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ABSTRACT 

Price elasticity estimates for toll telepoone services have played 

an increasingly important role in the decisions of British Columbia 

Telepoone Ccmpany arrl the canadian Radio-television and Communications 

Carmission. I-bwever, the results of any prior econanetric a11alysis can 

only be interpreted with regard to the range of variation in the 

variables studied. In vie1,t1 of this, the purpose of this thesis is to 

produce an:l evaluate price elasticity estimates inrorporatin:J the recent 

recessionary period. 

Two m:xlels were considerai. A lCXJ Koyck specification was found 

to be superior to the flON oojustJrent rrodel. In general, the results 

irrlicate that consumer behavior has changed significantly and price 

elasticities have beccme elastic on average. As work prCXJressed on the 

model it became apparent that several problems could effect the 

reliability of p:1rarreter estimates. Nonetheless, this does not mean 

that the price elasticities presentai here are without merit. Rather 

the usefulness of these results srould be interpreted in their ability 

to indicate the general direction and magnitude of toll demand 

elasticities arrl to p:,int oot problem areas raquirirg further research. 
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PREFACE 

This p:iper is the prcrluct of an Econanics Co-op p::>sition with the 

British Columbia Telephone Company. My primary employment 

responsibility was the theoretical and empirical evaluation of intra 

B.C. lo:rg distance teleph:>ne deman:l. Requira:l tasks included a review 

of related topics, data and methodology, the provision of current 

estimates, linking the resulting information with in-house computer 

nodels am fully oocurrenti:rg the prOCErlures utilized. I would like to 

express my sincere appreciation to Duncan Smeaton for making this 

opportunity available to rne. 

There are several other people WlO deserve recognition for their 

supp:>rt of this project. Marshall lee was kirrl enough to comment on a 

final draft of the paper. Debbie Gorham and Barb Nelson provided 

helpful suggestions at various stages of this study. '!hanks also go to 

Laurie Thatpson for translating my rather illegible handwriting into 

printed form. Finally, I am indebted to my thesis ·committee of 

Professors Jim McRae, Leo Bakony and Gerry Walter for their time, 

tolerance am guidance. 



I • INl'OOOOCTION 

The primary µ.n:pose of this thesis is to produce arrl evaluate price 

elasticity of dem3.m estimates for different long distance telephone 

services within British Cbluni:>ia. 'lhe neei for this study was prompted 

by one major factor. Previous estimation attempts are biased by a 

limited time series data 1:ase ....tiich excludes the rcost severe recession 

since the Great Depression of the 1930's. Extending the period of 

analysis soould allCM better estirmtes of toll price elasticities to be 

obtained arrl the investigation of consumer responses to significant 

changes in econanic envirornrent. 

KnCMledge of the price elasticity of dema.rrl by market segment and 

mileage wne is useful for planning future rate structures • When an 

inelastic narket has been identified, a real rate increase will increase 

total revenue. On the other hand, revenue may be increased in an 

elastic :rra.rket by lettinJ the rate of inflation lower the real cost of 

placin:J a toll ca.11.1 The latter asswiption will only be true in 

the soort run if constmers recognize small decreases in real prices. 

This information has also been used by British Columbia Telephone 

Conpa.ny to detennine the revenue impact of s~cific toll price changes. 

For exarcple, consider the CRTC's recent approval of a three percent 

1 Altb:>Ugh total revenue is na.ximi.zed v.hen the price elasticity of 
demarrl a:iuals one, profits will only follCM suit if :rra.rginal costs a:iual 
zero. Anore realistic rranagement strate:JY \.\Ollld :rra.ximi.ze profits where 
marginal cost a:iualled :rra.rginal reverue scmewhere in the elastic p::,rtion 
of the dem3.m curve. 
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general rate increase an::1 the prOllincial g::::>verrment's decision to irrp::ise 

a seven percent tax on le>n:J distance telephone traffic originating in 

2 B.C. 

The revenue implications of different price elasticities are 

surmarized in the follCMi.O:J table. 3 

Table 1 

Intra-B.C. Elasticity Effects 

1983 1984 
July - December 

Residence: 
Price Change 10.4% 10.4% 
Received Revenue 2.2% 2.1% 
Received Revenue net of tax - 4.5% - 8.4% 

Business: 
Price Change 10.8% 10.8% 
Received Revenue 6.9% 4.5% 
Received Revenue net of tax 0.0% - 2.4% 

Total: 
Price Change 10.6% 10.6% 
Received Revenue 4.2% 0.7% 
Received Revenue net of tax - 2.6% - 5.9% 

This report tests for structural changes in Intra B.C. toll 

callifl:J Oller a ten year period. Of i;articular interest are the effects 

of the late recession on consumer behavior. Residence and business 

calls have been distinguished by their point of origin. Further 

2 Canadian Radio-television an::1 Telecomunications Caranission, 
Teleccm Decision CRIC 83-8, June 1983 an::1 "Deluge of Legislation Creates 
Bedlam in House" Vanmuver (B.C.) '!be Sun, 8 July 1983 p. A2. 

3 H.G. ware an::1 M.R. Siddons estirrates of the :i.rrpact of these price 
alterations on Intra B.C. toll revenue are based on zero growth. 
Mem::>ran::lum, B.C. Teleph:>ne Ccrcp:my, 12 July 1983. 
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disaggregation is l:ased en the class arrl time of call. 'Ihis resultoo in 

nine residence arrl three rosiness segrrents with seven mileage zones. In 

all, the demand equations for eighty-four different toll telephone 

services are estimated. The implications of this method of 

disaggregatoo analysis :;ay be seen in a brief expansion of the "Table of 

Contents". 

Section II presents a brief history of British Columbia Telephone 

Company in order to become familiar with this particular 

telecanmunications carrier. In addition, a review of the relevant 

literature on toll demarrl was deaned to be instructive. In Section III, 

the dlaracteristics of the demarrl for teleph:me service are examined to 

detennine the theoretical foundation of the Intra B.C. toll demand 

rrodel. Variable definitions arrl the anpirical results from estimation 

of the rrodel are a::>ntainoo in Section IV. '!he cpal. of this procerlure is 

to provide a simple frarnerwork for iS'.:>latin3 the effects of price dlanJes 

holding everything else constant. My conclusions are contained in 

Section v. Recommendations for further research precede the 

observations which result fran an in depth analysis of the demand for 

intra B .c. 1009 distance telepmne services. Apperrlix A documents data 

sources and the derivation of all data files. This section also 

contains tables listin3 the calculatoo regression coefficients and the 

results of a structural dlanJe test. 
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II. BAO<GROUND INFORMATION 

II.l Origins of B.c. Teleph:me canpany 

The first teleph:mes were installed in British Coltmbia in 1878 on 

Vanca.iver Islarrl. William H. Hall manufactured two telephones which 

were installed between a mine arrl Departure Bay several miles away. Six 

years later, the first mainland system was established by the New 

Westminster arrl Port Moody Telephone Company Limited. However, the 

parent company of British Columbia Telephone Company was not 

incorporate:l until April 12, 1916. At that tine, the federal g:>vernnent 

granted the Western Canada Telephone Company the power to operate 

anywhere in the province of British Columbia. On November 29, 1919, 

Western canada Teleph::me canpany was granted permission to change its 

name to British Columbia Telephone Company. Shortly thereafter the 

assets of the largest provincial telephone canpanies were acquired by 

the federal canpany. '!his was the beginning of B.C. Tel as it exists 

today. 

GrCMt.h arrl Corporate (),Jnership 

Fran 1952 to 1978, B.C. Telephone Company expanded its service 

area until it 110tJ includes ninety-seven percent of the geographic land 

mass arrl rrost of the p:,pulation of the province. 'lllis was accomplished 

by p..irchasin:, the assets of several sraller canpanies; Mission Teleph:me 

in 1952, Kootenay Telephone in 1953, Chilliwack Telephone in 1954, 
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N:>rthwest Telepoone in 1961, am Okanagan Telepoone in 1966. The major 

exceptions rx:>t a:>vered by the B.C. Tel service area are the city of 

Prince Rupert an::1 ocme isolatErl locations alo03 the northern border of 

British Coluni:>ia. 

Anglo-canadian Telepoone Ccrcpany has a:>ntrolled a large percentage 

of B.c. Telephone Company voting stock since 1935. Other major 

stockholders include B.C. Resources Investment Corporation and General 

Telepoone ar:rl Electronics Corporation. With a majority interest in 

Anglo-canadian Telepoone, GI'E effectively controls B.C. Tel. In turn, 

B.C. Telephone owns two operating canpanies. It purchased all the 

outstan::1i03 shares of canadian Telephones and Supplies Ltd. in 1973. 

This finn specializes in the installation of large automated office 

equipnent. F\lrthenrore, AEL Microtel LimitErl became a subsidiary of 

B.C. Tel in 1979. '!he assets of bNo rranufacturing organizations, GTE 

Autanatic Electric an::1 GTE I.enkurt Electric, were acxiuirErl an::1 canbinErl. 

Microtel rranufactures telecamunications equipment and has one of the 

largest research an::1 develcprent organizations in canada. 

History of Regulation 

Like nost other public utilities, British Columbia Telephone 

Carp3.ny is re:JUlated by the government. Prior to 1976, the company 

reported to the Canadian Transport canmission due to its federal 

charter. Any matters related to rates, services or the issuance of 

capital stock IID.lst rDN re appr0vErl by the Canaiian Radio-television ar:rl 
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Telecommunications Commission. This important change placed all 

regulated communications carriers under the auspices of one 

administrative agency. 'Ihe rationale behirrl this rrove was ta.sed on the 

belief that a sir)3le organization caild rrore effectively harrlle problems 

encaintered in the irrlustry. 

To a large extent, the reJUlation of teleph::me service in British 

Colurrbia reflects both o:mnissions rrarrlate to serve the public interest. 

This responsibility has been interpreted in a manner which makes the 

provision of a high quality service to as nany canadians as possible a 

major priority. l'llether this objective serves the public interest is 

not oonsidere;i in this analysis. However, an impressive penetration 

level has been achieved through public pricing policy. Over 

ninety-eight percent of the houseoolds in cancrla now have some type of 

telephone service. The following rate case awards demonstrate a 

terrlency to subsidize local residential service by price discrimination 

in the toll arrl rosiness markets. 

Rate Case Awards 

On Septenber 1, 1921, the Catpany obtained its first general rate 

increase. '!his ten percent addition to price generata:1 revenue used to 

rceet operating costs and provide a reasonable return to investors. 

Since that time, B.C. Telephone Ccrrpany has receive;i twelve additional 

general rate increases fran the Cancrlian Transport Commission and the 

Canadian Radio-television and Telecommunications Commission. The 
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outline belON surme.rizes these rate increases and their effect on the 

price of different teleph:>ne services. 

Septali:>er 21, 1950: 

The Commission's decision allowed business and residential 

exchan:Je rates to be increased by a total of 15.39 percent. 

January 8, 1952: 

In their final decision, the camri.ssion confinnerl an interim toll 

rate increase of 12.42 percent an::l a ~neral excnange rate increase of 

12.88 percent. 

Mardl 24, 1953: 

An interim rate schedule representin3 a 12.2 percent increase in 

toll services an::l a 100 percent increase in lcx:al coin teleph:>ne service 

was approved. In addition, a 9.95 percent increase in exchange rates 

was autoorized. 

July 18, 1958: 

An increase of 2.97 percent in exchange and toll rates was 

approved by the Ccmnission. 
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Decerber 24, 1958: 

Increases in toll and exchange rates of 11.43 percent were 

aut.h::>rizerl to allON the Conpany to ~tits incane tax obligations 1:ase1 

on a revised acC'O..ll1tin:J procedure. 

July 30, 1971: 

Effective on September 1, 1971, exchange service rates were 

increaserl 2. 5 percent while toll rates increaserl fran 5 to 10 percent. 

January 16, 1975: 

The canm:i.ssion auth:>rize1 exdlarge increases of 4.7 percent for 

residential arrl 9.5 percent for l:usiness rates effective February 15, 

1975. Furthennore, service charges were instituted for several 

cate.:Jories of c:perator han:UErl calls, e.g. person to person. 

Noverrber 3, 1975: 

Residential service rates were increased 15.4 percent effective 

January 1, 1976. M::ist other service rates ,;,.,,ere increased 19.8 percent 

by the Ccmni.ssion. 
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May 17, 1977: 

The rates for long distance calling within B.C. increased by 10 

percent effective May 30, 1977. Weekend discounts 'Nhich were also 

autmrized set a rraxinun dlarge of 35 cents per mirute. 

January 29, 1981: 

Residential exchange rates increased 12.5 percent while business 

exchan;e rates increased 15 percent. lorg distance rates were increased 

in a rra.nner .....tiich was estirnaterl to increase total reverue by 2 percent. 

All new rate structures becaire effective February 2, 1981. 

May 3, 1982: 

Intra B.C. toll service rates increaserl an average of 6.3 percent while 

several service dlarges increased by 20 to 100 percent effective May 5, 

1982. 
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June 22, 1983: 

The Commission authorized increases of 3 percent for both 

residence and business exchange rates and most other telephone 

services.4 

Evidence on toll price elasticities was introduced in the latter 

three rate cases. N:,t only were rate applications designe:i aro.md these 

estimates, but the awards granted by . the Commission explicitly noted 

their importance to the decision process. Intervenors were 

characterized 1:Jy a limi.te:i knCMledge of lol'l3 distance demarrl studies arrl 

were therefore unable to p:irticipate effectively in this aspect of the 

public hearirl3s. A basic understarrlil'l3 of the rrethodology behind such 

studies can be obtained fran publishe:i research. 

This reliance on elasticity estimates does not mitigate the need 

for other types of infonnation. 'lhe ~ ca.ild also benefit fran rrore 

4 Much of the atJ>irical infonnation containe:i in this section was 
obtaine:i fran B.C. Teleph::me Conpany's, Fact Book, June 1981, pp. 3-17. 
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extensive use of contarp::>rary researdl. W'lile the Ccrnmission' s powers 

enable it to corrluct researdl oo the public's behalf as well as require 

the necessary infonnation fran regulate:1 finns, very little progress in 

this direction has been forthcani~. 'l'his hlrden has traditionally been 

met by J:8.rticipants in regulatory hearings. Given that nost canpany 

data is of a confidential nature and unavailable to intervenors, the 

camd.ssion's decisions cnild be improved by its constructive use of the 

full array of data available fran the B.C. Teleph::>ne canpany. 
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II.2 A Synq:,sis of Existing Literature 

In the pervasive regulatory envirorment, it is not too surprising 

that the number of publications bearing on the estimation of long 

distance teleph::me demarrl is quite extensive. 'Arry consequent studies of 

demand should be founded on this previous research. The articles 

selected for review here were chosen so they constituted a 

representative sample of the literature on this subject. 5 Given 

this limitation, the following abstracts still provide useful 

infonnation on the theoretical relationship of variables arrl alternative 

functional fonns of an econanetric ItO<El. 

Luke arrl Yatrakis (1971) 

In a seminal article produced for AT&T Long Lines and the 

Hawaiian Teleph:me carpany, they develq:,ed a toll message demand rrodel 

for traffic fran Hawaii to the continental UnitErl States. '!heir data is 

quarterly ( 1961 ( 4) - 1969 ( 4)), arrl aggregates residential and business 

callin:J. Ci ting established theory, a da.lble logari tlJnic form was used 

for estimation. H:Jwever, this :i.rrq)licit assU1Tption appea~ to be rrore a 

natter of convenience than a vie.vpoint justified by previous econcrnic 

researd1. 'Ihe rrodel contains four independent variables: an index 

representin:J price, national a-cployrrent, the number of tourists and a 

seasonal dunmy. 

Sseveral other publications on telepmne denarn are sunmarizerl in 
Lester Taylor's, The Demand for Telephone Service: A Survey and 
Critique of the Literature, (Caribridge: Ballin:Jer Publishing Company, 
1980) 
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The price variable (P) measures the average charge for long 

distance calls weighted ~ the respective volume of calls within rate 

classes and deflated by the Hawaiian Consumer Price Index. Price 

chan;Jes were lagged fifteen days to acca.mt for consumers hypothesized 

response time. Several macroeconomic variables were tested for 

significance. Of per capita income, gross national product and 

employment, the latter (E) was found to obtain the best results. The 

ta.irism variable (V) was also statistically significant. A dummy (D) 

was included after examination of the residuals indicated that the 

estimated first quarter values differErl substantially from the actual 

values.6 

Table 2 

Ix>uble log Coefficients for Hawaiian 
to the Continental U.S. Toll Derrand 

Variable Total Toll 

P/CPI -1.02 
(-3.11) 

E 4.03 
(6.55) 

V 0.16 
(2.39) 

D 1.14 
(4.94) 

D.W. 1.261 

R2 .994 

Source: l.ilke am Yatrakis (1971) p. 744. 

6 Stan::iard errors are reportErl in the Chen am Black (1976) am Rea 
and Lage (1978) studies. All other tenns in brackets are t test 
statistics. 
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A stability test of the coefficients was then rrade by forecasting 

the number of messages in 1970. The percent deviation of these 

forecasts fran the actual nwnber of messages had a largest absolute 

deviation in any quarter of 3.3 percent. 'Illis sh::>rt range forecasting 

adlieved irrpressive results even th::>ugh the actual values of the 1970 

explanatory variables were used. A major contribution of this paper was 

the interest it sparked arro~ academics. Stx:>rtly after its publication, 

several in::leperrlent ~ries were made to nodel the demand for toll 

teleph::>ne services. 

Ix>bell, 'Iaylor, wavennan, Liu arrl Copelarrl (1972) 

This paper was dlosen because it utilizes the Houthakker-Taylor 

(1970) approach to m:xlel toll denarrl across Cancda as well as presentiI13 

prcxluction arrl invesbrent nodels. The data used for the Bell Canada 

results reported here was an annual ti.Ire series fran 1950 through 1967. 

Linear stock arrl flo.v rrodels were estimaterl for both the residential arrl 

business sectors. 'Ille deperrlent variable was revenue (disaggregated in 

the residence equation) deflated by a price index. Independent 

variables included a lagged deperrlent variable ( Ot-l) , personal 

disposable income for Quebec and Ontario (Xis per capita in the 

residence equa.tion)· arrl a toll price index in the residence equation 

(P). All variables are in tenns of 1967 dollars. 
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Table 3 

Coefficients for Bell canada 1on9 Distance Denand 

Variable Residential Business 

Ot-1 .8674 .8708 
(2.77) (5.74) 

~Xt .00117 
(1.02) 

Xt.-1 .00103 
(0.65) 

Xt .00213 
(1.59) 

bPt -.0248 
(-4.04) 

Pt-1 -.00927 
(-1.01) 

n.w. 1.95 2.37 

R2 .993 .990 

Source: D:>bell et al (1972) pp. 178 - 184. 

The stock oojustrrent results were reporta:1 because they yielded the 

best parameter estimates. The absence of a price variable in the 

business e:;iuation contradicts accepterl econanic theory. Furthennore, 

the use of the starrlard Durbin Wats::m statistic was not appropriate to 

test for first order serial correlation as a lagged dependent variable 

was included in the estimaterl e::iuation. 'Ihe rosiness e::iuation is just a 

special case where several coefficients are not significantly different 

am the functional fonn collapses to a Koyck rrodel. Sh::>rt run price an:1 

incane elasticities were quite inelastic while long run elasticities 

were very elastic. '!his prol:Bbly occurrerl because the lagged dependent 

variable oontributa:1 rrost of the explanatory µ:,wer for ooth rrodels. 'Ihe 

important oonclusion revealed in this study was that consumer habit 

fonnation str003ly influences toll CEl't'lail:i. 
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carr (1973) 

This study uses an ea::>nanetric nodel to estimate the toll message 

demarrl function for Bell Canada. Using quarterly data fran 1949 to 

1967, output was definoo in temis of the main characteristics of toll 

messages. 'Ihese are the percentage of messages at full rate ( FUL) , the 

percentage of person to person calls (PP), the average length of 

ioossages (D) arrl the average duration of calls (T). Other included 

irrleperrlent variables were the averagE! revenue per loll3' distance message 

(AR), personal dis,IX>Sable incnre for Ontario arrl Quebec (Y), population 

(POP) arrl seasonal dunmies ( s1, 82, s3) • Average reverue 

and personal disposable income were converted into real terms by 

deflatill3' by the CPI for the residential and coin equations and by an 

irrplicit GNP deflater for the rosiness equation. 
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Table 4 

ordinary Least Square Pararreter Fstimates of the Explanatory Variables 

Variable Residence B.lsiness Coin 

S1 -.54 -.52 -.07 
(-3.30) (-3.17) (-1.84) 

S2 -.22 .20 .004 
(-1.53) (1.36) (.12) 

S3 .24 .24 .30 
(.93) (1.48) (6.40) 

AR -6.29 -1.41 -.22 
(-4.36) (-.91) (-.41) 

T -.16 -.75 -.07 
(-.28) (-.61) (-.43) 

D .04 -.006 -.009 
(3.74) (-.48) (3.16) 

pp -.10 -.06 -.004 
(-3.00) (3.30) (-.57) 

FUL -.03 -.08 -.002 
(-2.48) (-1.66) (-.48) 

y .63 .93 .02 
(3.73) (5.77) ( .68) 

POP -.0005 -.003 -.002 
(- .65) (-.46) (- .03) 

o.w. 1.95 1.17 1.37 

"R2 .99 .99 .86 

Source: carr (1973) p. 306. 
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'lhe price arrl incane elasticities were evaluated at the means of 

the variables. Business and coin demand were found to be price 

inelastic while residence demand was price elastic. The income 

el.astici ties for residential an:1 rosiness dernarrl were elastic 'While coin 

was inelastic. Al.tlnlgh these variables display signs consistent with 

econanic theory, many of the other parameter estimates were perverse arrl 

not statistically significant. Fbr exarrple, the negative coefficients 

for p::,pulation should be positive and are not even mentioned in his 

analysis. A plausible explanation for some of his other unexpected 

results 'Which was offererl is that the definition of the functional form 

as a linear cx:rru:>ination nay not te apprcpriate. N:>netheless, this paper 

advances knowledge by eliminating this particular formulation from 

further CXX1Sideration. 

wavennan (1973) 

In this paper, the approach of Corell et al was slightly nodified 

arrl irnproverl. 'lhe nonnalization of the deperrlent variable by the stock 

of teleph::mes rather than p::>pul.ation acccunts for the difference in the 

demand for access compared to the demand for use. In addition, a 

quality variable was introduced to represent the change in telephone 

service caused by iroproverl tedmol03Y. '!his measure was defined as the 

percentage of toll calls dialed by an operator. Both stock and flow 

adjustment rcodels were utilizErl to explain toll callin:J for Britain and 

a log Koyck nodel for canaaa. Since the m::>dels specified for Britain 

contain rrore infonnation, the rest of this survey will concentrate on 
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three major regressions using the total number of messages as the 

deperrlent variable. 

The explanatory variables are real per capita consl.llner experrliture 

(X), the price of an average long distance call divided by the first 

class postal rate (P) am the quality variable (D). 

Table 5 

Flow Adjustnent Coefficients for Britain 

Variable Per ca.pita 

1.102 
(32.9) 

-.0008 
(.26) 

-.0059 
(1.52) 

o.w. 1.45 

°R2 .996 

Per Capita 
with Q.rality 

.976 
(20.8) 

-.0041 
(1.57) 

-.0095 
(2.89) 

-.01 
(3.28) 

2.05 

.996 

Source: wavennan (1973) Apperrlix Table c. 

Per Teleph:me 
with Q.rality 

.547 
(3.48) 

.0055 
(3.85) 

.1347 
(5.84) 

.274 
(2.91) 

1.75 

.998 

These results in:licate that the adjustanent of the deperrlent 

variable by the nmi:>er of teleph::mes improves paraireter estimates. In 

the Ibbell rrodel, the consl.llner resp:mse coefficient appeare::i to be too 

large am darrpene::i the effects of the other explanatory variables. 

Thus, the significance of the price arrl incane variables increase::i usin3 

this specification. 
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Table 6 

Stock .Adjusorent Coefficients for Britain 

Per Capita Per Teleph:me 
Variable Per capita with ~lity with Quality 

1.08 1.02 0.38 
(32.2) (17.5) (1.62) 

-.026 -.027 .007 
(2.69) (2.23) (1.20) 

-.0004 .0002 .0005 
(2.69) (1.29) (0.42) 

-.008 -.014 -.279 
(1.15) (2.16) (2.91) 

-.002 -.005 -.004 
(0.25) (0.63) (1.04) 

-.023 -.785 
(1.91) (3.36) 

-.028 -.362 
(1.36) (1.61) 

D.W. 2.61 2.13 

.996 .998 

Source: wavennan (1973) Apperrlix Table D. 

Several elasticities were derived fran these equations. The 

aggregate lon:J run price elasticity for both residential and business 

custaners was inelastic using the flow adjustment nodel. Wavennan 

postulates that the stock adjustment nodel is inappropriate due to an 

irrplausibly lc,.,.r price elasticity estimate. Incc:roo elasticities averaged 

slightly above unity. Al though logarithmic fonn cannot be used to 

estimate a stock adjustment nodel, it can be developed for the flow 

adjustment nodel. 
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This study develops econometric nodels of toll demand for the 

states of Oregon arrl Washirgton. '!heir data is p:>oled time series and 

cross section fran the secorrl quarter of 1970 to the fourth quarter of 

1975. Three functional fonns are specified: simple Koyck, log Koyck 

and a log Koyck where income and price enter the roc>del linearly. 

Explanatory variables are the average price of a three mi.rote call (P), 

per capita national disposable incane (Y), a habit formation proxy 

(Ot_-1), seasonal durmri.es (s2 - s4 ) arrl a durm1y variable (C) 

used to represent a dlanJe in rate charges from three minutes to one 

mirute. '!be deperrlent variables were the average n.mber of nessages per 

main.station. 

Table 7 

Intrastate Paraireter F.stimates of IDns Distance Telephone Derrand 

Variable Koyck If?3 Koyck Adapted Log Koyck 

Pit -.157842 -.172038 -.006607 
( .099563) ( .103995) (.004131) 

Yit .005677 .672764 .000242 
(.001793) ( .224020) ( .000076) 

Oit .540123 .515582 .508022 
( .094845) ( .092930) ( .092972) 

Cit 2.513340 .111099 .103932 
(. 757237) ( .034300) ( .030321) 

82it 1.812908 .081669 .081411 
( .397129) ( .013761) ( .073668) 

S3it 2.080586 .081669 .081411 
(.321746) ( .013761) ( .073668) 

S4it -2.247240 -.124496 -.124772 
( .684327) ( .029249) ( .029049) 

D.W. 2.44 2.39 2.27 

R-2 .915 .911 .912 

Source: Olen arrl Black (1976) Appen:lix Table 1. 
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Besides reporting the Durbin Watson test statistic, several other 

less obvious pitfalls are hidden in this report. Perhaps the nost 

irrp:>rtant is that no tests were made to see if pooling of the time 

series arrl cross section data was reasonable. The authors appear to 

assume that rustaners in Oregon arrl Washin:Jton are a homogenous group. 

Interpretation of the results of the estimated functions is also nore 

than a little tricky. Cross section estimates provide long run 

elasticities while the time series data will produce short run 

elasticities. '!he soort arrl 1003 run price elasticities listai are very 

inelastic with ino:me elasticities becaning elastic in the long run. 

These results are inconsistent with a large portion of the existing 

literature arrl further suggest that the use of highly aggr~atai data is 

inapprq,riate. 

Dreessen {1977) 

This study is the orginal attarpt at estimating Intra B.C. toll 

denarrl. Preliminary investigation was initiated in 1976 in order to 

provide evidence on elasticities for future rate structure design. A 

Hildreth-Lu transfonration in logrithmic fonn was used to represent the 

gradual adjusbrent of oonsl.Illers to envirormental changes over time and 

reduce the pro1:ability of serially correlated errors. The dependent 

variable for eighteen disaggregated market segments was minutes per 

residence or business main station. In addition, the data series 

consistai of nonthly observations fran 1972 throogh 1975. Independent 

variables \.tlere revenue per minute { R/M) , real personal disfX)Sable incane 

and gross domestic product for B.C. {PDIRESI, GDPRESI), the 
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Vancaiver consumer price in1ex (CPIVAN) an1 several durrmy variables for 

chan::Jes which cail.d 'be expected to influence long distance telephone 

demm::1, e.g. JX>Stal strikes, (POSIDUM). 7 

Table 8 

B.C. Telephone Q:npany's o.vn Price Elasticities (0 - 30 Miles) 

Seglrent Residence 9..lsiness 

Day ODD -.622 .149 
(2.34) ( .69) 

SOH -.493 -.705 
(2.06) (3.0) 

pp -.282 -.487 
(2.52) (4.7) 

Evenin:J ODD 1.065 1.113 
(2.58) (1.31) 

SOH -.535 -.420 
(2.61) (1.91) 

PP -.421 -.521 
(2.92) (3.26) 

I.ate Night ODD -2.189 -2.476 
(7.65) (6.10) 

SOH 1.136 ._833 
(7.65) (6.10) 

PP -.045 -.710 
( .23) (3.42) 

Source: Dreessen (1977) p. 63. 

7 An explanation of the abbreviations follOflS: DOD represents 
direct dialed callin:J, OOH stan1s for cperator handled calls and PP is 
equivalent to person to person oalls. 
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Alth:>Ugh the results exhibit unrealistic i;arameter values and the 

wron:J sign on &:Ille cx:,efficients, they do derronstrate that disaggregate 

analysis provides estimated cx:,efficients significantly different from 

zero. 'lhe elasticities oo not sbJw any consistent relationships between 

call classes or the type of call. 

Rea arrl I.age (1978) 

The U .s. demarrl for international teleph:me, telegraph and telex 

services is presented in this study. 'Ibis i;aper is reviewed because it 

is one of the few articles which incorporates the price of potential 

substitutes. Pooled cross section (37 countries) and time series 

(yearly 1964 - 73) data are used for estimation. The dependent 

variables are the total nurrber of sent messages rrodeled in logrithmic 

Ordinary I.east Squares arrl Generalized Least Squares specifications. 

The in::lepement variables are the average price of each service (PTP, 

PI'X, Pm) divided by an :i.nplicit price deflator for U.S. gross national 

proo.uct (P), total disp:>sable income (DISING) and the value of trade 

with each cn.mtry (TRADE). 

Table 9 
Coefficients for u.s. - International Telephone Derrand 

Variable OLS G[S 

TRADE .357 .520 
(0.87) (0.58) 

PTP -.548 -.725 
(.159) ( .156) 

pro -3.171 -2.933 
(. 309) (. 300) 

DISIOC 2.971 2.624 
(.192) ( .162) 

~ .964 .810 

Source: Rea arrl I.age (1978) p. 370. 
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'Ille price elasticity for l<:n3 distance telephone service is inelastic 

usirg l::oth ireth:xls while the ina:me elasticities seem abnormally high. 

This is probably due to a failure to crljust both the income and trade 

variable into real tenn.s. '!he rrost significant problem with this report 

is the autoors definition of the price variables as an "unweighted" 

average of prices across all classes of service. 

Bernstein ( 1980} 

The theoretical and empirical evaluation of the demand for 

B .c. Tel services is presented as a section of this paper. Annual data 

fran 1961 through 1977 was utilized to estimate the toll demand 

equation. A lbx-Cox generalized deman:l function was derived to test for 

the apprcpriate functional fonn. Ibuble log rrodels witlout cross price 

effects prOV'ided the best first order approximation. Thereafter, the 

depen:lent variable was defined as the number of toll messages (SN}. 

Explanatory variables included the average revenue per message (QN}, 

grcss provincial _product of British O:,lumbia (Y}, the total number of 

teleph::>nes (SL} am a dichotarous dumny variable introduced to represent 

special events ( DUM} • 

Table 10 

D:>uble log Paraireters for B.C. Toll Denruld 

Variable Total Toll 

QN -.593 
(-6.614) 

y 

SL 

R-2 

Source: Bernstein (1980) p. 24. 

.972 
(3.642) 

l-042 
(2.842) 

-.095 
(-3.091) 

.998 
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As irrlicated above, all variables are statistically significant 

while the average price arrl inccme elasticities are both inelastic. 'I\t.o 

factors rerrler Bernstein's results rather questionable or inapplicable 

for decision nakin:J. First, the use of only sixteen data p::>ints is not 

sufficient to establish rruch faith in his results. Furthennore, the 

aggregation of all l<:>03 distance call classes into one toll category 

reduces the Ill.lnber of rreanin:Jful uses that CCl.lld have incorporated these 

estimates. 

Johnston (1982) 

This study is the rcost recent version of the intra B.C. toll 

demrrl rcodel. The price elasticities for sixty-six different long 

distance telephone services are estimated using a log Koyck 

specification. Minutes per ma.instation is the dependent variable. 

Indeperrlent variables v.rere defined as deflated revenue per minute, real 

per capita personal disp::>sable incane, real per capita GDP and dummy 

variables to account for external shocks, e.g. postal strikes. A 

rconthly data series (1973 - 1981) was developed and then seasonally 

adjusted usin:J an X-11 proceiure. 'lhe elasticities presented in this 

paper provide an easy reference for canparing the results developed 

later in the estimation section. 
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Short Run Price Elasticities 

Segments Mileage Bands 

0 - 10 11 - 25 26 - 50 51 - 100 100 - 300 300t 

Residence: 
11-bn - Fri - , 0315 -.1764 -.1551 -.2264 -.4321 -.746 
DDD, Day (-.59404) (-2.55) (-3.34) (-3 .83) {-4.27) {-4.92) 

Residence 
11-bn - Thu -.9058 -.2720 -.2534 -.3587 -.3223 -.2639 
DDD, Eve (-1.1901) (-2.66) {-4.07) {-4.14) {-3.80) {-3.76) 

Residence: 
Fri -.4215 -.7489 -.4325 -.6297 -.6983 -.5222 
DDD, Eve {-3.14) {-5.36) (-4.09) {-5.70) {-6.54) {-6.45) 

Residence: 
Sat -.3799 -.0326 -.15847 -.3218 -.5071 -.5720 
DDD, Day {-3.34) {-.76) {-2.13) {-3.39) {-5.76) {-6.37) 

Residence: 
Sat -.4365 -.6277 -.3443 -.7678 -.7086 -.5832 
DDD, Eve (-2.41) {-4.83) (-3.68) (-5.84) {-8.00) {-7.24) 

Residence: 
Sun -.3635 -.4921 -.4109 -.6202 -.8275 -.86874 
DDD, Day & Eve {-2.84) (-4.29) {-4.08) (-5.35) {-7.33) {-7.62) 

Residence: 
11-bn - Sun -.5260 -.2851 -.2229 -.3313 -.223 -.6031 
DDD, Late Night{-4.74) {-2.55) {-2.23) (-3.11) {-2.36) {-4.83) 

Residence: 
11-bn - Fri -.7064 -.2022 -.1783 -.3975 -.2939 -.3146 
SOH, Day {-5.40) (-3.09) (-2.89) (-3.42) (-2.33) (-2.54) 

Residence: 
11-bn - Fri -1.15 -.3594 -.3148 -.5008 -.3819 -.4725 
SOH, Eve (-7.93) (-3.63) (-3.57) (-4.74) (-4.33) (-4.60) 

Business: 
11-bn - Fri -.7444 -.1611 -.1622 -.2088 -.1904 -.2309 
ODD, Day (-1.24) {-2.02) {3.13) (-3. 70) (-2.77) (-3.18) 

Business: 
11-bn - Fri -.4734 -.1620 -.0189 -.0149 -.0013 -.0295 
SOH, Day (-4.40) (-2.79) {-.35) ( .-23) {- .02) (-.38) 

Source: Jdmston {1982) p. 23. 
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Lagged Dependent Variable Coefficient 

Seg!rents Mileage Bands 

0 - 10 11 - 25 26 - 50 51 - 100 100 - 300 300+-

Residence: 
Mon - Fri .8115 .8611 .8773 .8554 .6819 .5992 
DDD, ray (18.64) (21.88) (27.92) (24.72) (10.53) (8.07) 

Residence 
Mon - Thu .7893 .8006 .8237 .7503 .7218 -.7895 
DDD, Eve (18.02) (14.99) (22.34) (14.87) (11.688) (14.285) 

Residence: 
Fri .4458 .4082 .5745 .4768 .3642 .3702 
DDD, Eve (7.34) (5.55) (8.84) (6.73) (4.45) (5.35) 

Residence: 
Sat .5292 .8239 .71047 .6308 .4986 .4115 
DDD, ray (7.37) (19.02) (12.07) (9.90) (8.03) (6.57) 

Residence: 
Sat .3260 .4728 .6571 .3793 .3154 .3393 
DDD, Eve (3.76) ( 7 .12) (11.21) (5.14) (4.97) (5.45) 

Residence: 
Sun .5194 .6454 .6484 .5339 .3236 .2936 
DDD, ray & Eve (7.47) (10.84) (10.71) (8.14) (4.19) (3.67) 

Residence: 
Mon - Sun .5060 .7622 .8606 • 7971 .7993 .5766 
DDD, Late Night (6.80) (11.87) (15.52) (14.44) (12.44) (7.20) 

Residence: 
Mon - Fri .5611 .8565 .8548 .7742 • 7958 .7937 
SOH, Day (8.73) (23.34) (21.85) (14.87) (13.59) (14.84) 

Residence: 
Mon - Fri .4329 .8288 .7471 .6290 .6342 .5778 
SOH, Eve (7.13) (18.69) (13.74) (9.88) (8.69) (7.20) 

Business: 
Mon - Fri .7433 .7721 • 7815 .7267 .7608 • 7649 
DDD, ray (16.74) (13.48) (15.85) (14.35) (12.58) (13.12) 

Business: 
Mon - Fri .4551 .6411 .7766 .7875 .8861 .8884 
SOH, Day (6.09) (10.06) (13.59) (15.37) (20.25) (17.51) 

Source: Jchnston (1982) p. 24. 
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Several conclusions can be drawn fran this analysis. Price 

elasticities increase with the leD;Jth of haul arrl rosiness segments are 

nore inelastic than residential sectors. The disaggregation of toll 

traffic by class arrl mileage zone also appears to provide reasonable 

results. Problems with her paper include the unrealistic use of per 

capita GDP in the rosiness segrrents arrl a data l:ase \thich v.as inaccurate 

am in nost oases ra:iuirErl revi&>n l:ack to 1976. 

In ~neral, this selective reviet.1 of the literature yields some 

ircp)rtant infonna.tion. Fbr exarrple, i;rice arrl incane elasticities tend 

to re inelastic in the soort run and becane rrore elastic in the long 

run. '!his oonclusion is consistent with econanic theory and will be 

used to partially gauge the validity of this study' s results. other 

observations \thich were identifiErl am are inoorporatErl later include: 

1) seasonally adjusting real econanic data provided sui;:erior estimates, 

am 2) adjustin3 the dependent variable by the number of telephones 

acC'all1tErl for the net\\Qrk externality arrl irnprovErl pararreter estimates. 

For these reasons, a similar definition of variables appears to be 

desirable fran an enpirical stan::'lpoint. 

The rrajority of publications also si;:ecify s::>me form of a dynamic 

demand structure. Reading summaries and articles on thirty-eight 

different telepoone demarrl ~ries sh::,wej that twenty-seven of these 

papers used either the flON adjustment or Koyck si;:ecifications to rrodel 

the dynamic nature of telepoone dernan::i. In addition, a large number of 

articles providErl evidence to the effect that a non-linear functional 
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fonn producerl the nost rohlst results. The econanic foundations upon 

which all these studies -were taserl is discusse:i in the next section to 

obtain a nore ccnplete picture of the apprq:,riate methodology for toll 

telepoone deman:i analysis. 
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III. r-DDELLING INI'RA B.C. 'IOIL DEMAND 

III.I 'llleoretical Relationships of Variables 

Lo03 distance teleph:>ne services oan be dist.in;Juisherl by the time 

of a:i.11, the customer class, the method used to gain access to the 

network (whether directly dialed or q;>erator assiste:i} arrl the le03th of 

haul (distance of a call}. Based on these characteristics, twelve 

market segnents arrl seven mileage zones were identifie:i. 'llle next step 

involved in estirnati03 the demarrl for all these different toll services 

requirerl a definition of the quantity to be explaine:i. Several studies 

use the nurrber of rressages as the dependent variable. However, this 

measure of volurre fails to oonsider the le03th of a conversation. Since 

the average duration of a call will have a significant impact on 

revenue, this p:iper uses minutes per nain station to capture the effects 

of explanatory variables.8 

Willi~ess to !BY for teleph:>ne services will depend on several 

econanic variables. A change in any of these observations would be 

reflected in a corresponding increase or decrease in the quantity 

demarrled. In addition, the fundaxrentally different nature of business 

and residential long distance demand requires two separate demand 

specifications. F.conanic cbctrine suggests the foll0Ni03 relationships 

ano03 variables. 

8 In a regulatory environment prices can be taken as exogenoosly 
detenninerl arrl the minutes per main station would equal demand where 
excess capacity exists. 



32 

Prices 

Given a dlan:Je in teleph::>ne toll price, the quantity of service 

consurred \t,Olld be expecte:i to dlc!D:Je in the opposite direction. This 

view is rese:i on the assurrption that lon:J distance calling is either a 

normal or inferior g:>od. '!he only exception \lihich could occur is in a 

situation \lihere sane i=articular service is regarded by consumers as a 

status syrrbol. 

To the extent that convenient substitutes are available, demand 

for minutes of 1003 distance callir¥J will be nore elastic. Residential 

custaners might consider letters, telegrams and meetings in the park 

viable substitutes. Cb the other han::1, business organizations may find 

it difficult to operate with verbal committments alone. It is 

conceivable that they consider telephone service as a canplement to 

their daily operations. Therefore, the price of any goods closely 

relate:i to toll calls am be expected to have a direct impact on the 

qtB.ntity of service purchase:i. 

Incane 

An increase in personal incane ~ld produce an :irrrrediate JX)Sitive 

influence on the duration of phone conversations. Of course, this 

assunes that current rather than penuanent incane detennines the number 

of toll minutes consurred. If the alternative hypothesis is accepted, 

lagged values of income which decline gee.metrically over time are 
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included in the econanetric nodel. Either approach seems reasonable. 

Previous estimation by many independent researchers has shown this 

variable to consistently obtain the expected sign and have a 

statistically significant coefficient usinJ both rretlods.9 

Preferences 

Personal preferences form largely from habit. Therefore, it 

ap~ars likely that the leOJt,h of calls made next rronth will be at least 

partially detennina:1 by ~cples consurrption of telephone service this 

rronth. Perhaps of equal importance is the nature of the adjustment 

process. Buyers of telecommunication services seldom have perfect 

information on which to make quick decisions. Furthermore, once 

information cbes becare avaiable the rrarginal costs of altering their 

current behavior increase with the s~a:1 of cdjustmant. 

Population 

Growth in the i;x:,pulation of B.C. will also indirectly influence 

toll teleph:me demarrl. Assumirg peq>le \IOUld still purchase access to 

the teleph:>ne network even if only local service were available, the 

demarrl for access arrl lcn.3' distance ca.llirg can be node led separately. 

9 The inC'OTle for rosiness organizations may be representa:1 in a 
similar rranner. Given that the goal of finns is profit maximization, 
the l1ll!Tber of minutes of toll ca.lls use:i as an input to the production 
process will be directly relata:1 to s:me aggrS3ate measure of business 
activity. 
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'!hen the dernan:i for toll service will be an increasing function of the 

mmber of inti viduals \thich have already gainerl access to the network. 

Taylor (1980) explicitly recognizes this phenanenon arrl refers to it as 

a network externality. 'Ihe nore pecple that can be reacherl through the 

telepmne system, all other t:hir)3's being held equa.l, the greater will be 

the dernarrl for lQD3 distance services. It is apprcpriate at this point 

to mention the call externality. On every occassion when someone 

receives a telepmne call, the opportunity cost of the time spent in 

conversation versus the satisfaction gainerl (last) represents a fX)Sitive 

or n03ative call externality. 'Ihra.igliout the rest of this analysis it 

is assuned the parties involved internalize the latter external effect. 

A sirrple explanation of h:M this might occur would be the rotation of 

calls between irrlividua.ls. 

General Considerations 

Seasonality will affect the demand for long distance services. 

Holidays such as the New Year, Easter arrl Christnas clearly derronstrate 

r03Ular seasonal trerrls in the residential sectors. Business demand 

sh:,ws a seasonal CCJ11?0nent with r03ard to the nurrber of working days in 

weeks arrl ITOnths. A wide variety of dichotarous shocks have also been 

sh::Jwn to have an .iirpact on the deperrlent variable in alroc>st every study 

estimating the demand for telephone services. Any such exogenous 

variables \thich can be identifierl certainly must be included to avoid 

misspecification of the demarrl for toll service. 
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'!he nodels developed l:7y previous autlnrs seldan est.i.rrate a 

simultanea.is system of ~tions. In a nonnal na.rket \tthere price is 

detenninoo l:7y demarrl am supply considerations it would be incorrect. to 

evaluate price as a pre-detenninoo variable. H:Jwever, British Cblurcbia 

Teleph::me Corpany rates are set l:7y the carurlian Radio-television am 

Telecannunications o:mnission am do not reflect the quantity of service 

prOV'ided. '!he supply of le>n:3 distance capacity generally exceeds the 

demarrl for use in all na.r'ket segnents. 'Iherefore, since peak capacity 

is greater than toll demarrl at the r83Ulatoo price, a supply constraint 

neoo not be included in the econanetric nodel. 

Choosi.r}3 between a static or dynamic framework of analysis should 

be linkoo to sane reasonable behavioral assumption. Specifying the 

static rrodel suggests that an alteration of an explanatory variable 

results in the .irrmadiate am canplete resµ:,nse of the daperrlent variable 

in that tirre period alone. '!his restriction does not seem appropriate 

since the oonsequences of an exogenous change will be felt in later 

periods for reasons already discusse3. Then the dynamic structure of 

demarrl, where the deperrlent variable is a function of its CMn lagged 

value, is the nost realistic nodel specification. 
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III.2 ~c J.lobdels arrl Functional Fonn 

There are three msic dynamic eoonanetric nodels used throughout 

the literature. These are the Koyck, Stock Adjustment and Flow 

adjustment specifications. Each nodel is presentoo here with regard to 

its implicit asswptions arrl est.imatirg fonn. 

Koyck t-bdel 

The irrp3.ct of an explanatory variable will be distributed over a 

nunber of ti.Ire periods in the geometrically distributed lag nodel in 

which a series of lagged explanatory variables account for the time 

adjustment process. 'lhe weights of the lagged explanatory variables are 

assured to be p:>sitive arrl decline geanetrically CNer tiire, i.e. 

O<w<l 

While the effect of X on Ot externs irrlefinitely into the _past, the 

coefficients decline in a fixed prcportion s:> that beyond a reasonable 

period the effect becanes negligible. By lagging equation 3.2.1 one 

period an:l nultiplyin:.3 by w: 

3.2.2) WOt.-1 = w-.+ B(wXt-1 + ht-1 + • • .) + wf:t-1 

Subtractirg equation 3.2.2 fran 3.2.1 results in the Koyck nodel: 
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By usin:J the geanetric lag the Koyck transfonnation produces an 

esti.rratin:J relationship that cx:ntains the irrlepen:ient variables in tenns 

of their current values and the lagged value of the dependent 

variable. 10 Witlnut using the Koyck nodel it is often ver:y 

difficult to nodel this adjustrrent process because too many degrees of 

free:iom are lost or the lagged values of explanatory variables are 

collinear with one other. 'Ihe lQD:J run response of this specification 

with respect to an independent variable is simply the coefficient B 

times the sun of the lag weights or e:iuivalently B/(1-w). This rrodel 

postulates that irrlividuals and firms adjust gradually to changes in 

econanic oon:iitions. Technolo;ical constraints or increasing costs of 

adjustment are often associated with durable goods. However, the 

distinction between denan:i for access am the denarrl for use can explain 

this phenanenon with regard to telephone service. In the short run 

customers would probably adjust their nunber of callin:J minutes tase1 on 

the existin:J I1l.1Itber of telepoones. In the lon:J run, the actual number 

of telepoones will dlan:Je affecting the total number of toll minutes 

purdlase1. Furtherroc>re, habit formation will also cause inertia to 

affect the denan:i for lQD:J distance ca.llin:J. 

10 Pin:iyck am Rubinfeld, F.concmetric M::xiels and Econani.c Forecasts, 
(New York: M:.'Graw-Hill, 1976) pp. 232 - 238. 



Stock .Adjustment M:>del 

The Stock .Adjustment nodel assU1res that demam (Ot_) is 

deperrlent up:,n the current stock of the canm::xlity (St_), i.e. 

3.2.4) 0t = Of\.+ B8t + 'i Xt_ + Et 

arrl 

Other current factors (xt_) also influence demarrl \<.bile past 

values are already inoorporate:i in St· In any given time period, 

the actual value of Ot ma.y not adjust canpletely to the 
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desire:i level. Since physical inventories of telephone minutes are 

impossible to observe, the seoorrl e:iuation eliminates the variable by 

relatin3 the charge in the stock variable to current consumption and 

depreciation. '!he final estimatin3 fonn of this e:iuation, as described 

by H-T (1970) is:11 

This e:iuation is approximately the same as the Koyck rrodel if 

t2 = ~3• H:Jwever, the two nodels nake different assunptions 

ll5ee Houthakker arrl Taylor for CX)f'ltiruous time derivation in 

Consumer Derrand in the United States : Analysis and Projections, 

(Carrbridge: Harvard University Press, 1970) pp. 13 - 17. 
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about the error structure. In the Stock Mjustnent rrodel the error tenn 

is representErl by a rrovir¥3 average process. 

FlOW' .Adjustment M:>del 

The flOW' adjusbrent specification relies on a slightly different 

assumption of behavior. Rather than adjusting stocks of goods, 

consumers try to achieve sane desirErl consumption level of a canrrodity. 

This rrodel appears :fundarrentally nore correct than the stock adjustment 

nodel because it ck>es not use depreciation in its functional fonn. In 

the case of toll service demarrl, this r8luirarent seans unjustified and 

theoretically unreasonable. 'lhe final estimation structure of the rrodel 

is: 

The decision to use l03arithmic or linear notation can be 1::asErl on 

the information provided in previous articles on the estimation of 

telecommunications demand. Several authors have addressed this 

question. Fbr exanple, Corbo arrl Munasir¥3he cn003e l03arithmic functions 

because they "possess the advantage that the rra.gnitudes of the variables 

are considerably rErlucErl, so that the assumption of 8lUal variance of 

the random errors for each observation (homoscedasticity) is more 

plausible." 12 In addition, Bernstein has sh::Mn in his rrodel of 

12 Corbo arrl Munasinghe, "'!he Demarrl for International 
Telecommunications Services and their Policy Implications", 
Telecamunications Journal, Septeni:>er 1978, p. 496. 
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British Colurrbia Teleph:::>ne Conpany lorg distance demand that a double 

103 specification without cross price effects provides the best first 

order approximation. other authors have chosen the l03arithmic form on 

the resis of a superior explainerl variation statistic. Since the log 

specification seems to be the generally accepted formulation of 

establisherl theory, it will be used exclusively throoghout this study. 

An advantage in using this method is the elasticities can be 

interpreterl directly fran the regression e:iration, i.e. 

Thus, 103-linear functions assume the constant elasticity of Q 

with respect to X where: 

However, it should be noted that the implicit assumption of 

constant elasticities is cx:,nvenient and not necessarily justified by 

econanic theory. Elasticities sh:::>uld vary across periods with noverrents 

alODJ arrl shifts of denBm curves. ~ether this assumption is correct 

will be the subject of further investigation later in this pe.per. 
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III.3 Fstirnation Problems 

Autocorrelation 

An issue associate:1 with the estimation of a dynamic nodel is the 

problem of serially correlate:1 errors. \men the error ternlS in a nodel 

that includes a lagged dependent variable are autocorrelated the 

coefficient estimates will be biased, inconsistent and inefficient. 

Most studies give insufficient attention to this problem and often 

report the standard Durbin Watson test statistic. However, when a 

lagged deperrlent variable is contained in the equation this test is 

inapprq:>riate because it will be biase:1 against fin:lill:J either negative 

or i;x:>sitive first order autocorrelation. D.rrbin ( 1970) has shown that 

the h - statistic h:>lds for large samples and can be used instead to 

test for serial oorrelation. '!his statistic is define:1 as: 

3.3.1) h = (1 - D.W. 

2 

~'---1 __ N --
~ - N[Var {fS)] 

where D.W. = the starrlard Durbin wats:m statistic 

N = the sarrple size 

var<.?,) = the estirnate:1 variance of the coefficient of the lagged 

deperrlent variable. 

Since the h statistic is distribute:1 nonnally with unit variance 

the test for autocorrelation can be performed using the normal 

distribution. 
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Multicolinearity 

Multicolinearity can also cause estimation problems. When two or 

rrore explanatory variables are highly correlated it becomes impossible 

to identify arrl interpret the separate effects of their cnefficients on 

the endogenous variable. If the collinearity is caused by a fixed 

structural relationship, the least important variable ma.y be dropped 

fran the a:iua.tion \thile the other captures the effect of the anitted 

variable. For example, if income is correlated with promotion 

experrli tures, advertisi03 rather than incane sh::>uld be drq>ped from the 

nodel. A m::win:.;J regression will be used to test for rnulticolinearity 

because given its presence, the estimated coefficients will be sensitive 

to data aranissions and additions. Specifically, one quarter of the 

observations will be drq,ped an:l another added starting with the first 

five year sarrple period. 
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III.4 M:>del Specification 

The econanic theory of long distance telephone demand and the 

najority of researdl cxniucte:i by irrlividuals in the past suggest the 

follo.tlr:g nodel specifications. In addition, the data requirements of 

British Columbia Telephone Company necessarily resulted in these 

functional fonns. Its canputer reprice program, which was developed 

after several years of effort, requires four basic inputs. These 

include a data rese, forecast, rate schedule and price elasticities. 

The da.ta tase is upiate:i nonthly by MIS: the forecast is generated by 

Forecastirg: the rate sche:iule is &tennine:i by Product Management and 

the canponents of the 1003 run price elasticities are supplied by the 

Costs, Prices arrl Econanics &part.rrent. 'lhe caraiian Radio-television 

arrl Telecomunications Q:mnission uses the infonnation provided by this 

rrodel to evaluate rate increase applications and the effect of price 

chan:Jes on the Conpany' s revenue •13 

Data dlaracteristics which are considere:i essential are: 

i) price, inoane, main stations arrl a lagged errl0:1enous variable, 

ii) all econanic variables be converte:i into real tenns, 14 

iii) the data series be adjuste:i for seasonality arrl exogenous sh:>cks. 

13 canadian Radio-television arrl Telecarm.mications a:mnission, 
Telephone Decision CRl'C 81-3, January 1981, p. 72. 

14 It sh:>uld be note:i explicitly that this a:ijustment assumes the 
al:senoe of noney illusion. 



'!he residential e::Juations \\hich -were estima.tei are: 

log Koyck 

3.4.1) 103 (MINt_/RESTA.t.)= b0 + b1l03(MINt_-1IRFSI'At-1)+ 

~l03[NPDIB<t/ ( POPl3Ct x CPIVAN.t)] + 

b3l(X3[RE.Vt/(Mlt\_ X CPIVAN.t)]+ 

b4P5t + b5TSt_ + b6DlMt_ +Et_ 

Flc,...r Adjustrrent (log) 

3.4.2) 103 (Mit\_/RE.S'I'At)= b0 + b1l03(Mlt\_-1/RESTAt_-1)+ 

~[l03(NPDil3Ct/ (POPBCt X CPIVAl'it)) + 

103 (NPDIBCt-1/(POPIG:-l X CPIVANt-1))] + 

b3 [l03(RE.Vt/(Mit\_ x CPIVANt) + 

103 (RE.Vt-1/(Mit\_-l X CPIVAN.t-1))]+ 

b4P5t + b5T8t_ + b6°™t +Et_ 

The rosiness ~uations \\hich -were estimatei are: 

log Koyck 

3.4.3) log (Mit\_/BUSTAt_)= b0 + b1l03(Mlt\_-1/BUSTAt_-1)+ 

~l03(RGDPBCt/PGDPl3Ct) + 

bJl03[RE.Vt/(Mit\_ X PGDPBCt)]+ 

b4P5t + b5T8t_ + b6DlMt_ +Et_ 
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Fla,, Adjustment (I.Dg} 

3.4.4) log MINt_/BUSTAt_= b0 +b1log(MINt-1/BUSTAt-1)+ 

~[log(RGDPBCt_/PGDPEG:)+ 

log (RGDPIG:-1/PGDPEG:-1}]+ 

b3 [log(REVt/ (MINt x PGDPBCt_} }+ 

log (REVt-1/(MINt_-1 x PGDPEG:-1}}]+ 

b4P5t + b5T5t + b6Dll\_+Et_ 

Where MIN/RF.STA = minutes per residential rrain station, 

MIN/BUSTA = mirrutes per rosiness rrain station, 
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NPDIBC 

RGDPEC 

POPBC 

CPIVAN 

PGDPEC 

= naninal personal disfOSbale inCClne for British Colurcbia 

= real gross provincial product for B.C. 

REV 

PS 

TS 

DlM 

E 

= ~ulation of B.C., 

= Vanrouver consurrer price in:iex, 

= irrplicit GDP deflater for B,C, 

= total revenue, 

= postal strikes, 

= teleph:me strikes, 

= a ~ variable for structural chan:Jes. arrl 

= an error tenn with classical prcperties. 

The results of the logritbni.c Koyck rrodel are reporterl here. '!his 

decision was rrade l::Bsed on the superior perfonnance of the nodel with 

regard to the signs arrl significance of coefficients. 
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IV. EMPIRICAL RFSULTS 

IV.l I:efinition of Variables 

In the previous section, the variables 'Atlich sh::>uld theoretically 

influence the demand for long distance telephone services were 

presente:L Altb:>ugh sane variables proved to be i.rnfortant in explaining 

the dependent variable, others were only of minor significance. 

Hawever, all variables which cnild be identifiai were kept in the m::>del 

to avoid misspecification of the demand for toll services. The 

follOtlifY3 discussion of the source of the telephone data is included 

here for convenience an:i clarity. 

The Toll Sample Array (TSA) file accumulates the m::>nthly number of 

nessages, minutes, revenue arrl average miles for five classifications of 

telephone calls placed in British Columbia. These categories are: 

1) Alberta, 2) Trans ca.nada, 3) u.s., 4) Intra-B.C. and 5) Overseas. 

This data base is then further broken down by the time, type and 

originating class of telephone calls. Of course, t~e variables 

containai in this study are defined only in terms of the information 

contained in the Intra-B.C. segrcents. 15 An explanation of the 

derivation of these variables is presentai in the rest of this section. 

15 Canplete oocurrentation of all these variables an::l the procErlures 
used to obtain them can be found in the apperrlix. 
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Quantity 

Monthly minutes per main station is the dependent variable 

analyzed in this study. Minutes as the measure of volume will be the 

same quantity in all periods and have a direct relationship with the 

price variable. This occurs because consumer's costs are duration 

sensitive. Alternative dloices for the depenient variable fail to meet 

either one or both of these criteria. The network externality is 

treated explicitly by normalizing minutes by the number of main 

stations. Besides allowing disaggregate analysis, this procedure is 

i.nplicitly the same as adjustin:J each of the independent variables by 

the size of the telepoone system. Since the definition of the stock of 

telepoones differs between the residential arrl rosiness sectors, their 

canponents are described separately. Residence main stations include 

irrlividual, multi party, foreign exd1aD3e arrl toll stations. '!he nuni::>er 

of rosiness rrain stations is canposoo of Centrex, PBX, PABX, Measured, 

Watts, extension, multi-party and individual lines. In addition, 

disaggregation by the distance of calls was accanplishoo to account for 

the fact that prices are also sensitive to the len:Jth of haul. Based on 

these distinctions, the dernan:i for the deperrlent variable was estimated 

for several call categories. 

Price 

Real reverrue per minute was used as a measure of price. Total 

reverrue was disaggregatoo by mileage zone arrl the type of call to obtain 
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figures oorrespon::liD3 to the toll services estimated. Moreover, using 

the Vancouver consumer price irrlex as a deflater implicitly considers 

the price of related g:x:>ds. '!he Omlission of actual price indexes for 

!X)tential substitues arrl CCDFlements was unavoidable because such data 

was r:ot:. available. Alth:>ugh s::.me measure of price must be included in 

the estimation of the demarrl for service, the average real revenue per 

mimte includes 1:XJth surcharge arrl duration canponents. This implies 

consumers oo not distinguish between these separate prices and only 

react to the aggregate infonnation prOV'ided in their ph:>ne bill. 

Incane 

T'wO different incane variables were usei to estimate the deman:i for 

toll services. Fbr the residence equations per capita personal disp:>sal 

incx:me was arployed. Since per capita incane is derived fran aggregate 

infonnation it am be sanewhat misleadin:J. Fbr example, average incane 

levels in Victoria arrl Vanca.iver differ fran th:>se experienced in rural 

areas. '!his variable was used, h:Jwever, because the teleph:me data does 

not distirguish between the origins of separate calls. F.stimation usin:J 

this explanatory variable irrplicitly assunes the existence of an average 

irrlividual. 

In the rosiness segnents, Real Gra;s Dcmestic Product for B .c. was 

used as an incane variable. Since this measure incorporates the value 

of products produced in British Cblunbia it provides an aggregate view 

of b.lsiness incane. Further disaggregation was not attempted because 
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the representation of an average rosiness did not appear reasonable or 

necessary. 

[)Uiml_y Variables 

Several independent variables were included in the model for 

exogenoos sh::>cks. These dichotomous variables ( o or 1) represented 

postal strikes, B.C. Teleph::me Co'np:iny strikes arrl a structural change 

in the rate schejule. Nonnally, postal service is not considered a 

substitute for toll service. 'Ihis assurrption is cased on the different 

characteristics of a ph:>ne call and a letter. The latter requires a 

significant amount of preparation and is essentially one way 

camunication. However, during a postal strike toll services are a 

reasonable substitute arrl as such v.OUld exert a p:>stitive influence on 

lon:J distance telepoone demarrl. en the other harrl, a negative impact on 

the nwnber of minutes per main station could be expected during a 

B.C. Teleph::me Ccrrpany strike. Strikes at Okanagan Telephone Company 

were included in this variable by assignin:J than a value associate:1 with 

its percentage voll.l[re of B.C. Telephone Company's total output. The 

evenirg discoont was dlargej fran 6:00 p.m. - 11:00 p.m. to 5:00 p.m. -

11:00 p.m. in January 1975. 'Ihis resulted in an increase in evening 

voll.l[re arrl a oorresp:>rrlin:J decrease in day traffic. Therefore, months 

after January 1975 were assigne:1 a value of zero while those preceding 

this date were given a value of one. 
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Seasonal Adjustmmts 

As discussed earlier, seasonality and trading day variations should 

effect the demarrl for 1003 distance services . A preliminary test using 

durnny variables did indeed show a significant relationship for both 

these phenanenon. Fbr this reason, apprc:priate a::ljustrrents were rrade on 

all the econanic variables usirg the Census Bureau X-II meth:xl. 
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r.v.2 Fstiroation 

'11he 103 Koyck m::x'Jel described previously was used to detennine the 

demarrl for 84 toll services within British 0:>llDTDia. Zellner estimation 

wns also utilized on some segments to improve the efficiency of 

pararooter estirrates ~ accounting for the correlation of error terms 

across 8'.luations.16 In the rosiness day arrl late night residence 

segments Ordinary Least Squares regression was applied to obtain 

unbiased and consistent results. The following six groups were 

identified for the purposes of this study. 

Group Segrcent Market 

1 1 - 3 Residence : Week 

2 4 - 6 Residence Week End 

3 7 Residence I.ate Night 

4 8 - 9 Residence ~rator Harrlled 

5 10 Business : Iay 

6 11 - 12 Business . ~rator Harrlled . 

16 'Ibis correlation occurs due to the fact that a le,,.., prediction in 
one service narket guarantees an CNerestiroate in another call category. 
The sum of the dependent variables must 8'.IUal the total number of 
o'tservations before segrrentation. See Zellner in "An Efficient Method 
of Estiroatin3 Seani03ly Unrelated Regressions arrl Tests for Aggregation 
Bias", Journal of the Arrerican Statistical Association, vol. 57 (1962) 
PP• 348 - 368. 
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Apperrlix Tables 14 through 17 provide a surrmary of the short run 

paranenter estinates of the price elasticities and lagged endogenous 

variables for two different sanple periods. 'Ille first two tables cover 

the entire data base (1973 - 1982) while the last two encompass the 

secorrl half of the sarcple (1978 - 1982). A canpari~n of these results 

will be made with regard to their summary statistics and the revenue 

implications of the elasticity estimates. 

Slntltla.ry Statistics Review 

The coefficients of detennination, R2, varied between a lo,.,r 

value of .61 to a high of .99. 'Illus, the explained variation statistics 

irrlicate this functional fonnat provides a good representation of the 

deperrlent variables variation 'twhich can be explained by the independent 

variables for both estimation periods. Coefficients of the price 

variable p::>5sess the expecterl sign in seventy-six of the rrarket sectors 

containerl in the entire sample. However, only fifty-nine cells are 

significant at a five percent level of confidence. Of those which are 

insignificant, most occurred in the business and operator handled 

segrrents. 'Ille lagged deperrlent variable coefficients are significant in 

all cells arrl consistently exhibit the correct sign. As for the short 

sanple, six of the eighty-four price coefficients oarronstrated perverse 

signs 'twhich \IJ!ere insignificant. Seven lagged errlogeI10Js variables also 

do not oonfonnwith prior expectations while thirty-two sectors are 

insignificant. These results were concentrated in the residential 

segrcents. 
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'!he Durbin h-test for serial correlation had mixed results. In 

forty five percent of the estirrate::l sectors the alternative hypothesis 

of first order serial oorrelation caJld not be rejected. This problem 

was nost severe in the estimation of the entire sample period. 

Corrections -were mt attetpte::l due to the nature of the infonnation this 

study ITD..1St provide for B.C. Telephone Company's toll reprice nodel, 

e.g. soort run price elasticities and the coefficients of the lagged 

deperrlent variables. H:Jwever, an iterative search procalure can be used 

to estirrate the serial oorrelation ooefficient in the Koyck nodel and 

choose the value \\hich minimizes the error sum of squares. Then the 

transforme:l Equation can be estirrate::l using Generalized Least Squares 

regression. 17 Besides beirg quite expensive, this rreth:xi results in 

the loss of an interpretable coefficient for the lagged dependent 

variable. 

In nost of the sectors, plots of the residuals exhibited random 

patterns arrl led to the conclusion that hetroscedasticity was not a 

serious problem. A general _p3.ttem, h::Mever, anerged from the results 

of the novirg regression. '!he estirrated coefficients were relatively 

stable rut the price elasticities sh:Med a persistent trend to become 

nore elastic as the adjustment period sh:>rtene::l. For exarrple, consider 

a rrajor revenue generatirg sector in the rosiness day segment, mileage 

zone 51 - 100. '!he follONi.rg graph illustrates the price elasticities 

of three sarrple i:eriods. 

17 For a discussion of the estimation of distribute::l lag m:xlels 
un:ier several assrnptions about the error process refer to Zellner and 
Geisel, "Analysis of Distributed Lag Models with Applications to 
Consumption Function Estirration. 11 Eccnaretrica, vol. 38 (Noverrber 1970) 
PP• 865 - 887. 
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(1978 - 1982) 

-1.0477 
-.55852 

1982 ) 

-.34756 __ ., 
-.30831 -. 32218 ...... 
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+-----.-----+------t-----+-----1---> 
l 2 3 4 5 6 

time/ months 

Gradually aver tine the level of toll mirutes purchase:i adjusts to 

a new consumption level if long distance rates are changed. This 

rcodification will occur due to the coefficient on the lagged dependent 

variable. '!be a:xnbined effects of this parameter and the short run 

price elasticity determine the impact on revenue of any price 
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alterations. In the first IlOnth, the new quantity reflects only the 

short run price elasticity. However, in consecutive periods the 

consumer resJX>nse factor with the sh::>rt run price elasticity influence 

the rrumber of aalling minutes in an exponentially increas~ rcanner. By 

depicting this phenomenon graphically, the revenue implications of 

alternative elasticities can be directly canpara:1. 

Revenue Irrplications 

Even though the lon:.:, run elasticities for the entire sample (1973 

- 1982) arrl the last five year sample (1978 - 1982) are both elastic, 

their short term effects could be very different. Often product 

managers are face:i with the problem of generat~ crldi tional revenue in 

the immediate future. Estimation across the entire sample period 

suggests this need could be met by raising the toll price in this 

segnent. fi:7,,,rever, using the alternate sanple irrlicates customers will 

react rruch SCX)ner arrl total revenue 'WOUld ranain l:asically the same. If 

the first five years data is used to estimate the price elasticity of 

danarrl, (1973 - 1977), the resultin:.:, parameter is inelastic in the long 

run arrl revenue 'WOUld increase. 

The above findings appear to indicate that the sample period 

covers a transitionary phase in consurrer behavior. vbether this is just 

a temporary adjustment due to econanic conditions or a permanent 

alteration in the dema.n:l for toll services can only be investigate:i with 
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the addition of future observations in the data l:Bse.18 A plausible 

cause of a shift in demand could be the recent recession. Then the 

inclusion of infonnation after this period would allCM the investigation 

of the extent arrl magnitude of any changes in consumer preferences. 

Specifically, a shift in rosiness demand is reasonable fran the stand 

point of changing economic climate and firms generally superior 

infonnation on \tthich to make decisions. Rapid adjustment of profit 

maximizing enterprises to new corrlitions would not be very surprising. 

Shifts of derrarrl are not necessarily the only factor which could 

cause increasing elasticities. 'lhe assurcption of constant elasticities 

may not be valid and would therefore result in an incorrect model 

specification.19 o:>nsumers might be rrore sensitive to a price 

change at a higher price level. For example, a higher price 

elastiticity for operator harrlled calls ca.ild reflect a novement along 

the dernam curve. '!his behaviour would simply take into account the 

rather extrare price increase in the surcharge canponent. Since 1978 

the surcharge rate has increased fran 35<f to $2.00 for person to person 

calls and from 35¢ to $1.00 for other types of operator handled 

nessages. 

18 '!he problem of specifyi03 a nodel \\here structural dtal)3e occurs 
gradually CNer a knONn transition period is discussed by Beach in "An 
alternative approach to the specification of structural transition 
flll'lctions", 'lhe canadian Journal of E.conanics (February 1977) pp. 133 -

l~\Jnfortlll'lately, the investigation of alternative flll'lctional fonns 
is ootside the scope of this study. 
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Structural Test 

'lb further investigate whether there has been a change in the 

UI'rlerlyiOJ structure of lorg distanc-e telepmne demand, a Chow test of 

the null hypothesis of identical demarrl e::iuations was performed by usil")J 

observations associatErl with different sample periods. Table 18 in the 

Appen:iix illustrates the results of the Chow test. An F statistic is 

providErl in the far right oolunn. Seventy-seven perc-ent of the sectors 

show a significant differenc-e between the restricted and unrestricted 

error sun of 9:1uares. '!his effect was oonc-entrate:1 in the rosiness and 

operator han:iled segments. 

l.DOJ Run Price Elasticities 

The lonJ run price elasticities for these segnents were calculate:1 

fran the infonna.tion containErl in the sample period from 1978 through 

1982. This was done for the following reasons. First, a higher 

prcportion of the estirnatErl coefficients hcrl the correct sign and were 

statistically significant than those in the entire sample. A wider 

range of data variation also makes the later estimation period 

reasonable. In 1981, the b.lsiness incane series, real GDP, decreased 
. 

for the first time in the entire sample period. As indicated earlier, 

the elasticity estimates appear to increase over time. 'Ihus, estimates 

usil")J the secon:i sarrple period seem nore apprcpriate. 
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Where significant differences have been identified, the 

conclusions presentoo are l:asoo on theoretical expectations. Estimates 

of the 1003 run price elasticities of demarrl are contained in Appendix 

Table 19. When the short run coefficients were perverse and not 

statistically different fran zero they have been assignoo that value for 

the reprice rrodel' s p.u:poses. Al tmugh a zero price elasticity cbes not 

correctly represent o:>nSurrer response to price dla.I)3es, it is certainly 

nore justifioo than assigniD:} s:rne arbitrary value. 
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IV.3 Price Elasticity Applications 

Relationship to Previous Research 

The estimatErl 1003 run price elasticities differ fran the results 

of previous research in two areas. First, most authors have found 

elasticities becane nore elastic with the distance of calls. Such a 

consistent pattern is not visible in any of the market segments 

estimated in this paper. Price changes may provide a plausible 

explanation for this result. 10.te increases for long distance traffic 

have been proportionally higher for smaller distances in the past 

several years. Fbr example, frcrn 1980 to 1982 message rates for the 

sh::>rtest mileage b:i.rrl j\.JI'il)ed CNer thirteen percent while those in the 

furthest zones increasErl only three percent. B.C. Teleph:me Conpany has 

obviously been using the elasticity estimates generated by earlier 

internal research to ireet additional reveme requirements fran inelastic 

market sectors which were identified. This application of price 

elasticities derronstrates that the rEprice rrodel can be used as a tool 

for planni03 re,, rate schErlules. 

Another fX)int of divergence in the lonJ run price elasticities can 

be seen in the rosiness segment. Business demarrl for toll service was 

less elastic than residential demand in prior canpany studies. This 

firrli03 cannot be verified tasErl on the calculatErl elasticities in Table 

19 of the Apperrlix. A change in the incane variable could have caused 

this result. N:xninal arrl real gross cbnestic product for B.C. required 
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substantial revisions fran the estimates utilized in earlier internal 

researd1. 'As a consequence, the implicit GDP deflator was altered. 

This changed the relative value of the price variable when it was 

adjustErl. into real tenns. 

Reprice M:>del 

The :rcodel basically takes the previous years minute data and 

prices it under a new rate structure. '!hen the elasticities and market 

forecasts are appliErl. to obtain the associated new revenue. However, 

there are several problem areas which should be noted. The average 

reverue per mirute includes both duration and surcharge canponents. 

Since the average number of miles in a certain call category often 

chan:Jes across observations, the duration charge which is based on 

mileage will vary. '!hen the surdlarge can cause the implicit price to 

chan:Je when there has not been any alteration in the rate structure. 

Plots of the price variable confinn this effect. In fact, as the 

mileage hurls becarre wider, with a greater realm for variability, the 

implicit price cscillatErl. rarrlanly. Another nore subtle otservation can 

be rrade with regard to bJw the nodel is used. 'lhe intention behind the 

develcpnent of the reprice nodel was to use its output as a guide for 

maximizing profit. '!his g:>al cannot be achieved witoout sane knowledge 

of the cx:ist structure of nessage toll services. Even if the results of 

this study had not been hindered by estimation problems, policy 

statements could not have been rrade on anythin:J rut reverue naximization 

unless the cx:ists of different services were available. 
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'!he a.mnulative effects of the price elasticities produce1 in this 

report are surrnarize1 by the reprice rrodel. By including the recent 

recessionary period in the data 1:Bse, the elasticities for rosiness and 

operator handled traffic were found to be elastic on average. The 

impact of these results on revenue are illustrated in the following 

table \\hich uses the three percent rate award and the seven percent 

sales tax. 

Table 13 

CUrmulative Inpact of Elasticities on Revenue 

Residence: 

Price chaD3e 
Receive1 Revenue 
Received Reverrue net of tax 

Business: 

Price d1aD3e 
Received Revenue 
Received Revenue net of tax 

Total: 

Price d1aD3e 
Received Revenue 
Received Revenue net of tax 

1983 
July - Decent>er 

10.4% 
2.3% 

-4.4% 

10.8% 
-1.0% 
-7.5% 

10.6% 
.9% 

-5.7% 

1984 

10.4% 
.2% 

- 5.9% 

10.8% 
- 4.3% 
- 9.6% 

10.6% 
- 1.9% 
- 7.5% 

A major difference between this result and Table 1 of the 

introduction CBn be seen in the rosiness groop. Because general priciil:J 

strategy 'nO.lld shift dramatically usin3 this neN information, a linear 

hypothesis test was conducted on the coefficients of the lagged 
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deperrlent variables arrl the sh::>rt run price elasticities in the rosiness 

day segroont. Minus one is the critical value of an elasticity used for 

revenue naximization. 'lherefore, the rull hyp:>thesis v.as 

In all cases rut the sh::>rtest mileage zone, the calculated F statistic 

confinns that the long run elasticity was significantly greater than 

unitary elastic. en average, positive increments in revenue could not 

be achieved ~ raisinJ all business toll prices. 

It nust be stressed that this analysis isolates the price effect 

arrl h:>lds all other detenninants of demand constant. A corresponding 

increase in inCXJne wo.ild cause approximately twice the reverue charge in 

the cpposite direction due to its very elastic positive coefficients. 
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V. WK:UJSION 

The objective of this paper has been to produce and evaluate estimates 

of the price elasticities of demand for eighty-four toll services. 

Detailed market segmentation provides an effective tool for rate 

structure design. For this reason, the information produced by the 

rrodel used in this study can be useful to decision makers at British 

Colurcbia Teleph::me Conpany. '!he na.rket segments included in the data 

base rrake up approximately eighty-two percent of the revenue and toll 

volume for intra B.C. calling. However, the reprice nodel should be 

nodifie:i s:, it am accept a nore flexible fonn of input. This would 

allow the exploration of alternative functional fonns which could 

alleviate the problems enCX>Untere:i in estimation an:i provide nore rol:ust 

results. Another irrprovement caild be ne.de in the data used to estimate 

the m:xiel. '!he irnplicity define:i prices coold be replace:i with an irrlex 

of the price for each type of call which separates the toll and 

surcharge <XIrpC>nents. '!his would eliminate the correspondence between 

the surcharge a:nponent of the price variable an:i the distance of calls. 

NonnaliziD3 revenue per mirute by the average mileage of calls could 

also rectify this problem. 

A log Koyck specification, using Zellner's Seemingly Unrelated 

Regression tedmique, was used to nodel the deperrlent variable minutes 

per main station. Evidence was obtained which led to the conclusion 

that this functional form fitted the data better than the flow 

adjustment nodel. In nost cases, the results of estimation are 
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reasonable. 'lhe na.jority of e::iuations p:iS~ stamard statistical tests 

for hetroscedasticity, autocorrelation and multicollinearity. The 

general ten:lencies exhibited by the calculate1 elasticities are also in 

line with a priori theoretical expectations. Dema.nd for long distance 

calls aprears to be inelastic in the sh:>rt run \\bile in the long run it 

becanes elastic for alm:>st all call categories. A canparison with the 

estimates of previous internal researdl sh:Jwed the nost recent business 

elasticities have increased in nagnitude. '!his result is probably due 

to the wider variability in the business incane series caused by the 

recession. 'lhe better data inrorporate1 in the rcodel should therefore 

prOtJide richer information on the nature of long distance telephone 

demam. 

There are sane qualifications of the parameter estimates which 

sh:>uld be oonsidered. lag times of <:Ner three years in sane sectors of 

the reprice llOdel oonfinn autooorrelation is a problem in several na.rket 

segrrents. M:>re than a six period lag time for rcost oonsumer adjustrrents 

se€!TIS unreasonable. 'lhe assumption of constant elasticities is also 

questionable am \tJO.lld reduce the efficiency of p:irameter estimates if 

it was found to be invalid. Furthencore, fundamental dla.I)3es in demand 

have been identified by a Chow test. Additional research will be 

necessary to determine whether this phenanenon is permanent or not. 

Ho.vever, one p:,licy inplication for British Colurrbia Telephone Company 

still remains clear. PrqxJSing real toll rate increases in the near 

future would not be in the Canpany's best interest from a revenue 

rcaximizi:rg perspective. 
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On the other hand, the CRTC should certainly reevaluate its 

position on h:Jw telecx:mrunication costs are allocated. As technology, 

con.surer preferences an:i the competitive environment change, further 

cross subsidization of local residential service by toll nerkets will be 

unfeasible. A recognition that the public interest could be better 

served by marginal cost prici03 wo.ild not require a new definition of 

the Cormission's objectives. 'lb the contrary, this pricing policy is 

consistent with the ecx:>nanic criteria for nax.i.mi.zing consumer welfare. 

Alt.h::>ugh separatin.3 the joint costs of production poses some technical 

problems, this strategy am be accomplished with assistance from the 

B.C. Teleph::>ne Company. Such user service costing would provide an 

efficient alternative for allocatil')3 this scarce resource. 



66 

BIBLIOORAPHY 

Athanassious, Stylianos K. "Statistical Analysis of Demand for 
Telecomunications Services in Greece." Telecamunciations Journal 
(April 1974): 244 - 253. 

B.C. Telepoone Cotpany. Fact Book June 1981. 

Beach, Olarlie M. "An Alternative Approach to the Specification of 
Structural Transition Functions." '!he canadian Journal of F.conanics 
(February 1977): 131 - 141. 

Bell canada. "Econanetric Models of Demand for Selected Bell Canada 
Services." Response to CRl'C Interrogatory Bell 03 April 80 - 809 
1980. 

Bernstein, Jeffrey I. "A Cbrporate Econanetric Model of the British 
Columbia Telephone Company." forthcaning in o. Anderson (ed.) 
Public Utilities North Hollarn, 1980. 

carr, Jack. "Dema.n:i an:i Cost: An Empirical Study of Bell Telephone in 
canaaa." Telecamunications for canaaa (H. English, ed.) Methuen: 
Agincarrt, 1973. 

Chen, Albert M. and Black, R.J. "The Demand for Long Distance 
Telepoone Service: A case Study. " General Telephone Canpany of 
the Northwest Inc., May 1976. 

Corbo, Vittorio and Mohan, Munasinghe "The Demand for International 
Telecommuncations Services and their Policy Implications." 
Teleccmrunications Journal (Septanber 1978): 493 - 503. 

Cracknell, David. "Econometric Models of Inland Trunk Calls." 
Teleccmrunications Journal (Septatber 1978): 482 - 486. 

Craver, R.F. "An Estimate of the Price Elasticity of Demand for 
International Telecommunications." Telecommunications Journal 
(Noverrber, 1976): 671 - 675. 

CRIC. Telecan Decision CRl'C 81-3 Ottawa, 29 January 1981. 

CRIC. Telecan Decision CRl'C 82-8 Ottawa, 22 June 1983. 

Davis, B., cacca.p,EX:>li, G.J., an:i Chaudry, M.A. "An Econanetric Planni?:)3 
Model for American Telephone and Telegraph Canpany." The Bell 
Journal of Fmrnnics and Management Science (Spri?:)3 1973): 19 - 56. 

Dobell, A.R., Taylor, L.P., Wavennan, L., Liu, T.H., an:i Cq:>eland, M.D. 
"Telephone Communications in Canada: Demand Production and 
Investment Decisions." '!he Bell Journal of F.conanics and Management 
Science (Spri03 1972): 175 - 219. 



67 

Dreessen, Erwin. "The Demand for Intra-B.C. Toll Calling." 
B.c. Teleph::>ne Conpany, July 1977. 

Dreessen, Erwin. "Aggregate Demarrl for L - D Intra Provincial Calling: 
Estimates arrl Forecasts, 19 71 - 19 7 7. " B. C. Telephone Company, 
J\llle 1978. 

Dreessen, Erwin. "Elasticity Is • • • A disaggregate analysis of 
Intra-B.c. toll callirg, 1973 - 1979." B.c. Telephone Company, 
Septanber 1979. 

Durbin J. 11Testi.n3 for Serial Correlation in Least Sqi.B.res Regressions 
when Some of the Regressors are Lagged Dependent Variables." 
Econaretrica (May 1970): 410 - 421. 

Fontenay, A., Gorham, D., Lee, M. arrl Mannin:J, G. "Stochastic Demand 
for a Continium of Goods arrl Services." B .c. Telephone Canpany, 
Decerrber 1982. 

Houthakker, !i:!rrlrik s. arrl Taylor, I.ester D. Consumer Demand in the 
United States: Analysis and Projections Cambridge: Harvard 
University Press, 1970. 

Johnston, J. "Intra B.c. Toll Tariffs from 1973 to 1982." 
B .c. Telepoone Conpany, 9 NJverrber 1982. 

Johnston, J. "Re-Estimation of the Intra-B.C. Toll Demand Model." 
B.C. Telepoone Conpany, J\llle 1982. 

Khcrlem, R. "An Econanetric Study of the Demand for TransCanada Long 
Distance Telephone Service. 11 TransCanada Special Studies, June 
1973. 

Lago, Armando M. "Demand Forecasting Models of International 
Telecommunications and their Policy Implications." Journal of 
Industrial F.conanics (Noverrber 1970): 

Luke, C.H. arrl Yatrakis, P.G. "A Q:mputer-Based Econanetric Model of 
Demarrl for Teleph::>ne camunications Between Hawaii and the United 
States Mainland." Telecommunications Journal (November 1971): 
743 - 746. 

Naleszkiewicz, Wladimir. "International Telecacrnunications - Testing a 
Forecasting Model of Demand." Telecommunications Journal 

(Septanber 1970): 635 - 638. 

Piekaar, E. "The Intra B.C. Demand Model - Further Developments." 
B .c. Teleph::me Conpany, 1980. 

Pirrlyck, R.S. and Rubinfeld, D.L. Econometric Models and Economic 
Forecasts New York: ~aw-Hill, 1976. 



68 

Rea, J. and Lage G.M. "Estimates of Demand Elasticities for 
International Telecamunications Services." Journal of Industrial 
Econcmics (June 1978): 363 - 381. 

Rohlfs, Jeffrey. "A Theory of Interdependent Demand for a 
Communications Service." The Bell Journal of Economics and 
Managerrent Science (Spri03 1974): 16 - 37. 

Squire, Lyn. "Sc.rre Aspects of Optimal Pricin:.:1 for Telecanrcunicai tons." 
The Bell Journal of Economics and Management Science (Autumn 
1973): 515 - 525. 

Taylor, I.ester D. Telecommunication Demand: A Survey and Critique 
carrt>ridge: Bal li03er Publishin:.:1 Conpany, 1980. 

"Deluge of Legislation Creates BErllam in House." Vancouver (B.C.) The 
Sun (22 June, 1983): A2. 

Theil, Henri. Applied Econanic Forecasting Amsterdam: N::>rth Holland, 
1966. 

ware, H.G. am Siddons, M.R. Memorandum B.C. Telephone Canpany, 12 
July 1983. 

Wavennan, Leonard. "'lhe Demarrl for Trunk Telephone Services in Great 
Britain: the Significance of Quality Change." Institute for the 
Quantitative Analysis of Social arrl Econanic Policy: lhiversity of 
Toronto \t«:>rking Paper 7308, Deceiber 1973. 

Yatrakis, P.G. "Determinants of the Demand for International 
Telecamunications. 11 Telecamunications Journal (December 1972): 
732 - 746. 

Zellner Arnold. "An Efficient Meth:>d of Estimati03 Seani03ly Unrelated 
Regression arrl Tests for Aggregation Bias." Journal of the Arrerican 
Statistical Association vol. 57 (1962): 348 - 368. 

Zellner, A., am Geisel, M. "Analysis of Distributed Lag Models with 
Applications to Consumption Function Estimation." Econometrica 
vol. 38 (Noverrber 1970): 865 - 888. 



69 

APPENDIX A 



YYMM 

8201 

8202 

8203 

8204 

8205 

8206 

8207 

8208 

8209 

8210 

8211 

8212 

YYMM 

POPBC 

Econmon File for 1982 70 
(12 observations, 6 variables ) 

POPBC RGDPBC NPDIBC PGDPBC CPIVAN 

2771.3 1283.2 2385.8 2.697 2.543 

2774.3 1281.0 2403.5 2. 713 2.558 

2776.0 1288.5 2460.4 2.719 2.576 

2777.2 1255.0 2466.2 2.732 2.593 

2781.1 1287.0 2490.3 2.759 2.629 

2784.0 1289.2 2531. 7 2. 770 2.644 

2785.9 1263.9 2351. 7 2.790 2.657 

2788.0 1261.8 2193.3 2.821 2.677 

2790. 2 1220.0 2459.8 2.836 2.687 

2792.4 1284.7 2477.8 2.859 2.700 

2794.0 1260.5 2448.1 2.879 2. 711 

2795.6 1249.5 2362.4 2.868 2.705 

- Year and month of observation. 

- Monthly population of B. C. (in thousands) was derived 
from the quarterly population of B. C. (Matrix 
Series D11). The monthly patterns of population growth 
of persons over age 15, Cansim Matrix 2096 Series D769174 
(men) and Series D769181 (women) were applied in the 
following manner. 

1) Add series D769174 and D769181. 
2) Calculate the quarterly change in the series, e.g.A = P8204 - P8201 . 

3) Calculate the monthly change within each quarter, e.g. 
J = p8202 - PB201. 

4) Calculate the proportion of each month ' s change to the change 
in that quarter, i.e. J/6 

5) Using the quarterly series (note: observations are the first 
month of quarter) calculate t he difference from quarter to 
quarter, e.g. D = P8211 - P821 _ 

6) Multiply D by d/1:l to get the i ncrease over the previous month; 
then add this figure to the last months observation, e.g. 
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1) D769174 + D769181 = Sum 2) ~ 3) ~ 4) d /.6. 

P8201 1027 1065 = 2092 
P8202 1030 1067 = 2097 5 .5000 
P8203 1031 1069 = 2100 3 .3000 
P8204 1032 1070 = 2102 10 2 .2000 
P8205 1034 1072 = 2106 4 .4444 
P8206 1035 1074 = 2109 3 .3333 
P8207 1036 1075 = 2111 9 2 .2222 
P8208 1037 1076 = 2113 2 .3333 
P8209 1038 1077 = 2115 2 .3333 
P8210 1039 1078 = 2117 6 2 .3333 
P8211 1039 1079 = 2118 1 .2000 
P8212 1040 1079 = 2119 1 .2000 
P8301 1041 1081 = 2122 5 3 .6000 

5) Series D11 D 6) POPBC - monthly 

P82I 
P82II 
P82III 
P82IV 
P83I 

RGDPBC 

- 2771.3 8201 - 2771.3 8207 - 2785.9 
- 2777.2 5.9 8202 - 2774.3 8208 - 2788.0 
- 2785.9 8.7 8203 - 2776.0 8209 - 2790.2 
- 2792.4 6.5 8204 - 2777.2 8210 - 2792.4 
- 2800.5 8.1 8205 - 2781. l 8211 - 2794.0 

8206 -· 2784. 0 8212 - 2795.6 

Real gross domestic product of B. C. at market prices (in 
millions of $1971) was obtained in an annual series from 
the Central Statistics Bureau prior to 1979. A quarterly 
series from 1979 through 1982 was obtained from the 
Costs, Prices and Economics department of B. C. Telephone 
Company. Both series were redistributed using the monthly 
patterns of employment for persons over age 15 in B. C. 
The source of the latter information -is Cansim matrix 
2096, series D769176 (men) and 0769183 (women ) . This 
was accomplished by the following procedure. 

1) Add series D769176 and D769183. 
2) 
3) 
4) 

Total these monthly observations to obtain quarterly aggregates. 
Divide the monthly observations by the appropriate quarter. 
Multiply this ratio times the quarterly real gross domestic 
product for monthly observations. 



1) D769176 + D769183= Empi 

E820l 697 497 = 1194 
E8202 700 492 = 1192 
E8203 . 697 502 = 1199 
E8204 691 485 = 1176 
E8205 705 501 = 1206 
E8206 704 504 = 1208 
E8207 705 502 = 1207 
II8208 706 499 = 1205 
E8209 679 486 = 1165 
E8210 675 493 = 1168 
E8211 662 484 = 1146 
E8212 655 481 = 1136 

3 
4) QRGDP x Empi/ z. Empi 

i=l 

3852.7 

3831.2 

3766.7 

3794.7 

2) 3 

= 

~ Empi 
i=l 

3585 

3590 

3597 

3450 

Mon. RGDPBC 

1283.2 
1281.0 
1288.5 
1255.0 
1287.0 
1289.2 
1263.9 
1261.8 
1220.0 
1284.7 
1260.5 
1249.5 

3) Empi 
3 
~ Empi 
i=l 

:33305 
.33250 
.33445 
• 32758 
.33593 
.33649 
.33556 
.33500 
.32388 
.33855 
.33217 
.32926 
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NPDIBC 

1) 05235 

Y8201 
Y8202 
Y8203 
Y8204 
Y8205 
Y8206 
Y8207 
Y8208 
Y8209 
Y8210 
Y8211 
Y8212 

PGDPBC 

CPIVAN 

= 

73 
- Nominal personal disposable income in B. C. (millions 

Y. 
1 

of dollars). Prior to 1979, annual figures were obtained 
from table 3 of the B. C. Economic Accounts, June 1980, 
as the difference between total personal expenditure 
and current transfers to government. An annual series 
from 1979 through 1982 was obtained from Roger Purdy 
of the Central Statistics Bureau. Both series were 
redistributed on a monthly basis using Wages and Salaries 
in B. C. from Cansim matrix 1791 Series 05235. This 
derivation required the repetition of a procedure 
similar to that utilized to develop the monthly real 
gross domestic product of B. C., i.e. 

12 12 
2) ~ Y. 3) Y./z. Y. 4) xPDI = Mon.NPDIBC 

i=l 1 i i=l i 

1877465 • 0821803 = 2385.8 
1891403 .0827904 = 2403.5 
1936185 .0847506 = 2460.4 
1940788 .0849520 = 2466.2 
1959697 .0857797 = 2490.3 
1992303 22845690 .0872070 29031 = 2531. 7 
1850630 .0810057 = 2351. 7 
1726037 .0755520 = 2193.3 
1935730 .0847306 = 2459.8 
1949860 .0853491 = 2477 .8 
1926545 . 0843286 = 2448 .1 
1859047 .0813741 = 2362.4 

- Implicit GDP deflator for B. C. (1971 =l.00). An annual 
series, prior to 1979, was derived from information 
supplied by the B. C. Central Statistics Bureau as the 
ratio of current dollar GDP to constant dollar GDP. 
A quarterly series from 1979 through 1982 was generated 
by the Costs, Prices and Economics Department of B. C. 
Telephone Company. Both series were redistributed on 
a monthly basis using the same method developed to 
allocate population. The Vancouver CPI was utilized 
for monthly distribution. 

- Consumer Price Index for Vancouver (1971 = 1;00). 
Monthly series taken from Cansim matrix 7030 series 
0488500. 



TM 

109 

110 

lll 

112 

ll3 

114 

115 

ll6 

ll7 

118 

ll9 

120 

TM 

BUSTA 

RESTA 

Telsa File for 1982 
74 

(12 observations, 3 variables) 

BUSTA RESTA 

601047 1011586 

603094 1012787 

602063 1014589 

600381 1014619 

597597 1014451 

594856 1014667 

592160 1014489 

589062 1014942 

586059 1020779 

583194 1023876 

580568 1026393 

578897 1027918 

- Total number of observations. 

- Business main stations in B. C. were taken from Telephone 
Data, Form DP186 (column 4 line 39 minus lines 9 and 18). 

- Residence main stations in B. C. were taken from 
Telephone Data, Form DP186 (column 4 line 27). 



Dumymon File for 1982 
(12 observations, 11 variables) 

YYMM PS PSWD 0KTS 0KTSWD BCTS BCTSWD MNWD MNSUN MNBD MNDAY 

8201 0 0 0 0 0 0 21 5 20.0 31 

8202 0 0 0 0 0 0 20 4 20.0 28 

8203 0 0 0 0 0 0 23 4 22.0 31 

8204 0 0 0 0 0 0 22 4 20.0 30 

8205 0 0 0 0 0 0 21 5 20.0 31 

8206 0 0 0 0 0 0 22 4 22 . 0 30 

8207 0 0 0 0 0 0 22 4 21.0 31 

8208 0 0 0 0 0 0 22 5 21.0 31 

8209 0 0 0 0 0 0 22 4 21.0 30 

8210 0 0 0 0 0 0 21 5 20.0 31 

8211 0 0 0 0 0 0 22 4 21.0 30 

8212 0 0 0 0 0 0 23 4 20.0 31 

YYMM - Year and month of observation. 

PS - l if Postal strike in that month, 0 otherwise. 

PSWD - Postal strike weekdays/weekdays in month. 

0KTS - l if 0kanagan Telephone strike in that month, 0 otherwise. 

0KTSWD - 0kanagan Telephone strike weekdays/weekdays in month. 

BCTS - l if B. C. Telephone strike in that month, 0 otherwise. 

BCTSWD - B. C. Telephone strike weekdays/weekdays in month. 

MNWD - Number of weekdays in that month. 

MNSUN - Number of Sundays in a given month. 

MNBD - Number of business days in a month. 

MNDAY - Total number of days in a month. 
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TM 

109 

A = 

B = 

C = 

D = 

E = 

F = 

G = 

SEG0IM0N File, Mileage Zone A-G, for Jan. 1982 
(1 observation 23 variables) 

YYMM MSG*0l MIN*0l 

8201 4260 17531 
1432 5866 

0 - 10 miles 5692 23397 

34590 138020 
12107 52295 

11 .. 25 miles 46697 190315 

31405 129151 
10933 50298 

26 - 50 miles 42338 179449 

21401 99655 
8126 43364 

51 - 100 miles 29527 143019 

9919 51802 
3751 23445 

101 - 175 miles 13670 75247 

7053 41041 
2834 19561 

176 - 300 miles 9887 60602 

7764 43055 
2803 20628 

300 + miles 10567 63683 

TM - Number of observation. 

YYMM - Year and month of observation. 

MSG*0l - Sent paid messages by mileage zone. 

MIN*0l - Total minutes of call duration by mileage zone. 

REV*0l - Total revenue by mileage zone. 
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REV*0l 

3470 
1069 

4539 

35430 
12226 

47656 

48317 
16756 

65073 

47321 
18039 

65360 

27316 
10561 

37877 

24076 
9648 

33724 

28212 
·n201 

39413 
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Superwylber XIIPTSA was used to extract raw data fran the Toll 

Sample Arrays (TSA). A time series for messages, minutes and revenue 
was requested by customer class and the type of call. This information 
directly corresponds to twelve market segment files, i.e. 

Residential 
Mon. - Fri. 
Direct Dialing, 

Residential 
Mon. - Thur. 
Direct Dialing, 

Residential 
Friday 
Direct Dialing, 

Residential 
Saturday 
Direct Dialing, 

Residential 
Saturday 
Direct Dialing, 

Residential 
Sunday 

Day 

Eve. 

Eve. 

Day 

Eve. 

Direct Dialing, Day & Eve. 

Residential 
Mon. - Sun. 
Direct Dialing, Late Night 

Residential 
Mon. - Fri. 
Operator Handled, Day 

Residential 
Mon. - Fri. 
Operator Handled, Eve. 

Business 
Mon. - Fri. 
Direct Dialing, Day 

Business 
Mon. - Fri. 
Operator Handled, Day 

Business 
Mon. - Fri. 
Person to Person, Day 

SEGOlMON 

SEG02MON 

SEG03MON 

SEG04MON 

SEGOSMON 

SEG06MON 

SEG07MON 

SEGOBMON 

SEG09MON 

SEGlOMON 

SEGllMON 

SEG12MON 



The procedure was accessed by typing XIITSA in superwylber. 78 
Execution occurred when the following XIIPTSA parameters were entered. 
In the SEGDlMON example, direct dialing and equivalent calling between 
8 a.m. and 6 p.m. required some data manipulation. This was 
accomplished by combining the appropriate information in jobs 
SEG01A2 and SEG01B2. 
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0 - 10 

Residence: . 020214 
Mon. - Fri. (. 377) 
DDD, Day 

Residence: -.064946 
Mon . - Thur. (-.832) 
ODD, Eve. 

Residence: -.19430 
Fri. (-1.26) 
DDD, Eve . 

Residence: -.49594 
Sat. (-3. 77) 
ODD, Day 

Residence: -.23507 
Sat. (-1. 32) 
DDD, Eve . 

Residence: -.17757 
Sun. (-1. 46) 
DDD, Day & Eve. 

TABLE 14 
Entire s~mele Period Short Run Price Elasticities 

11 - 25 26 - 50 51 - 100 101 - 175 

-.23446 - . 21268 -.31469 - . 48627 
(-3 . 44) (-4.52) (-5.16) (-6.31) 

- . 44932 - . 30138 -.42721 -.47512 
(-5.04) (-5.21) (-5.73) (-7 . 90) 

-.67513 - . 55446 - . 56439 -.69236 
(-5 . 36) (-5.71) (-6 . 23) (-8.04) 

- . 12864 -.28589 -.48744 -.59747 
(-2 . 51) (-3. 48) (-4.89) (-6.51) 

-.56549 -.41465 -.74280 -.74081 
(-4.38) (-4.96) (-6 . 85) (-9.66) 

-.55452 -. 45631 -.68322 -. 78116 
(-5.17) (-5.13) (-6.91) (-9.48) 

176 - 300 

- . 48459 
(-6 . 69) 

-.30107 
(-5.05) 

-.61919 
(7 . 61) 

-.61873 
(-6.88) 

-.75650 
(-9.77) 

- . 71778 
(-8.64) 

300+ 

- . 72804 
(-6.68) 

-.27171 
(-4.52) 

-.47725 
(-6.29) 

- • 64100 
(-7.01) 

-.57709 
(-8.49) 

-.74330 
(-8.75) 

o:> 
0 



0 - 10 -

Residence: -.48549 
Mon. - Sun . (-4.21) 
DDD, Late Night 

Residence: - . 14509 
Mon . - Fri. (-1. 20) 
SOH, Day 

Residence: -.53345 
Mon. - Fri. (-3 . 69) 
SOH, Eve. 

Ous i ness: -.0066981 
Mon. - Fri . (-.0108) 
000, Day 

Business: -.66660 
Mon . - Fri. (-7.19) 
SOH, Day 

Business: -1 . 2743 
Mon. - Fri. (-7.04) 
PP, Day 

Entire Samgle Period Short Run Price Elasticities (Cont i nued) 

11 - 25 26 - 50 51 - 100 101 - 175 176 - 300 

0.080522 -.00083829 - . 075502 - • 0015927 -.053161 
( . 89) (-.013) (-1. 14) (- . 04) (-1.08) 

-0.068538 -0.092824 -.39522 -.95331 -.88432 
(-1. 22) (-1.57) (-3.80) (-8.48) (-8 . 31) 

-.21080 - . 26571 - . 41586 -.37485 -.42025 
(-2.66) (-3 . 48) (-4.87) (-5.32) (-6.5) 

-.18279 - . 098865 -.12490 - . 084855 -.076917 
(-2 . 39) c ~1. 96) (-2 . 1644) (-1.02) (-.85) 

-.13895 .022824 .066146 -. 0. 0054895 .050290 
(-2.42) (. 44) ( l. 61) ( - 0.06) (. 44) 

- . 46489 -.16323 - . 12791 -.043124 .12808 
(-3.88) (-1.35) (-1. 06) (-.26) (.87) 

300+ -

- . 097257 
(-1.75) 

-.84162 
(-7 . 76) 

- . 47699 
(-6.32) 

-.20782 
(-1. 98) 

. 092671 
(. 77) 

.10641 
( . 59) 

00 
I-' 



0 - 10 

Residence: .77568 
Mon. - Fri. (15. 56) 
DDD, Day 

Residence: . 73565 
Mon. - Thur. (16 .45) 
DDD, Eve. 

Residence: .46801 
Fri. (6.42) 
DDD, Eve. 

Residence: .51421 
Sat. (7.42) 
ODD, Day 

Residence: . 35657 
Sat. (4.29) 
DOD, Eve. 

Residence: . 51037 
Sun. (6. 72) 
DDD, Day & Eve. 

TABLE 15 
Entire Sample Period Lagged Dependent Variable Coefficients 

11 - 25 26 - 50 51 - 100 101 - 176 

.8006 . 79631 .74688 . ~9232 
(18.27) (21.51) (18. 08) (7.02) 

.65868 .74467 .63420 . 44969 
(12. 56) (17. 94) (11. 26) (7.16) 

.43446 .4652 . 42707 .16221 
(5.88) (6.20) (5.49) ( l. Bl) 

. 74928 .67399 . 59142 . 45841 
(15.38) (9.93) (8.09) (6.04) 

.45598 .53797 .30637 .14526 
(6.28) (8.15) (3.86) (2.02) 

.56960 .57990 .41462 .18402 
(9.37) (9.00) (5.76) (2.43) 

176 - 300 

. 48218 
(7. 35) 

.62836 
(9.90) 

.27319 
(3.26) 

. 45665 
(6.50) 

.16376 
(2.22) 

. 23251 
(2.89) 

300+ -

.49713 
(7.22) 

.70695 
(12.87) 

.43587 
(5.63) 

.42345 
(6.02) 

.32001 
(4.88) 

.26069 
(3. 35) 

00 
N 



Entire Snmple Period Lagged Dependent Variable Coefficients 

0 - 10 11 - 25 26 - 50 51 - 100 101 - 175 

Residence: .45026 .84414 . 81380 .80436 .84485 
Mon. - Sun. ( 5. 84) (14. 04) (11. 81) (12.39) (13 .17) 
ODD, Late Night 

Residence: . 64062 . 91747 . 90927 .78148 . 40092 
Mon. - Fri. (9.41) (30.97) (29.65) (18 .14) (6.33) 
SOH, Day 

Residence: .60739 . 88692 .78457 .62853 .55129 
Mon. - Fri. (8.99) (28.84) (17.74) (10.61) (8.18) 
SOIi, Eve. 

Business: . 90307 .81695 .90560 .88079 .93700 
Mon. - Fri. (18. 70) (14.24) (22.88) (21.13) (25. 07) 
ODD, Day 

Business: • 27534 .74429 . 93298 . 92798 . 96702 
Mon. - Fri. (3. 60) (12.42) (22.17) (23.69) (27.90) 
SOH, Day 

Business: .19299 .73603 . 76435 .81618 . 77604 
Mon. - Fri. (2.50) (15.78) (17.62) (1,9. 63) (15. 69) 
PP, Day 

(ContinueLl) 

176 - 300 

.75556 
(11. 34) 

.3307 
(4.86) 

.43555 
(6.08) 

. 92332 
(24.76) 

.95957 
(28.48) 

.76995 
(15 .11) 

300+ -

.76690 
(11. 14) 

. 45105 
(7.30) 

.46808 
(6.56) 

. 91102 
(21. 70) 

. 95 779 
(25.97) 

.67040 
(11.394) 

co 
w 



0 - 10 -

Residence: -.47364 
Mon. - Fri. (-2.56) 
ODD, Day 

Residence: -.85684 
Mon. - Thur. (-4.03) 
DOD, Eve. 

Residence: -1. 8079 
Fri. (-5.81) 
ODD, Eve. 

Residence -.73723 
Sat. (-3.81) 
ODD, Day 

Residence: -1. 7955 
Sat. (-5.81) 
ODO, Eve. 

Residence: -1. 1996 
Sun. (-5.54) 
DOD, Day & Eve. 

TABLE 16 
Short Kun Price Elasticities for 1978 - 1982 

11 - 25 26 - 50 51 - 100 101 - 175 

-.60551 -.65871 -1. 0421 -.55253 
(-3.91) (-5.40) (-6.15) (-5.29) 

-.75579 -.53502 - . 63805 -.46512 
(-4.88) (-4.39) (-5.22) (-5.60) 

-1. 1548 -.78896 -.72724 -.76025 
(-6.23) (-5.70) (-5.64) ( -6. 15) 

-1. 1109 -1. 2208 -1. 2884 -.78893 
(-6.58) (-6.44) (-5.33) (-3.57) 

-1. 4689 -.87416 -1. 1552 -.90741 
(-7.67) (-6.23) (-6.82) (-7.86) 

-1.2000 -1. 0104 -1. 1656 -.78795 
(-7.21) (-7.19) (-8.22) (-7.49) 

176 - 300 

- . 72078 
(-7.68) 

-: 46100 
(-5.20) 

-1. 2835 
(-8.89) 

-1.637 
(-5. 73) 

-1.0298 
-6.69 

-.845 
(-7.60) 

300+ 

-.85465 
(-4.85) 

-.38499 
(-4.42) 

-.90995 
(-6.07) 

-1. 9253 
(-6.06) 

-1. 1449 
(-6.89) 

-.87643 
(-7.31) 

00 
+" 



Short l~un Price Elasticities for 1978 - 1982 (Continued) 

0 - 10 11 - 25 26 - 50 51 - 100 101 - 175 

Residence: - 1. 0057 • 12 471 . 063228 . 02116 . 091018 
Mon. - Sun. (-5 . 68) ( l. 00) (. 67) ( . 22) (l.62) 
DDD, Late Night 

Residence : - . 47439 -.29837 -.70566 -.86039 -1. 0581 
Mon. - Fri. (-2 . 06) (-2 . 24) (-4 . 81) (-4.78) (-8 . 72) 
S0H, Day 

Residence: -.85 763 - . 48645 - .48369 - . 51958 -.42904 
Mon. - Fri. (-4 . 10) ( - 3.43) (-3 . 99) (-4 . 80) (-5 . 04) 
S0H, Eve . 

Business: -.21583 - . 34744 -.36797 - . 42131 - . 79966 
Mon . - Fri. (-2.02) (-2 . 95) (-3.23) (-3.60) (-3.69) 
DDD, Day 

Bsuiness: - . 97119 -.57493 - . 72731 -.80239 - . 7794 
Mon . - Fri. (-8 . 05) (-6 . 08) (-6 . 24) (-8.15) (-6 . 18) 
S0H, Day 

Business: -1.4352 - . 85649 -.40993 -.3624 - . 43134 
Mon . - Fri. (-5 . 69) (-6 . 71) ( - 2.39) (-2 . 25) (-2.08) 
PP, Day 

176 - 300 

. 048030 
(. 61) 

-.96964 
(-7.36) 

- . 40287 
(-5 . 50) 

-1.0077 
(-4.51) 

-.60616 
(-3 . 66) 

- . 11220 
(- . 71) 

300+ 

- . 026566 
(- . 38) 

- . 79844 
(-6.35) 

- . 44887 
(-5.15) 

-.80818 
(-3 .89) 

- . 44453 
(-3 . 23) 

0.093086 
( . 41) 

00 
l.n 



TABLE 17 

Lagged Uependent Variable Coefficients for 1978 - 1982 

0 - 10 11 - 25 26 - 50 51 - 100 101 - 175 

Residence: .49986 .51603 . 363 .17671 .33956 
Mon. - Fri. (5.02) (4.81) (3.44) (1.41) (3.01) 
DDD, Day 

Residence: .36762 .42453 .51747 .42396 .41669 
Mon. - Thur. (3.70) (4.04) (4.92) (4.13) (4.39) 
DDD, Eve. 

Residence: - .1945 0.06078 .19543 .15901 0.03166 
Fri. (-1.52) (. 49) (l. 60) ( l. 24) (.24) 
DDD, Eve. 

Residence: .37676 .19611 .060280 .12391 .39927 
Sat. (3.59) (l.85) (. 45) (. 79) (2.48) 
DDD, Day 

Residence: .036466 -.12525 0.095288 -0.04867 -0. 051133 
Sat. (.33) (-1. 04) (. 77) (-. 37) (-.43) 
DDD, Eve. 

Residence: .18677 .20494 . 10229 -0. 03572 .069812 
Sun. (l.72) (2.08) (. 89) (-.29) (.61) 
DDD, Day & Eve. 

176 - 300 

0.070266 
(. 66) 

.35301 
(3.14) 

-.23553 
(-1.82) 

-.16316 
(-0.1) 

. 013197 
( .1) 

- . 01598 
(-0.09) 

300+ 

. 35889 
(2.99) 

.54924 
(6.09) 

.22057 
(l. 92) 

-.067705 
(-.42) 

.11289 
(. 95) 

. 098507 
(. 84) 

(X) 

°' 



0 - 10 

Re s idence: . 13849 
Mon. - Su n. (1. 23) 
DDD, Late Night 

Residence : .637 
Mon. - Fri. (6 . 52) 
SOH, Day 

Hesidence: .52381 
Mon. - Fri. (6 . 32) 
SOH, Eve . 

Bu s iness : . 73394 
Mon. - Fri. (7. 50) 
DDD, Day 

Business: . 071212 
Mon . - Fri. (. 74) 
SOH, Day 

Business : .067514 
Mon . - Fri . (. 63) 
PP, Day 

Lagged Dependent Variable Coefficients for 1978 - 1982 (Continued) 

11 - 25 26 - 50 51 - 100 101 - 175 176 - 300 

• 91544 . 790 47 .73173 . 85828 . 59866 
(12 . 56) (7 . 40) (6 . 84) ( 9. 46) , (4.96) 

. 86798 .68591 . 54007 . 23592 .12258 
(21.36) (12. 96) ( 7. 33) (3.04) ( 1. 25) 

.79339 . 6412 . 51023 .45988 . 40948 
(1 9. 95) (9 . 23) (6.62) (5.50) (4 . 65) 

.65844 .72831 . 66234 .60864 . 35856 
( 6. 59) (8 . 44 ) ( 6 . 97) (5. 76) (2 . 83) 

. 33913 . 38935 • 20901 .54727 .56074 
(4.15) ( 4.37 ) (2.49) (7 . 87) ( 5 . 90) 

.13038 . 31961 . 30302 .19507 . 32548 
(1.50) (4.09) (3 . 64) (2 . 10) (3 . 36) 

300+ 

. 71715 
( 6. 95) 

.37126 
(4 . 26) 

.36449 
( 3. 64) 

.60682 
(5.68) 

. 67983 
( 9. 07) 

. 25422 
(2 . 91) 

00 
-.J 



ESSUll = 

Zone m ESSR ESS1 ESS 2 ESS1+ess 2 
(Xl--

Segment l 

l .24151 .062821 .13652 .199341 
I 2 0.094994 .041906 .040077 .001?03 .i .. I 3 .10206 .048278 .032858 .081136 
I 4 .12900 .059098 .044750 .103848 

5 .25959 .12856 .094851 .223411 
6 .34244 .17601 .10383 .27984 
7 .47540 .18902 .23892 .42794 

Segment 2 

l .44297 .15742 .10494 .34236 
2 .16577 .088207 .049675 .137882 
3 .087956 .039011 . • 030735 .069746 
4 .10520 .055983 .037558 .093541 
5 .14426 .059021 .064867 .123888 
6 .21825 .12076 .073187 .193947 
7 .22929 .12719 • 083607 • 210797 

Segment 3 

l 1.5929 .40875 .61405 1.0228 
2 .39078 .17510 .14087 .31597 
3 .29169 .12653 .10529 .23182 
4 .24105 .099574 • .10136 .200934 
5 .44953 .17898 .21765 .39663 
6 .49686 .25157 .14279 • 39436 
7 .82529 .45805 .19313 .65116 

TI\LILE 18 Chow Test 

(ESSR 
ESSH-ESSiJR 

-ESSUR) K N+M-2K --c-

.042169 7 106 .0060241428 

.013011 . 00lll587142 

.020924 .0029891428 

.025952 .0037074285 

.036179 .0051684285 

.Q626 .0089428571 

.04746 • 00678 

.10061 .014372857 

.027886 • 003904 

.01821 .0026014285 

.011659 .0016655714 
,01538 .0021971428 
.024303 .0034718-571 
.018493 .0026418571 

.5701 .081442857 

.07481 .010687142 

.05987 .0085528571 

.040116 .057308571 

.0529 .0075571428 

.1025 .014642857 

.17413 .024875714 

ESSUH 
N+M-2K 

.0018805754 

.00077342452 

.00076543396 

.000979698 

.0021076509 

.00264 
• 0040371698 

• 0032290113 
• 00130077 35 
.00065798113 
.00088246226 
.0011687547 
;0□18296886 

.0019886509 

0.0096490566 
o. 002980849 
.0021869811 
.0018956037 
.0037417924 
• 003720377 3 
0.0061430188 

(ESSR-ESSUH) /K . 
ESSUf( / (N-+H-2K) 

3. 203351103 
2.406"33 
3.90516 
3.784255 
2.45222 
3.387446 
l. 67939 

4.45 
3.0627942 
3. 953652 
1.8874138 
1.8799 
1.8975 
1.328 

8.4405 
3.58526 
3.91 
30.232 
2.01966 
3.9 
4.0494 

" 

00 
00 



I 
I 

• I 

~1 
'~ 

ES5UR = ' I 

·;-! 

12m °' ESSR ::.:L ESS 2 
ESS

1
+Ess

2 
CX) --

~ment 4 .. l .54538 .16726 .18064 .3479 
2 .26197 .10075 .093459 .194205 
3 .41264 .15240 .14107 .29347 
4 .74005 • 32388 .25049 .57437 
5 1.4579 .79817 .44063 1.2386 
6 1.9403 1.1543 .51310 l. 6674 
7 3.2861 1. 7466 • 76892 2.51552 

Segment 5 

l 2.0874 .84776 .64492 l. 49268 
2 .48701 .16368 .16220 .32580 
3 .24609 .090554 .10558 .196134 
4 .47097 .17717 .21664 .39381 
5 .61236 .34170 .22200 .5637 
6 .80010 .45897 .27232 .73129 
7 1.0401 .58118 .32430 • 90548 

S~ment 6 

l 1.0859 .36407 • 31199 .67606 
2 .27370 .12043 .091330 .21176 
3 .23591 .10207 .076936 .179006 
4 .26376 .12901 .065240 .19425 
5 .45254 .24479 .11232 .35711 
6 .42228 .23191 .090443 • 322353 
7 .48155 .26203 .13326 • 39529 

Chow Test (Continued) 

INCL. 
(ESSR DEPND ESSR-ESSUR 

v.v. 
-ESSUR) K ~ K --

.19748 7 106 .028211428 

.067765 • 0096807142 

.11917 .017024285 

.16648 .023782857 

.2191 .0313 

.2729 .038985714 
• 77058 .110082857 

.59472 .08496 

.16113 .023018571 

.05475 • 0078214285 

.07716 .011022857 

.04866 • 0069514285 
• 06881 .00983 
.13462 .019231426 

.40984 .058548571 

.06194 .0088485714 

.056904 .0081291428 

.06951 0.00993 
• 09543 0.013632057 
.099927 .014275285 
0.08626 .012322857 

ESSUR 
N+M-·2K 

. 0032820754 

.0018321226 

.0027685849 

.0054185849 

.011686792 

.015730188 

.02373132 

.014081886 

.0030743396 
• 0018503207 
• 0037151886 
.0053179245 
• 0068989622 
.0085422641 

.0063779245 
• 0019977 358 
• 0016887 358 
.0018325471 
.0033689622 
.003041066 
.0037291509 

(ESSR-ESSUR)/K 

~R/(N+M-2K) 

8.5956 
5.28388 
6.14909 
4.389127676 
2.678237 
2.4785 
4.638716 

6.03328 
7.4873 
4.22706775 
2.966971 
1.387169 
l.42485 
2.25132656 

9.179879 
4.4293 
4.813746 
5.41868776 
4.0466 
4.69417 
3,304468 

CX) 

'° 



1 
~ ESSUR = 

ESSR ESSl ESS 2 ESS 1+ESS2 4 ZonE! ~ ------

·; 
. l 

~ment 7 . . 

. : J 1 1,8865 .73649 . 51719 1. 25368 

•• q 2 • 7491 .27792 • 36777 .64568 
3 .44248 .14117 .28587 .42704 
4 .40155 .10291 .26789 .3708 
5 .48711 .19744 .23260 .43004 
6 .50356 .13451 • 32009 .4546 
7 .39015 .16916 .17159 .34075 

.. f 

' -.. , 

Segment 8 

1 2.7981 • 38116 l. 7148 2.09596 
2 .40376 .13633 .19802 .33435 
3 .37428 .10981 .12579 .2356 
4 .55201 • 15777 .21103 .3688 
5 .43162 .22428 .086753 • 311033 
6 .63835 .25549 . 22774 .48323 
7 .62424 .29788 .16138 .45926 

Segment 9 

l 5.443 1.2134 2.3304 3.5438 
2 .56652 • 19492 .24057 .43549 
3 .51146 .18587 .19828 • 38415 

·4 .37244 .13380 .16827 .30207 
5 .40260 .18257 .14196 • 32453 
6 . 46969 .20829 .14286 • 35115 
7 .68137 .25293 .20389 .45682 

Chow Test (Continued) 

(ESSH 
ES~H-ESSUR 

-ESSUR) K N+M-2K K 

• 63282 7 106 .090402857 
.10341 .014772857 
.01544 .0022057142 
.03075 • 004 392 85 71 
.05707 .0081528571 
.04896 ,0069942857 
.0494 .0070571428 

.70214 .1003057 

.06941 .00991571 

.13868 .01981143 

.18321 .02617286 

.120587 .01722671 

.15512 .02216 

.16498 .0235686 

1. 8992 • 27131429 
.13103 • 01871856 
.12731 .018187142 
.07037 .01005286 
.07807 .01115286 
.11854 .01693429 
.22455 .03207857 

ESSUR 
N+M-2K 

.011827169 

.006091415 
• 0040286792 
• 0034981132 
• 0040569811 
.0042886792 
• 0032146226 

.0197732 

.04776429 

.00222264 

.003479245 

.002934274 

. 0045587735 

.00433264 

.03343208 

. 004108 3962 

.00 36240566 

. 0028497169 

.003061604 

.003312736 

.004309623 

(ESSR-ESSUR )/K 

ESSUR/(N+H-2K) 

7.6437 
2,4252 
.5475 
1.2558 
2. 0096 
1.6308 
2. 1953 

5.0728 
0.2076 
8.9135 
7.5226 
5.9833 
4.86096 
5.4398 

8.1154 
4.556 
5.018 
3.5277 
3.6428 
5.1119 
7.4435 

\.0 
0 



ESSUR = 

Zone ~ ESSR ESS 1 ESS2 ESS1+Ess2 

Segment 10 

1 .27911 .10410 .13154 • 23564 .. 2 .17400 .075415 .064708 .140123 
3 .11573 .051661 .041702 .093363 
4 .13437 .060541 .048986 • 110401 
5 ,15640 .079207 .044040 .123244 
6 .18789 .079098 .061817 .140915 
7 .20196 .096173 .055423 .151596 

Segment 11 

1 1.265 .43807 .51881 .95688 
2 • 38627 .10629 .13018 .23647 
3 .33667 .14938 .083555 .232935 
4 • 34235 .12796 .072576 .200536 
5 .35790 • 22703 .069271 .296301 
6 .46782 • 23141 .12278 .35419 
7 .58613 .40158 .10929 .51087 

Segment 12 

1 12.284 2.6072 7.5705 10.1777 
2 1.7145 • 34112 .61834 • 95946 
3 • 99404 .22893 .43434 • 66327 
4 .78884 .'13915 .33415 .4733 
5 • 98814 .19798 .45971 ,65769 
6 .71269 .34365 .25039 .59404 
7 1.2811 .33901 .50243 .84144 

Chow Test (Continued) 

(ESS
11 ESSR-ESSUR 

-ESSUR) .!$. N+M-2K K 

.04347 7 106 .00621 
• 033877 .00483957 
.022367 .003195286 
.023969 .00342414 
.033156 .00473657 
,046975 .0067107 
.050364 .00719486 

.30812 .04401742 

.1498 .0214 

.103735 .014819285 

.141814 ,020259142 
• 061595 .008799285 
.11363 .016232857 
• 07526 .010751426 

2.1063 .3009 
.75504 .107862857 
.33077 .047252057 
,31554 .045077142 
.33045 .047207142 
.11865 .01695 
.4397 .062814285 

ESSUR 
N+M-2K 

.0022230186 

.001321915 

.000880783 

.001041518 

.001162679 

.001329387 

.001430151 

.0090271698 

.0022 30849 

.0021975 

.001891849 

.0027952924 

.003341415 

.0048195263 

.096016037 
,0090515074 
.0062572641 
.0044650943 
.0062046226 
.0056041509 
• 0079381132 

(ESSR-ESSUR )/K 
ES SUR/ (N+M-2K) 

2.7935 
3.661 
.3.6278 
3.3851 
4.0738 
5. 0479 
5.0308 

4.8761 
9.5927 
6.7437 
10. 7086 
3.1479 
4.8581 
2.2306 

3. 1339 
11. 9166 
7.5517 
10.9545 
7.6084 
3.0245 
7,9129 

\0 
I-' 



Segment 0 - 10 11 - 25 

1 0 -1.1758 

2 -2.4568 -1.3164 

3 - .36523 -1.1938 

4 -1.0209 - .51308 

5 - .36534 -1.0395 

6 - .36266 -1.2884 

7 - .88313 0 

8 - 1.3069 -2.26 

9 -1.801 -2.3544 

10 - .81121 -1.0172 

11 -1.0457 - .86996 

12 -1.5391 - .98490 

TABLE 19 
:u::Nr-RUN PRICE .EIA5TICITIES 

26 - 50 51 - 100 101 - 175 

-1.0441 -1.2432 - .95783 

-1.1804 -1.1679 - .86337 

-1.0368 - .98509 - .82641 

- .87694 -1.193 -1.1032 

- .89745 -1.0709 - .86671 

-1.0862 -1.1671 - .95733 

- .0045005 - .38592 - .010261 

-2.2467 -1.8707 -1.3848 

-1.3481 -1.0609 - .79434 

-1.3544 -1.2477 -2.0433 

-1.191 -1.0156 -1.7216 

- .60249 - .51996 - .53587 

176 - 300 

- .93583 

- .81011 

- .85193 

-1.1387 

- .90464 

- .93523 

- .21748 

-1.1051 

- .68223 

-1.5710 

-1.38 

- .16634 

300+ 

-1.4478 

- .92718 

- .84599 

-1.1118 

- .84867 

-1.0054 

- .41723 

-1.2699 

- .70631 

-2.0555 

-1.3884 

0 
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