling range has one and only one class area. However, not all administration districts 

fall completely within the same calling range numbers and this creates an imperfect 

overlap (see figure 2). There are 10 such imperfect overlaps in Korea. In these cases, 

the price is calculated as population weighted average of the overlapping census tracts. 

However, when an administration district falls completely within the same calling range, 

the data are easily obtainable and a perfect overlap occurs. For example, Seoul has 22 

Gus and each Gu has the same calling range number, which is 1, and a class area that is 



FIGURE 2 

TEN CASES OF IMPERFECT OVERLAP 

Calling Range X - Class Area 7 

Although we only have the necessary data about the calling range, because 
the borders of the Gun do not overlap with any other calling range, it is easy 
to apply the data. 

Gun A Gun B 

Class Area 7 Class Area 7 

GunC Gun D 

Class Area 7 Class Area 7 

Calling Range Y - Class Area 5 Calling Range Z - Class Area 7 

Although the two calling ranges have distinct class areas, Gun C is an 
administrative unit (data point) which overlaps, and involves two class areas. 

Gun A 

Class Area 5 

Gun B Gun C Gun C Gun D 

Class Area 5 C.A.5 C.A.7 Class Area 7 

Gun E 

Class Area 7 
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10; thus data are easily obtainable. 

5.2 EMPIRICAL MODEL 

Recently, in the analysis of access to telephone service, discrete choice models 

such as probit or logit techniques using cross sectional data are favored. The theoretical 

basis for most of the access demand studies is the consumer-surplus framework 

developed in the mid-70s and described in Chapter 3 in which the demand for access to 

telephone network is related to the net benefits from usage of the network as measured by 

consumer surplus. This framework views consumer surplus as a random variable whose 

mean is related to prices, income, and other relevant variables. Before examining the 

consumer-surplus model, we introduce the basic probit methodology used in the later 

analysis. 

PRO BIT WITH INDIVIDUAL DATA 

First, suppose we were able to observe each individual's choices. Specifically, 

assume T individuals each choose to buy access (Y = 1) or not to buy (Y = 0). 

Let I,: benefit for the individual t from owning a phone compared to not owning a phone. 

And let X,I: income for tth individual, and let X, = (1, X,I, X,2, ..... , X,k), where k is number 

of explanatory variables. 

2 
Assume I, = X,Y + v" where y' = (y o,y \,. ..... ,y ,,) and v, - N(O,cr ) 
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That is, the net benefit of having a telephone depends on factors XI plus an error term. 

Each individual will purchase telephone service if there is a positive net benefit. That is, 

(Y = 1) if I >0 or Xy+v >0 or v>-Xy or -v < Xy or u <XA, 
t I I I I I I I I II-' 

where: 

u = -via and P = y/a. (Since normal is symmetric.) 

Now, we have u
l 

- N(O,I) so that Prob(YI = 1) = Prob(u
l 
< XIP) = F(XIP), where F is 

the unit normal CDF. 

We can estimate P by using Maximum Likelihood Estimation. If there are m 

observations in the sample for which YI = 1, re-order the sample so that the first m 

observations have Y
I 
= 1, and the remaining observations have YI = O. Using an estimate 

of P, we can compute 

The estimate of P which tends to make F(XIP) close to 1 when (YI=I) and F(XIP) are 

close to 0 when (YI = 0) will give the largest value for L(P). Thus, P
MLE 

is the one which 

maximizes L(P). 

PROBIT WITH AGGREGATE (pROPORTIONAL) DATA 

Now, suppose that we don't receive all of the individual observations LT. 

Instead, we receive data of averages over elements in a partition of the sample. That is, 

we receive N households and T observations, PI' P2,· .. , Pi'"'' P NT 



72 

where: 

PI = average ofY
t

, t = I, ..... ,NI, 

and so forth, where N. is the number of households in the ith group. 
I 

Assume also that income Xl differs across different groups, but that, within each 

group, income Xl is the same for each household. That is, assume, for now, that 

households in different census tracts have different incomes, but that households in a 

given census tract have the same income. Using the model above, we know that for an 

household t in group (census tract) i, the true probability of buying access (Y
t 
= I) is 

X t == Prob(Yt = I) = F(Xt!3) for household t. 

This means that P., the average ofN. observations of Y for households with x., I I I 

where: 

I I I . . x. = (I, Xt ,Xt , ..... , Xt ), will be bmomial WIth 
I 

E(P.) = x. and VAR(P.) = x.(I-x.)/N. 3S I I I I I I 

34E(Y \= 1*1t +O*1t = 1t1 11 I I 2 2 2 
Var(Y.)=E(YI _E(y.»2 =E(YI -1t.) =1t1 (I-1t.) +(1-1t.)(O-1t.) 

1t1 (1-1t.)[(I-1t1 +7t.)]= 1t1 (I-1t'). 

AIl1t1 are same within census tract. Derme this as 1tj 

=(1/ Nj) Var(Y.)=(1/ Nj) 1t1 (I-1t'). 
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That is, P. is an unbiased estimate of the true probability that a household with X. will buy 
I I 

access. The accuracy of the estimate, given by VAR(P.), will depend on the true 
I 

probability as well as on the size of the population in the census tract i. 

Assume N. is large so that we can use the Central Limit Theorem to assert that P. 
I I 

is approximately normally distributed, 

P. - N(1t., 1t.(1-1t.)/N.) 
I I I I I 

Thus, we can write 

P. = 1t. + E. where E. - N(O, 1t.(1-1t.)/N.) 
I I I I I I I 

Take p-I of both sides to get 

p-l(p.) :::: X.13 + 11. where 11. = [d F·1(1t.)/d1t.]*E. 
I I I I I I I 

From this, it seems reasonable to regress F·1(P) on X to estimate 13. However, 11. is not a 
I 

well-behaved error term and thus OLS is not efficient. Below, we will derive VAR(11.) 
I 

and see that 11i is heteroskedastic and then rescale F·1(Pj) and Xj so that the error term 

becomes well-behaved and OLS is appropriate. Since F is monotonic, we have: 

dp-l(1t.)/d1t. = lI[dF(X.I3)/d(X.I3)] = lIf(x.I3), 
I I I I I 

where f is the unit normal pdf. 

36Know F"1(1tJ=X ~ 
t 

F·1(1t.):unobservable but can observe F·1(pi)' Therefore, in order to find F·1(7t.) using Xt~' we want to know 

F·1(p;) - F·1(1tJ which is error. 
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Therefore, 11. = [lIf(X.~)]*E. so that 
I I I 

2 2 2 
V AR(11.)=[lIf(X.~)] VAR(E.)= 1t.(I-1t.)/[N.f(X.~) ] (= cr ). 

I I I I I I I t 
(15) 

Thus, 11. is heteroskedastic since the variance differs across observations. With an initial 
I 

A 

estimate of ~, denoted ~, we can calculate and estimate V AR(11.) for i = 1 ..... N. So, 
I 

,.. A A 2 

equation (15) is equivalent to F(X. ~ )[I-F(X. ~ )]/[N.f(X. ~ ) ] (= 0-;). 
I I I I 

We then use these estimates to normalize the data to control for heteroskedasticity. To do 

tlus: 

1. Estimate ~ by OLS of F-1(P.) on X. For each observation, i, calculate F(X.~ ) and 
I I 

A 

f(X. ~) and use these to estimate VAR(11.). 
I I 

2. With this, normalize the data as follows: 

* -I * F-I(P.) = F (p.)/std(11.) and X. = X./std(11.). 
I I I I I I 

1 * * * * 3. Now we have F (p.) = X. ~ + 11. where 11. = 11./std(11.). 
I I I I I I 

This implies V AR(11j*) = 1 for all i, so that 111* is well-behaved. Estimate ~ again by 

1 * * OLS of F- (P.) on X. . 
I I 

Since 1t == Prob(Y = 1) = F(X~), we can use the estimate of ~ to calculate an 

estimate of the probability that households with Xi will buy access. Interpreted 

differently, F(X~) gives an estimate of the proportion of households in census tract i who 

will buy access. 
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SPECIALIZING THE MODEL FOR TELEPHONE ACCESS DEMAND 

Two studies, Perl (1983) and Taylor and Kridel (1990) have focused on 

residential access demand for the telephone network by households in the United States. 

They applied the above framework to estimate a model for access demand. Essentially, 

as will be explained below, they imposed an assumption on consumer preference which 

allowed for the benefit of purchasing phone access to be expressed as I = X Y + v with a 
t t t 

restriction on one of the elements y. ( Taylor and Kridel took this model one step further 

by recognizing that one of the explanatory variables, income, is a random variable and 

adding another parameter cr ;ncome. Due to the limitations of the Korean data, their model 

will not be discussed, as it cannot reasonably be employed at this point in time.) Below, 

we modify the models of Perl and Taylor and Kridel for the Korean situation. 

Use of the telephone network requires access and the demand for access depends 

upon the net benefits from use. Since consumers' surplus conveniently measures benefits 

in this context, this simplification is used in our analysis. We follow a commonly used 

demand function for telephone usage by Taylor and Kridel (1990), 

where 

q = Ke-aPyl3ev 

q : use of the telephone network 
p: price of use 
y: income 

v : random error term - N(O,cr 2) 
K: constant 
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An idealistic assumption is that consumer surplus is linear in its parameters. This does 

not seem likely to be accurate with respect to usage price. At this point, we ignore the 

complication of network call externalities and socio-demographic factors. 

Consumer's surplus (cs) = r Ke-az yll eVdz 

= Ke·apylle v /a 

which is not linearly related to the price of usage. The derivative of consumer surplus 

with respect to a change in price is approximately equal to the quantity consumed at the 

price level for most demand functions. Despite the price level or other variables, the 

linear model assumes the quantity is constant. Although this is certainly false, if usage 

demands are extremely inelastic and the range of usage prices is considered to be 

relatively narrow, a linear model provide a valid approximation .. Now, let A denote the 

price of access. Whenever cs > A then access ",ill be demanded. Take equivalent 

logarithms from both sides, 

a - ap + pIny + v > In A, where a = In K / a 

since variable cost is constant37, and let a - ap = b 

(I = ) b - In A + pIny + v > 038 

Now, adding socio-demographic factors to equation (16), 

(16) 

37 We are ignoring the distinction between two types of rate systems. In one case, consumers pay 2S won 

per call after 100 calls, and in the other case consumers pay 2S won per 3 minutes after 100 calls. 

38 I: benefit from having a phone compared to not having a phone. 
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Let SDi denotes the socio-demographic factors for census tract i 

If we let X == (1, In A, InYi ' SI , ... , SD) and y' == (b, -1, 13, AI' ... , "-0), then 

access will be demand if Xy + v > 0 

Notice that Y2 is restricted to be -1. That is we can estimate this model by applying the 

standard probit techniques while restricting the coefficient of In A to be -1. 

Therefore, as shown before, this leads to the model below. 

·1 
F (P) = b - In Ai + J3lnYi + A,IMOVING + A2URBAN + ~AVGAGE + 

A4 JOBONE + As EDUCAT + A6 A VGHH + A7 HHOLDS + 

AS MARRAGE + TJi (17) 

This is the model actually estimated, where : 

F : (Unit)Normal distribution function 

Pj : the proportion of households in a census tract i that have a telephone 

13 : coefficient for income 

In A : logarithm of the installation fee divided by monthly interest plus the monthly 

basic rate 

b : a constant 

Yj : geometric mean of income 

A: coefficient for socio-demographic factors 

MOVING: % of census tract population who have moved over the past one years. 

URBAN: dummy variable (1 if the census tract is a city, 0 otherwise) 

A VGAGE : average age of census tract 



JOBONE : % of census tract population with the following job classifications;39 

Agriculture, Forestry, Hunting, Fishing, and Mining. 

EDUCA T : % of census tract population who have been in college. 

AVGHH : average number of households in a census tract. 

HHOLDS : number of households in a census tract. 

MARRAGE : % of census tract population who are married. 

11. : error term 
I 

To reiterate, we use weighted least square (WLS) to estimate this model. 

5.3 DATA USED IN ECONOMETRIC ANALYSIS 

78 

The data used for telephone service analysis, is divided into two categories: the 

telephone service data proper, and other statistics. Unlike the general macroeconomics 

variables, in which data have been collected for a long time, the data in the telephone 

service field have a short time-span. 

5.3.1 PopIIlatioll / IIser statistics 

Population / housing censuses are taken every five years, and are considered the 

most reliable demographic data for the analysis of residential access demand.40 Here, the 

39 Industrial Classification: Industry of a working person referred to the kind of business of the 
establishment where he worked. If he worked for more than one establishment, the kind of business of the 
establishment where he mainly worked was reported. 

40[Report to on Population and Housing Census] 1990, by the Bureau of Census Statistics, Office of 
Statistics 
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percentage of telephone subscribers in the census tract, the number of households per 

census tract, the industrial classification of the census tract (such as fanning, fishing, .... ), 

the moving status of those within the census tract, their marital, education, and average 

age, etc., are considered. 

5.3.2 Price alld expellse statistics 

Just as the demand for telephone services can be classified into two types -

'Access demand' to the network and 'Call demand' for telephone services - so two can the 

price be classified. There is a price for access and a price for each call (after a limited 

number of calls). For residential access demand, we need only to consider the access 

price which includes the installation fee and monthly basic rate.41 

In this study the price of access is composed of the installation fee and basic rate, 

which are paid in order to access the telephone network. The basic rate is the expense 

which is paid by the subscriber every month regardless of the use of the telephone. In 

1990, four different kinds of rates were imposed according to the class area. For class 

areas 3-7, the basic rate system was applied to bills with less than or equal to the 100 

calls. After the 100th call, the caller was charged an additional fee per call for that month. 

41 1. Installation fee; The fee is on the expenses invested on indispensable facilities such as switchboards, 
lines etc. which are necessary for telecommunication. All the subscribers pay the fee equally within a class 
area. However, when the access canceled, the subscriber is paid back the original installation fee. An 
opportunity cost in the fonn of interest foregone over the interim, is incurred. 
2. Basic rate is necessary to maintain and operate the equipped communication facilities and to make sure 
the subscribers can call and receive calls at any time. It ensures a stable rate, even if a customer chooses 
not to make calls. (The movement fee is excluded from this analysis since it constant throughout the 
sample.) 
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For class areas 8-10, the caller was additionally charged per call pulse after 100 call 

pulses. In the Statistical year book of telecommunications,42 the installation fee and 

basic rate were classified by the class area. This classification is used in this study. As 

noted earlier, there were 10 data points where an overlap problem existed. In these cases, 

the average installation fee and basic rate for each area were derived by calculating the 

rate of each class area (installation fee, basic rate) mUltiplied by a population weight. 

We defined the cost, A , of maintaining access as the installation fee divided by 

monthly interest plus the monthly basic rate, since the subscriber loses interest foregone 

over the interim, although he is paid back the installation fee when access is canceled. 

That is, 

where: 

A = rm· PINST + PP 

rm : monthly interest 

PINST : installation fee 

PP : basic monthly charge 

5.3.3 Income data 

It is desirable to have an average income variable for each census tract. However, 

this data is unavailable.43 Instead we use "collected amount of property tax" as a proxy 

for the income variable. 

42Korea Telecom, 1991 

43In the 1990, PopulationIHousing Census taken by the Office of Statistics, Income data was collected. 
However, individual reliability about income reported was highly doubted, so it was deleted. 
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5.4 ECONOMETRIC RESULTS 

To detennine the relationship between the demand for telephone service access by 

residential households and a variety of economic and demographic factors, such as, prices 

charged, household income, age, education, marital status, size of household, etc., a 

statistical probit model is developed. To the extent that these factors change in predictable 

ways over time, this model provides a useful tool for predicting resultant changes in 

demand for telephone service. 

Table 15 displays the estimated coefficients for equation (17). Excluding income, 

the t-ratios are well in excess of two. The proportion of the population that is married has 

the largest t-ratio (10.42) except for the constant. There is no t-ratio for the price coefficient 

when estimating the model because coefficient of InA was restricted to -1. As expected, 

income is positive and the number of household variables designed to measure the potential 

subscriber (or network) externality in demand for telephone service (the likelihood of any 

one household subscribing is a function of the number of other households which subscribe) 

is also positive. An increase of 10% in the number of households implies an increase of 

0.18% in development of telephone service access. 

According to these demographics, there are a greater number of households in urban 

areas with telephones than in rural areas. Both JOBONE (people with jobs in Agriculture, 

Forestry, Fishing and Hunting, etc.) and MOVING (those who have moved during the year 
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1989-1990) have a negative effect on telephone subscription. In contrast, EDUCA T (high 

education), MARRIAGE (those who are married), large size of household (A VGHH) and 

the higher average age (AVGAGE) have positive effects. 

Caution is necessary in interpreting the coefficients. First, the access elasticities can 

not be observed directly, but must be imputed by changing a variable and then calculating 

the resulting change in development (percent change in access when one of the independent 

variables is changed by 1 % holding the other independent variables constant). A one 

percent increase in income may be used as an example. Such an increase results in a 

0.014% increase in development, with an access elasticity of 0.00014 regarding income. 

The price of access and income elasticities for the whole country as well as each of the 15 

administrative districts is displayed in Table B. Price elasticity access for Korea is -0.0027. 

Among the 15 administrative districts, Cheju-do exhibits a slightly larger price of access 

elasticity than the others while Seoul shows a lower price of access elasticity (See Table 

16). The elasticity for usage with respect to income is represented by the coefficient for 

income 0.05. The data indicate that price elasticity of access demand is smaller in this case 

than in North American studies (perl's finding was -0.032 and Taylor and KrideI's was -

0.037 for US, BDI was found -0.009 for Canada). 

Returning to the main consideration of this section, we attempt to answer the 

question of how many and which consumers would leave the telephone network if price and 

income were to increase. The predicted effects of price increases are displayed in Tables 

17-20 and Figures 4-7. The predicted effects of development and repression for a 50% 
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increase with monthly increases in the whole country and the 15 administrative districts is 

presented in Table 17 and figure 4. When monthly charges increase by 50%, 6.07% 

repression results, with an approximate estimate of about 700,000 households leaving the 

telephone network for the country as a whole. The repression percentage for the 15 

administrative districts ranges from 5% to 9%. Similarly, Table 18 and Figure 5 show that 

installation fee increases of 10% cause a reduction of 1.09% with about 124,000 households 

facing difficulty in subscribing to the new telephone network for the country as a whole. 

An estimated decrease of approximately 1 % new subscribers occurs with a 10% increase in 

the installation fee for the entire country as well as for each administrative district. Table 19 

(Figure 6) presents the results of simultaneous monthly and installation fee increases of 

50% and 10%, respectively. The predicted effects for several demographic groupings in the 

entire country are presented in Table 20 and Figure 7. Both Farm and Farm and Poor by 

classification are more negatively affected by higher access prices than other groups. On 

the basis of the data displayed in Tables 17-20, it may be concluded that access repression is 

small but not zero. This finding is significant for the telecommunication industry decision 

regarding price increases. 



TABLEtS 

COEFFICIENT ESTIMATES FOR RESIDENTIAL ACCESS DEMAND 

Variable Coefficient 

Constant 6.651 
PRICE OF ACCESS -1.000 
MOVING -0.627 
URBAN 0.127 
AVGAGE 0.021 
JOBONE -0.405 
EDUCAT 1.573 
AVGHH 0.247 
HHOLDS 0.104E-05 
MARRAGE 2.212 
INCOME 0.050 

R2= 0.52* 

* The R2 is calculated as the square of the correlation between 

the actual and predicted values for p-I(pi). 

t-statistic 

14.75 

-2.76 
3.14 
2.35 

-2.65 
7.34 
5.18 
5.29 

10.42 
2.00 

84 
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TABLE 16 

PRICE OF ACCESS AND INCOME ELASTICITIES 

% of Actual % of Predicted Price Income 
Phone Phone Elasticity Elasticity 

Whole Country 84.69% 84.82% -0.0027 0.00014 
[26,342] [1,315] 

Seoul 87.26% 87.57% -0.0023 0.00012 
[5,778] [288] 

Pusan 87.59% 84.52% -0.0028 0.00014 
[2,365] [118] 

Taegu 84.51% 84.34% -0.0028 0.00014 
[1,432] [72] 

Inchon 85.65% 84.56% -0.0028 0.00014 
[1,153] [58] 

Kwangju 83.77% 83.74% -0.0029 0.00015 
[708] [35] 

Taejon 86.17% 85.78% -0.0026 0.00013 
[590] [29] 

Kyonggi-do 83.72% 83.73% -0.0029 0.00015 
[3,981] [199] 

Kangwon-do 84.48% 85.91% -0.0026 0.00013 
[923] [46] 

Chungchonbuk-do 82.43% 85.09% -0.0027 0.00014 
[822] [41] 

Chungchonnam-do 83.48% 84.69% -0.0028 0.00014 
[1,331] [56] 

Chollabuk-do 83.23% 83.75% -0.0029 0.00015 
[1,271] [63] 

Chollanam-do 81.77% 82.77% -0.0031 0.00015 
[1,581] [79] 

Kyongsangbuk-do 80.89% 83.24% -0.0030 0.00015 
[1,977] [99] 

Kyongsangnam-do 83.09% 83.04% -0.0030 0.00015 
[2,505] [125] 

Cheju-do 81.34% 75.19% -0.0042 0.00021 
[415] [21 ] 

Numbers in brackets are estimates of number of households affected. 



TABLE 17 

DEVELOPMENT AND REPRESSION FOR 50% WITH 
MONTHL Y CHARGE INCREASES 

% of Predicted 50% increae Number of 
Phone for Monthly Charge households affected 

Whole Country 84.82% 78.74% 690504 
(6.06) 

Seoul 87.57% 82.39% 145639 
(5.18) 

Pusan 84.52% 78.61% 58722 
(5.91) 

Taegu 84.34% 78.39% 35533 
(5.95) 

Inchon 84.56% 78.67% 28647 
(5.89) 

Kwangju 83.74% 77.66% 17516 
(6.08) 

Taejon 85.78% 80.16% 14734 
(5.62) 

Kyonggi-do 83.73% 77.08% 107771 
(6.65) 

Kangwon-do 85.91% 79.67% 25767 
(6.24) 

Chungchonbuk-do 85.09% 78.70% 22650 
(6.39) 

Chungchonnam-do 84.69% 78.18% 31160 
(6.51) 

Chollabuk-do 83.75% 76.99% 34978 
(6.76) 

Chollanam-do 82.77% 75.81% 43133 
(6.96) 

Kyongsangbuk-do 83.24% 76.36% 54288 
(6.88) 

Kyongsangnam-do 83.04% 76.20% 67767 
(6.84) 

Cheju-do 75.19% 66.37% 11583 
(8.82) 

Numbers in parenthesis are repression estimates in basis points. 
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TABLE 18 

DEVELOPMENT AND REPRESSION FOR 10% WITH 
INST ALLA TION FEE INCREASES 

% of Predicted 10% increase Number of 
Phone for Installation fee households affected 

Whole Country 84.82% 83.73% 124123 
(1.09) 

Seoul 87.57% 86.54% 28964 
(1.03) 

Pusan 84.52% 83.33% 11825 
(1.19) 

Taegu 84.34% 83.15% 7160 
(1.19) 

Inchon 84.56% 83.37% 5768 
(1.19) 

Kwangju 83.74% 82.51% 3537 
(1.23) 

Taejon 85.78% 84.66% 2952 
(1.12) 

Kyonggi-do 83.73% 82.63% 17970 
(1.10) 

Kangwon-do 85.91% 84.92% 4077 
(0.99) 

Chungchonbuk-do 85.09% 84.06% 3667 
(1.03) 

Chungchonnam-do 84.69% 83.64% 5031 
(1.05) 

Chollabuk-do 83.75% 82.67% 5619 
(1.08) 

Chollanam-do 82.77% 81.64% 7027 
(1.13) 

Kyongsangbuk-do 83.24% 82.13% 8746 
(1.11) 

Kyongsangnam-do 83.04% 81.90% 112770 
(1.14) 

Cheju-do 75.19% 73.90% 1699.97404 
(1.29) 

Numbers in parenthesis are repression estimates in basis points. 
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TABLE 19 

DEVELOPMENT AND REPRESSION FOR BOTH* INCREASES 

% of Predicted Number of 
Phone Both increases* households affected 

Whole Country 84.82% 77.68% 811345 
(7.14) 

Seoul 87.57% 81.36% 174729 
(6.21 ) 

Pusan 84.52% 77.45% 70248 
(7.07) 

Taegu 84.34% 77.23% 42501 
(7.11) 

Inchon 84.56% 77.50% 34271 
(7.06) 

Kwangju 83.74% 76.46% 20940 
(7.28) 

Taejon 85.78% 79.05% 17646 
(6.73) 

Kyonggi-do 83.73% 76.01% 125099 
(7.72) 

Kangwon-do 85.91% 78.70% 29781 
(7.21) 

Chungchonbuk-do 85.09% 77.68% 26231 
(7.41) 

Chungchonnam-do 84.69% 77.16% 36052 
(7.53) 

Chollabuk-do 83.75% 75.94% 40391 
(7.80) 

Chollanam-do 82.77% 74.73% 49839 
(8.04) 

Kyongsangbuk-do 83.24% 75.29% 62671 
(7.95) 

Kyongsangnam-do 83.04% 75.12% 78557 
(7.92) 

Cheju-do 75.19% 65.22% 13094 
(9.97) 

• 100% and 10% increase Monthly charge and Installation fee, respectively. 
Numbers in parenthesis are repression estimates in basis points. 



TABLE 20 

DEVELOPMENT AND REPRESSION FOR 50% WITH MONTHLY CHARGE 
INCREASES AND 10% WITH INSTALLATION FEE INCREASES 

FOR WHOLE COUNTRY 

% of Actual % of Predicted 50% increase 10% increase 
Phone Phone for Monthly Charge for Installation fee 

Poor 81.37% 81.58% 74.47% 80.41% 
[89,737] [14,851] 

(7.11) (1.17) 
Farm 81.43% 81.44% 74.25% 80.26% 

[92,415] [15,158] 
(7.19) (1.18) 

Rich 85.86% 86.12% 80.49% 85.06% 
[281,386] [53,360] 

(5.63) (1.06) 
Rural 81.81% 81.96% 74.90% 80.81% 

[204,506] [33,601] 
(7.06) (1.15) 

City 85.67% 85.80% 80.06% 84.73% 
[487,130] [91,655] 

(5.74) (1.07) 
Poor, Fann 81.15% 81.34% 74.17% 80.17% 

[67,824] [11,196] 
(7.17) (1.17) 

Poor, Rural 81.37% 81.56% 74.44% 80.40% 
[89,644] [14,820] 
(7.12) ( 1.16) 

City, Rich. 86.12% 86.39% 80.85% 85.33% 
[263,969] [50,612] 

(5.54) ( 1.06) 

I. "Poor" refers to the most poor 25% of the tracts, while "rich" would refer to most rich 25% 
of the tracts. 

2. Fann would refer to at least 37.4%(3rd quartile of whole country) of census tract population 
with the following job classifications; Agriculture, Forestry, Hunting, and Fishing. 

3. City and Rural refer to the Gu and Shi, and rural, respectively. 
4. Numbers in brackets are estimates of number of households affected. 
5. Numbers in parenthesis are repression estimates in basis points. 
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FIGURE 4 

% OF PHONE WHEN 50% INCREASES FOR MONTHLY CHARGE 
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FIGURE 6 

% OF PHONE WHEN BOTH 50% INCREASES FOR MONTHLY CHARGE 
AND 10% INCREASES INSTALLATION FEE 
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6. TOLL CALL DEMAND 

In this chapter, we estimate the elasticity of the number of calls after first 

estimating the demand for DDD number of calls ( hereafter number of calls). Then, we 

consider the estimate of the demand for number of calls. For this analysis, the quarterly 

data of toll call demand between January, 1990 and December, 1992 has been used. 

6.1 CHARACTERISTICS OF THE DISTRIBUTION OF CALLING RANGE BY 

RATE LEVELS AND DISTANCE 

Lee et. al (1992) used regarding charging system and applied it to the 146 calling 

ranges in order to calculate the total possible number of calling range combinations as 

10,585( = 146C2}' They further calculated the component ratio of each degree of distance 

and each rate level out of the total number of combination calling ranges. As table 21 

shows, 10,585 out of calling range combinations, 3.8% of the calling range is within 

30krn, 19.3% of the calling range is between 30krn and 100krn, and 76.9% of the calling 

range is over IOOkrn, the short distance call area within IOOkrn is subdivided into 2 rates, 

while the long distance call area over 100krn is expanded into one rate. Lee et al also 

examine overall calling range distribution according to a IOkrn range in this study, and 

they find that the calling range with the greatest number of calls is distributed between 

140krn and 180krn. Calling range is distributed less symmetrically both before and after 

the 140 - 180krn boundary. This reflects the fact that the under 100krn distance current 

rate system is subdivided, while the over 100krn range is expanded. 
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Having examined the status of calling range, we now characterize number and 

pulse of calls distribution and features according to rate level in each administrative 

district and to administrative district in each rate level. 

TABLE 21 

DISTRIBUTION OF NUMBER OF COMBINATION CALLING RANGES 
BY RATE LEVEL 

Unit: number 
Within 30km* 30 - 100 km Over 100km Total 

Number of Calling Ranges 
Component Ratio 

404 
3.82 

2038 
19.25 

8143 
76.93 

10585 
100.00 

* These numbers reflect definitions of Korea Telecom, approximate region size for convenience 
convenience (e.g. 32km is classified as within 30km). 
Source: Lee et. al (1992) 

6.2 ANALYSIS OF NUMBER AND PULSE OF CALLS 

In this section, Korea is divided into 9 administrative districts -- Seoul, Pusan 

(including Kyongsangnam-do), Kyonggi-do (including Inchon), Chungchong-do 

(including Chungchongbuk-do, Chungchongnam-do, and Taejon), Chollanam-do 

(including Kwangju), Taegu (including Kyongsangbuk-do), Chollabuk-do, Kangwan-do 

and Cheju-do. The indexes of call pulse and number of calls will be compared and 

characterized according to rate level and administrative district.44 

44 These data are based on the administrative district classified by Korea Telecom according to its 
suburburbs operation headquarters. 
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6.2.1 Distribution a/rate levels by administrative districts 

The distribution of the number and pulse of calls for the whole country by rate 

levels is shown in figure 8. Of the total number of calls, 47.31 % are within the 30km rate 

level, 25.27% are between the 30km and IOOkm rate level, and 27.43% are over the 

100km rate level. The pulse of calls, 12.93% is within the 30km, 26.62% between the 

30km and 100km rate level, and 60.45% over the 100km rate level. Number of calls 

within the 30km rate level accounts for about 50 % of all calls. This is due to the fact that 

people naturally interact more frequently in their own zone than others, as well as the 

lower cost compared to other rate levels. Since the duration of pulse shorten with each 

increasing rate level, pulse of calls are greatest at the highest range of long distance. 

Duration of pulse within the 30km rate level is considered to be 4-9 times longer than in 

the other rate levels. Thus, the over 100km rate level accounts for more than 60% of the 

total call pulse. 

In figure 9, the distribution of the number of calls in Seoul shows that the ratio in 

the 30 - 100km rate level is 15.55% which is below the ratio of 25.27% for the whole 

country. However, the distribution of the number of calls in Seoul shows a higher ratio 

for both within the 30km and the over 100km rate levels than the ratio for the whole 

country (more than 4.45% for within 30km, and 5.26% for the over 100km). This 

indicates the number of calls in Seoul are mainly distributed in the 30km range or the 

over 100km range and not the midrange of 30 - lOman. 
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In Pusan and Taegu, the relative importance of the 30km - 100km rate level is 

realized comparatively high. We attribute this to the fact that among 6 large cities only 

the distance from one large city to another coincides with this rate level (see figure 10 and 

figure 14). 

Kyonggi-do, which is around the city of Seoul, exhibits a unique characteristic in 

that the number of calls there amount to 68.41% within the 30km rate level which 

substantially exceeds the 47.31 % average percentage of the entire country (see figure 11). 

That percentage is equivalent to more than 2/3rds of the number of calls, and that is 

concentrated in the distance of the least expensive off-limit rate level. These tendencies 

are accounted for by the fact that this area is located in the capital city metropolitan area, 

In addition, it is noteworthy that compared with other areas the ratio of pulse of calls to 

number of calls is over 3.5 times in the over 100km. 

The number of calls in Chollanam-do and Chungchong-do is evenly distributed 

although each rate level shows a slight difference in its distributional ratio (see figure 12 

and figure 13). These 2 districts also share the fact that the importance of the 30km -

100km rate level is relatively high compared with the average ratio for the whole country. 

In Kangwon-do, a mountainous neighbor of the Seoul metropolitan area, two of 

the largest cities are situated between the 30km and lOOkm rate level from Seou1.45 For 

that reason, the rate level between the 30km and 100km is relatively high (see figure 16) 

45 Chunchon-shi, the seat of the provincial office and Wonju-shi, a mid-sized city. 
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Cheju-do is an island that is over 100km from the Korea peninsula. Out of 146 

calling ranges, only the one calling range, Wando (island) is situated between the 30km 

and 100km rate level from Cheju-do. These facts explain why almost 100% of the 

number and pulse of calls are exhibits over the 100km rate level (see figure 17). 

Finally, Chollabuk-do exhibits a similar distributional pattern with that of the 

whole country (see figure 15) . 

In contrast, the pulse of calls in every area increases greatly with each rate level. 

As we mentioned in the previous sections, this is due to the fact that the time of the one 

pulse is 114 - 119 times in the rate level of over IOOkm and 30km - IOOkm, respectively. 

And, besides, except for Kyonggi-do and Kangwon-do, most areas show a higher than or 

similar ratio of distribution with that of the whole country in the case of the over 100Km 

rate level. 

6.2.2 Distribution of administrative districts by rate levels 

The distribution of the number of calls of the whole country without rate level 

shows that Kyonggi-do is the greatest with the percentage of 28.78%, and Seoul and 

Pusan follow in that order. On the other hand, in the case of the pulse of calls, Seoul is 

27.73%, and is followed by Kyonggi-do and Pusan in that order (see figure 18). Cheju

do shows a distribution ratio of below 1 % both in number and pulse of calls. First, within 

the 30km rate level, Kyonggi-do exceeds both the number and pulse of calls of the every 

administrative district without the rate levels (see figure 19). Except for Seoul, Kyonggi-
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do has a relatively high percentage of the number and pulse of calls, the rest of areas have 

extremely low number and pulse of calls. Second, in the rate level of 30km - 100km, 

Pusan, Taegu, Challanam-do, and Kangwon-do show percentages similar or higher to 

those of the overall percentage. As for the number of calls, the analysis of both within 

30km and 30km - 100km rate levels is consistent with the previous analysis of the 

distribution of rate level by administrative districts. That is, in the distribution of rate 

levels by administrative districts or in the distribution of administrative districts by rate 

levels, Seoul and Kyonggi-do show high distribution ratios within the 30km rate level in 

the case of number of calls. On the other hand, Pusan, Taegu, Kangwon show relatively 

high distribution ratios between the 30km and 100km rate level (see figure 20). Third, in 

the case of the over 100lan rate level, overall number of calls is the same with or exceeds 

the distribution ratio of the pulse of calls in every areas except Kyonggi-do. A special 

area, Cheju-do has a lower distribution ratio of the number and pulse of calls compared 

with other areas, but is higher than that of the overall distribution ratio due to the fact that 

most of the number and pulse of calls are accomplished in the over 100km rate level (see 

figure 21). 



FIGURE 8 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
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FIGURE 9 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR SEOUL BY RATE LEVELS 
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FIGURE 10 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR PUSAN BY RATE LEVELS 
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FIGURE 11 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR KYONGGI-DO BY RATE LEVELS 
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FIGURE 12 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR CHUNGCHONG-DO BY RATE LEVELS 
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FIGURE 13 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR CHOLLANAM-DO BY RATE LEVELS 
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FIGURE 14 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR T AEGU BY RATE LEVELS 
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FIGURE 15 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR CHOLLABUK-DO BY RATE LEVELS 
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FIGURE 16 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR KANGWON-DO BY RATE LEVELS 
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FIGURE 17 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR CHEJU-DO BY RATE LEVELS 

5% ~ ______________ -, 

4% _ 

Within 30 km 
30-100km 
Over 100km 

Number of Calls 

N/A 
0.60% 

99.40% 

Pulse of Calls 

N/A 
0.32% 

99.68% 

105 



FIGURE 18 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
BY ADMINISTRATIVE DISTRICTS 
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FIGURE 19 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR WITHIN 30km BY ADMINISTRATIVE DISTRICTS 
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FIGURE 20 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR 30Km -IOOKm BY ADMINISTRATIVE DISTRICTS 
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FIGURE 21 

DISTRIBUTION OF NUMBER AND PULSE OF CALLS 
FOR OVER 100km BY ADMINISTRATIVE DISTRICTS 
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6.3 CHARACTERISTICS OF REDUCED AND REGULAR TIME CALLS 

Here, we will look at characteristics by administrative districts through the 

relative component ratio of the regular and the reduced time of the number and pulse of 

calls for each area by rate levels. First, if we look at the overall component ratio by rate 

levels, the component ratio of the regular time to reduced time by rate levels is about 

85: 15 in the case of the number of calls, and about 84: 16 in the case of the pulse of calls 

(see figure 22). The component ratio is almost the same throughout the rate levels.46 

Since the number and pulse of calls in reduced and regular time by rate levels, and the 

distribution of the number of calls by administrative districts are similar to the 

distribution of the number and pulse of calls in regular and reduced time by 

administrative districts, as we have seen in the distribution of administrative districts by 

rate levels (section 6.2), we present table 22 without further analysis. Since the 

distribution of rate levels by administrative districts is almost the same, statistically 

reduced time rate is not a significant factor. In summary, in the case of toll calls, if it had 

been analyzed for a short period of time, the number and pulse in reduced and regular 

time could have been different by administrative districts or by rate levels. However, the 

data of this study collected for three years has shown almost the same component ratio by 

administrative districts or by rate levels without recognizing any difference between 

reduced and regular time. 

46 There exist less than 1% and 0.5% deviation of number and pulse of calls, respectively. 



FIGURE 22 

COMPONENT RATIO OF REGULAR AND REDUCED TIME BY RATE LEVELS 
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TABLE 22 

DISTRIBUTION OF REDUCED AND REGULAR TIME OF NUMBER AND PULSE 
OF CALLS BY ADMINISTRATIVE DISTRICTS 

Number of Calls Pulse of Calls Number of Calls Pulse of Calls 
in Reduced Time in Reduced Time in Regular Time in Regular Time 

Within 30km 

Seoul 25.25% 27.24% 28.65% 31.44% 
Pusan 8.90% 7.18% 8.53% 7.23% 
Kyonggi-do 40.79% 45.08% 41.76% 42.34% 
Chungchong-do 6.94% 5.55% 6.05% 5.24% 
Chollanam-do 5.70% 4.27% 4.49% 3.79% 
Taegu 5.33% 4.27% 4.79% 4.41% 
Chollabuk-do 4.52% 4.26% 3.58% 3.70% 
Kangwon-do 2.57% 2.15% 2.15% 1.85% 
Cheju-do N/A N/A N/A N/A 

30km- JOOkm 
Seoul 13.50% 14.49% 16.26% 17.04% 
Pusan 18.21% 17.75% 18.34% 18.01% 
Kyonggi-do 22.42% 26.03% 24.35% 24.90% 
Cbungchong-do 11.15% 10.05% 10.32% 9.77% 
Chollanam-do 9.98% 8.00% 8.31% 7.23% 
Taegu 14.07% 12.76% 13.23% 13.40% 
Chollabuk-do 4.91% 4.51% 4.12% 4.00% 
Kangwon-do 5.74% 6.40% 5.07% 5.64% 
Cheju-do 0.01% 0.01% 0.01% 0.01% 

Over JOOkm 

Seoul 26.44% 28.39% 31.43% 32.63% 
Pusan 17.39% 17.50% 17.20% 17.25% 
Kyonggi-do 10.37% 13.53% 11.12% 12.63% 
Chungchong-do 12.88% 11.76% 11.79% 11.15% 
Chollanam-do 9.99% 8.66% 8.18% 7.63% 
Taegu 11.38% 9.73% 10.63% 9.93% 
Chollabuk-do 5.60% 4.56% 4.63% 3.98% 
Kangwon-do 3.76% 3.82% 3.31% 3.29% 
Cheju-do 2.19% 2.05% 1.71% 1.53% 
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6.4 DATA USED IN ECONOMETRIC ANALYSIS 

The data on toll call demand comprises toll traffic, call rate, number of subscribers 

from sending place, and the income of nine areas by the 3 different rate ranges. 

Specifically, toll traffic and call rate include both reduced and regular time. In the case of 

the call demand function, let us talk first about the toll traffic data which will serve as a 

dependent variable. 

6.4.1 Toll traffics 

Toll call data can be roughly divided into two areas: data on the number of calls, 

and data on the pulse of calls. Of the two, call pulse is a better measure since toll calls 

are charged according to the number of pulses. 

6.4.2 Call rate 

As we mentioned In section (2.3.5), in the data between January 1990 and 

December 1992, there were two times of rate reductions: first, in May 1990, and second 

in May 1991 (see table 6). The four levels of rate system during this period were 

converted into 3 levels in this study. Moreover, call rate was counted per second because 

call rate has a different duration of time per pulse. Taking the different price per quarter 

into account, the call rate has been divided by the corresponding CPI of each area. 
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6.4.3 blcome data 

Although direct income data of the corresponding area is most desirable, there are 

limitations in obtaining such data. For this reason, in the present study we used income 

tax by area as a proxy variable. Like call rate, income tax has been divided by CPI. 

6.4.4 Statistics of subscribers and population 

For this analysis, we defined the number of subscribers (for sending) as the 

number of households which actively placed toll calls. This will vary from quarter to 

quarter. For the receiving place, population is used as a proxy for the number of 

subscribers (since data is unavailable for the number of individuals who received calls). 

6.5 EMPIRICAL MODEL 

We now turn to the main purpose of this chapter. For a toll call, most telephone 

services in the US and Canada are priced according to some form of two part tariff: the 

initial period carries one charge, and subsequent periods carry a lower charge. However, 

toll calls have a one part tariff which carries one charge for one period. That is, there is 

no initial period charge. 

Let us now interpret a simplified model of toll call demand. Demand for toll calls 

refers to the demand for number of call multiplied by approximate average pulse per call 

(time duration). If we know the number of calls and the duration of each call, then the 

product is the exact amount of time in call-seconds used. Let Q be toll volume, that is, 

Z, number of calls made and T, duration of each call. Then, 
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Q=ZT (18) 

However, it is not possible to obtain the length of time for each call. Instead, we 

have the pulse of calls times the length oftime given by each rate level. For example, we 

find that 100 pulses were used in some places within the 30km rate level. With this 

information, we can calculate 100 pulses times 45 seconds to obtain an estimate of the 

total call-seconds used within the 30km rate level. This is not the actual time in call

seconds used because the caller is charged for the entire number of call-seconds in one 

pulse regardless of whether these seconds were used or not. For example, a caller 

(subscriber), terminating a call, may speak only 5 seconds out of the 45 second pulse but 

he is charged 25 won for the entire 45 second pulse. Thus, the call charge includes the 40 

unused seconds. Our calculation of the time in call-seconds for this call would over 

estimate the true time by 40 call-seconds. 

To address this problem, we use the following procedure. Since we know the 

number of calls and the pulse of calls, we can find the average number of pulses per call. 

Suppose the average is to. We know that 9 pulses must have been used up entirely and 

that the only unused seconds occurring are in the 10th pulse. We calculate, then, that the 

length of each call is 9.5. In general, we compute the average number of pulses per call, 

F, and then assume each call-second is {(F-I) + 0.5)} * t where t is the length of time 

given by the rate level. This calculation assumes that each caller used up half of the last 

pulse charged to hislher call. 
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Further, we shall assume that there are C places (3 different places) that a 

subscriber can call. Let these be indexed by j. The question that we wish now to ask is 

what will determine the subscriber's demand for call-seconds to place j? Hence, parallel 

to equation (18), consider for an individual subscriber calls to place j, Qj = Zj tj • It is clear 

that Zj will depend on price, income and some measure of system size. 

How to represent system size is another matter. According to Taylor (1994), 

everything else held constant, the larger place j, the more people in that place the 

subscriber is likely to know, and therefore, the more calls he/she is likely to make. So we 

consider both the number of subscribers and the number of people as measures of system 

size. Distance will also be a factor; in particular, the greater distant is place j, the fewer 

the people the subscriber is likely to be acquainted with. Hence, his/her calls are likely to 

be fewer. In this study, we do not address distance because price and distance are divided 

by 3 different levels, with price increasing (decreasing) as distance is increases 

(decreases). The coefficient of price is the marginal effect of Q due to a unit increase in 

price along with the corresponding increase in distance. 

As for time-of-day pricing, there will be a demand function for regular time calls 

and a demand function for reduced time calls and pr and pd will be arguments in both 

functions, where pr and pd denote regular time price and reduced time price, respectively. 

However, looking at the overall component ratio by rate levels, there was no significant 

difference between regular time and reduced time for both number of calls and pulse of 

calls (see section 6.3). Furthermore, there is a relationship between pr and pd. Let D be 
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the discount fact so that pr = Dpd. In the sample, D is approximately constant, so we have 

no hope to identifY its effect. At this time, we do not consider the demand function for 

reduced time call nor reduced time price for the regular time demand function. 

In order to estimate a demand equation it is necessary to specifY the mathematical 

form of the equation. As for the total volume of one-way traffic between the subscribers 

in one system and the subscribers in another system, let Qij denote one toll volume, 

measured in call-seconds from i to j, let Zij denote the number of calls from i to j, Fij 

denote the average number of pulses per call, and Tij denote the length of time given by 

rate level corresponding to distance from i to j. Then, 

We propose an empirical model to estimate demand for toll calls as follows: 

t t t t t t 
In ZT .. = (Xii + 131 In PC .. + p2ln NSS. + P3ln NSR + P4ln IT. + Uii 

Ij ~ IJ I j I ~ 

where i= 1,00,9 (Administrative district)47, 
j=l,oo,3 (Rate levels), 
t= 1,00, 12(Quarters) 

t 
ZT.. : Number of total call from i to j at time t 

Ij 

l 

PC.. : Price of call from i to j at time t 
IJ 

l 
NSS. : Number of subscribers in place i at time t 

I 

(19) 

(20) 

47 Cheju-do was excluded from the fIrst two rate levels because more than 99.5% oftoll calls were made 
over the IOOkm rate level. 
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NSR. : Number of people in place j at time t 
J 

I 

IT.: Income tax in place i at time t 
I 

I . 
Uij : error term at tIme t 
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Everything else held constant, each coefficient represents the corresponding 

elasticity to the number of toll calls. We can also see that the double logarithm model is a 

constant elasticity model which has a constant value regardless of the visual point. The 

statistical technique employed here to estimate the demand function for toll calls is 

ordinary least squares regression in a least squares dummy variable (LSDV) model with 

panel data. 

6.6 ECONOMETRIC RESULTS 

The demand for the number of calls with mean call pulse is estimated since the 

traffic data of DDD is more reliable and more precise than others. Also, demand for 

operator assist calls is rapidly decreasing. Recently, relationships that combine time 

series and cross-sectional data have become a popular area of investigation for 

economists. This is partly due to the fact that panel data yields such a fruitful 

environment for the development of estimation techniques and theoretical results. 

We are confident that the difference between the 9 administrative districts can be 

viewed as parametric shifts (shifts the intercept) of the regression function. For this 

reason we considered the fixed effects model. We also performed Hausman tests to 
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determine the better vehicle between the fixed effects model and the random effects 

model. That is, 

Ho: The random effects model is appropriate (The preferred estimator is GLS). 
HI: The fixed effects model is appropriate (The preferred estimator is LSDV). 

Hausman statistics are 11.32, 34.42, and 11.51 for within the 30km rate level, between 

30km and 100km rate level, and the over 100km rate level, respectively (see table 23). 

All favor the fixed effects model over the random effects model for a 95% significance 

level.48 

The individual effect is aij which is regarded as a constant over time, t, and 

specific to the individual cross-sectional unit, i for each j rate level .49 By testing the 

constant terms of the difference across groups, the hypothesis that the constant terms are 

all equal is tested. That is, 

Ho: al = a2 = ...... = a8(a9) (regressors only) 
HI: al '* a2 '* ...... '* a8(a9) (regressors and group effects) 

F-statistics are 106.44(F7,84), 37.18(F7,84)' and 22.76(F8,9S) for within the 30km rate level, 

between the 30km and 100km rate level, and over 100km rate level, respectively (see 

table 23). We reject the null hypothesis that constant terms are all equal. 

Table 23 shows the empirical results for the three cases in model (20). The price 

elasticities are shown at -2.558 for within the 30km rate level, -0.419 between the 30km 

48 Hausman k degree of freedom is equivalent to Chi-Squared k degree of freedom. 

49lfwe consider the ai's to be the same across units, ordinary least squares provides consistant and efficient 
estimates of a and regressors. 
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and 100km rate level and -0.609 for the over the 100km rate level. An absolute value of 

elasticity -2.558, being greater than that of -1, appears surprisingly large, although we can 

not rule out this elasticity being less than unity since it falls within the 95% confidence 

interval of (-4.29, -0.82). More data is required to obtain a more useful estimate. Income 

elasticities vary between 0.142 for within the 30km to 0.263 for the over 100km rate 

level. These results seem reasonable with the exception of within the 30km rate level. 

The price elasticities are somewhat larger than their counterparts in Canada and the 

income elasticities are somewhat smaller than those in the US and Canada. 

Estimates of the price term of all 3 cases in model (20) are statistically significant, 

while estimates of income are not significant except between the 30km - 100km rate 

level. As for the measure of system sizes, the nwnber of subscribers for sending places 

and nwnber of people in receiving places both demonstrate positive effects on toll call 

demand. With the exception of the number of subscribers in the 30km area and the 

number of people in the over 100km area, all cases are statistically significant. Thus, the 

demand model successfully measured price and income etc. for toll call demand. 



TABLE 23 

COEFFICIENT ESTIMATES FOR TOLL CALLS 

Variable Coefficient t-statistic 

Within 30km 30km - 100km Over 100km Within 30km 30km - 100km Over 100km 
Coefficient(Estimated fixed effects) 
Seoul -53.996 -5.636 -59.505 
Pusan -52.267 -4.748 -63.576 
Kyonggi-do -52.310 -4.427 -59.726 
Chungchong-do -49.549 -4.291 -63.093 
Chollanam-do -49.938 -3.901 -63.162 
Taegu -52.254 -4.331 -63.491 
Chollabuk-do -46.567 -3.932 -63.117 
Kangwon-do -48.334 -3.510 -59.046 
Cheju-do N/A N/A -62.824 

PRICE OF TOLL -2.558 -0.419 -0.609 -2.894 -3.786 -2.390 
NUMBER OF SUBSCRIBERS 0.734 0.713 0.811 1.577 2.455 2.908 
NUMBER OF POPULA nON 3.785 0.478 4.101 4.458 2.545 0.969 
INCOME 0.142 0.373 0.263 0.614 4.827 1.451 

1. R - squared 97.4 97.2 98.5 

2. F - statistics 106.44 37.18 22.76 
3. Hausman (4 df.) 11.32 34.42 ! 1.51 

-N -
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7. CONCLUSIONS 

The telecommunications industry has developed by leaps and bounds, today 

playing an important role as a network in this information society in Korea. As a matter 

of fact, the development of the telephone network has formed the foundation of up-to

data communication technology and has brought about the extension of various services 

like electronic mail, fax, Video Tex. and other related special services. However, 

compared with developed countries such as US and Canada, Korea lacks an adequate 

understanding and efficient implementation of telecommunications services and will face 

major changes when the GAIT treaty opens the telecommunications market to foreign 

competition in 1997. 

The focus of this study is the demand for telephone services in Korea. It develops 

an econometric model based on North American models to enable a comparison between 

the demand characteristics of consumers in Korea and North America as well as forecasts 

of the effects of policy changes in the telecommunication field. In order to study call 

demand, we limit ourselves to two different types of demand. First, we discuss 

residential access demand in an attempt to find out how consumers' access to the network 

changes in the event of a price increase and how the network is affected by Korean 

consumers' income elasticity of demand for telephone services. Second, we analyze long 

distance (toll) call demand, because toll calls generate a much larger revenue, even 

though a higher percentage of calls are local. 
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Data were obtained from the Korean National Statistical Office and Korea 

Telecom. In order to study residential access demand, data on the percentage of 

households having a phone, prices, income, etc., were gathered for 270 Administrative 

Districts for the year of 1990. For toll call demand, data on number of toll calls made 

corrected for duration of call, prices, income, number of subscribers etc.. The scope of 

data includes nine areas, consisting of quarterly observations from 1990 to 1992. Thus, 

for long distance, pooled cross-sectional/times-series analysis was done. 

The objective of the residential access demand study was to use data on 

households to determine which factors affect the demand for residential telephone service 

along with the magnitude of these effects. The model used was designed to explain the 

binary decision of whether to subscribe to the telephone service. With aggregated data, 

the Pro bit model was used to predict the proportion of individuals who will obtain 

service. Factors controlled for were price of access, income and socio-demographic 

variables. 

The results are encouraging, with the effects of many variables found to be 

significant and with intuitively reasonable signs. The income elasticity of demand for 

residential access telephone service was calculated to be 0.00014 which is much smaller 

than the estimates obtained (0.0032) by previous researchers in Korea. The most useful 

finding in this study was that the price elasticity of demand for access is small but 

significantly different from zero. Specifically, the price elasticity was -0.0027, smaller 
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than that found in previous research (-0.039) in Korea. The finding is also smaller than 

that found for the US (-0.032 and -0.037). 

The size of household and the average age of its members are usually believed to 

be important to the demand for goods and services. Results confinn that these two have a 

significant effect on the decision to access to telephone service. Also, the more educated 

the household, the more likely it is to subscribe to telephone services. Differences in 

access to telephone service found among the census groups may also be attributed to 

differences in their degree of urbanization. Two other categories which had a negative 

impact on access were the concentration of fanning and fishing industry and moving 

status. Marital status, however, had a strongly positive affect. 

For long distance call demand, a double-logarithmic demand function was 

fonnulated and estimated using ordinary least squares in a least squares dummy variable 

(LSDV) model with panel data. The results were reasonable with the exception of the 

particularly large price elasticity within the 30km rate level. Overall, the price elasticities 

across all three rate levels are slightly larger than their counterparts in Canada and the 

income elasticities are somewhat smaller than those in the US and Canada. It is difficult 

to compare results with previous Korean studies, since they do not control for the rate 

level. 

It is hoped that the collection of disaggregated data in the long distance area will 

enable point-to-point modeling, which incorporates reverse calling. This is important in 

that it rationalizes the phenomenon of implicit contracts of the sort where "If I call you 
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today, then tomorrow it is your tum to call me." Among other things, the effect of this is 

to internalize over a period of time the benefits that a calling party confers on the party 

called. In addition, it is important to establish a more accurate measure of income, as this 

has proven to be an important aspect of the demand for telephone usage. These data 

improvements should greatly improve the accuracy of the model's predictions. 
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