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~ PART I

Optima]hPricing Considerations‘For Local Telephone Service. .

"1;_ IntroduCtion

Nearly all goods and services are priced so that payment - increases
as individual consumption increaSes; -Cups of coffee, pairs’of shoes,

ki]owatt-hours of e1ectric1ty,;and»1ong'distance'te]ephone~ca]]s~a11

“have a. per unit pr1ce so that -a consumer. pays more for every un1t
»consumed - This k1nd of pr1c1ng 1s referred to as usage sens1t1ve
."pricingf(USP) Loca] te]ephone service 1s pr1ced dmfferent1y<~ In

‘Canada users. pay 'a month]y fee for access to the system, but are-

allowed to make as many local phone calls as they wish at no extra . ‘
charge.. - A 4
We‘might expect a pricing-systemfto be'insensitive to'usage if

the cost of mon1ter1ng use: 1s very h1gh compared to the cost of

;produc1ng.the-serv1ce ~Inmost of Europe however local telephone
© service is subject to usage sens1t1ve pr1c1ng It 1s poss1b1e that

.Ncond1t1ons have been suff1c1ent1y d1fferent in. Europe and North

" America- that, in the’ past, usage sens1t1ve pr1c1ng of ]oca] te]ephone~

‘ service m1ght have been econom1ca11y efficient for Europe but not

”for North Amer1ca (see Mathewson and Qu1r1n, 1972) " However, cond1-»

tions have-changed-suff1c1ent1y 1n the past feW‘yearS'that it seems

L‘un11ke1y that ex1st1ng pr1c1ng po11c1es 1n North Amer1ca cont1nue to

be eff1c1ent



-2 -

In the United States there is a slow but steady movement towards
usage sensitive pricing of local telephone service. There are three
baktiéu]ar]y important reasons for this cHange, ‘First, local service
has traditionally been subsidized by long distance service; that 53,
revenues generated by monthly access charges have not been covering
10ca1'¢o§ts. it is, of course, difficult to determine the "costs":of
local service as distinct from the costs of long distance ser?ice When

both are jointly produced. Also a precise definition of subsidization

is'required. Subsidization and discrimination are taken up in Section 6.

Despite the difficulty in being precise about costs and the degree of
-subsidiz&tion it is, neverthe]ess, commonp]ace that Tocal service has
been'subsidized,.in Qome reievant-sense,by long distanée servfce. (See,
for example, Baude (1979)). 1In any case, long distance telephone
sefvice is now in competition with a growing private telecommunications
1ndy;try in the U.S.  If te1ephone companies continue to subsidize local
service With high long distance rates, they may lose many of,theif long
distance customers and much of their revenue. If local service'is to
geneféte more revende, usage sensitive pricing promises to be a ]ess

painful (and more efficient) method than increasing access charges.

" A second reason for the-change in the U.S. is that Tocal telephone

Tines are.being used ihcreaéing]y to Tink computers. Such lines could
be active most of the time, drastically increasing the load on the

Tocal telephone networks, involving either binding capacity constraints

and.reduced quality of service, or expensive upgrading of Tocal systems.

In-either case, usage sensitive pricing promises to be a helpful tool.
Finally, the cost of monitering usage haslfa11en dramatically in

recent years, making usage sensitive pricing much more attractive now

thah in the past.

. . . . P




r

The purpose of th1s~section»is.to survey'theAimportant'theoretica1

'cons1derat1ons that shou1d be kept in mind in des1gn1ng a pricing

: po]1cy for 1oca1 serv1ce The po1nt of view is that of the.regu1ator

rather than the shareholders of te1ephone compan1es The‘reguTator-'

may face a constra1nt in that'a minimum: rate of return to shareho]ders

- is requ1red but it is assumed that the regu]ator S obJect1ve is to

cact 1in the public 1nterest

Perhaps the most basic 1ns1ght of opt1ma1 pr1c1ng is that, in
the absence of special c1rcumstances, prices shou]d be set equa1 to

marg1na1 cost At Teast, marginal cost pr1c1ng;1s the standard aga1nst

“which a1ternat1ve pricing methods should be compared. In ‘any case, -

'we'start with a brief discussion-of margina]~cost pricing There o

. are however many spec1a1 c1rcumstances that 1mp1y that departures

1from marg1na1 cost pricing are desirable. First, demand.for te1ephone

service has_a.strong cyc]wca] character_wh1¢hlmahes.it difficult to’
identify-a singie marginal cost."The effective marginal‘cost»isvhigher '
in periods of peak demand than in offpeak periods. The second subject

to be discussed is peak-load pricing.

The second maJor comp11cat1on 1s that marg1na1 cost pr1c1ng

w111 not always cover costs Te]ephone compan1es are supposed to

earn a . norma] prof1t" 50 departures from s1mp1e marg1na1 cost: pr1c1ng

may be requ1red from this source. Eff1c1ent pr1c1ng subject to a.

~~prof1t constraint Teads to consideratioh:of nohTinearvpricing(esper

cia11y two-part tariffs), sé]f-se]ected-(or optiona])-pricing,schedules,

pr1ce d1scr1m1nat1on and cross- subs1d1zat1on Each.of these topies will

L be. carefu]]y discussed.
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A third special feature of te]ephone_service is .that the decision
to join the telephone network has an externality associated with it.
Specifically, if oné-consumer joins, all other consumers benéfit
because they now have the option of phoning the new consumers. Becausg
the new consumer would. not cépture all these benefits himself, he
may decide not to join the system.even when it would be socially
desirable that he do so. This'ca11s for adjustment of pricing sched-
U}es. Cohsumption externalities will be discussed. It should probably
be mentioned at the outset that, a1though éonsumption externalities
are important in early stages of development of a telephdne network,
once telephone service is nearly universal, as it is in Canada, further
éfficiency gains from.adjustments to aCcount'fof consumption exter-
nalities are 1ikely to be'trivia1 in comparison to the gains to be
made from, %of example; peak-load pricing.

There are also some additional concerns which deserve at least some
attention, including ex post pricing and the Averch-dohnson effect. These

two issues are taken up briefly,

2. . The Measurement of Economid Welfare

Before "optimélity" or "efficiency" in te]ephoneApricinglcan
be discussed it is necessary to have some clear specification of the
objective in mind. The basic assumption is that a consumer's benefit
from éonsuming an item can be measured by the maxfmum amount he wou]dv

be willing to pay for it. The difference between this maximum




price

Figure 1: Consumer's'Surp1Us

 quantity
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“and the:amount actUa]]y paid is a surplus to the consumer and ‘is

- referred to as consumer's surplus. The consuﬁer has a demand curve
for telephone service. Let the quantity of telephone service be
denoted by x. Then the maximum price the consumer is willing to ‘pay
for an addftiona] unit of local telephone service, if he is already
consuming x, is shown by the demand curve at quantity x: p(x).

This is shown on Figure 1. If the price for local sérvice were p*,
tﬁen total consumer's surplus from consuming telephone service would
be represented by the'shaded region because, for each unit consumed,

the incremental consumer's surplus is p(x)'~ p*.

There are difficulties with using consumer's surplus as a measure

- of individual uti1ity. Some difficulties can be avoided if the

mérgina] utility of income is not affected by the total amount of -
teiephone service consumed. ‘It is also convenient if the demands for
other goods are not much affected by the price of local telephone
service, although surplus measures do make sense even with interdependent
demands. These two assumptions seem 1ike very reasonab]e,simpiifying
approximations for te]ephone service. They would be Tess reasonable for
a good which consumed a large fraction of a cbnsumer's budget, Tike

housing services. .

Given that consumer surplus is a reasonable measure of utility

for a'sing1e consumer there is still the problem of aggregation.
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Is one do]]ar of surp]us to consumer A as va]uab]e to soc1ety as a

doltiar of surp]us to consumer B. If B is very much poorer than A"

the answer'is likely to be no. Neverthe1ess, in deriving opt1ma1‘

‘pr1c1ng ru]es it is usua]]y assumed ‘that dollars of surplus counttb :
"the same wherever they accrue. This- approach is usua11y defended:
 in one of three ways. F1rst, it can be argued that there are govern; -

‘ment agencies explicitly concerned w1th red1str1but1on of income and |

that they are always 1nvolved in-adjustments through the tax and

.transfer system so as to keep the d1str1but1on equ1tab1e.. Therefore,

»1ndustry regulators should be concerned so]e1y w1th eff1c1ent

pricing for their industry and not.try to make d1str1but1ona1 Judge-:

~ments- (More’torma11y; if some agent is optimiiing the distributfonf
- of 1ncome, 1t must be the case that the social’ marg1na1 value of an

'extra dollar is the same everywhere in soc1ety )

A second justification is that, 1f some change in pricing
generates a net surplus, it is always possible to carry out a set

of compensatjng payments that wou]d 1eave.everyone better offf- Th1s_

Justification is strongest, of course, when compensatiohs-are actually.

made.. Finally, it can be argued that 1f surp1us 1s max1m1zed

-1ndependent of where the benef1ts accrue, then soc1ety is gett1ng'
better off.on average. Thus, although one consumer might be made;
iworse'off_by a particular change, he would expect to benefit from

| other-policies:
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For the case of'teTephone service, the distributional effects
of changing pficing po]icies are likely to be small, so it seems
reasonable to ignore them by fochssing on surplus measures. Some
- economists oppose the use of surplus measures and the literature of
" economics is full of re]ated analysis and discussion. Our objective
here is not-tb survey this Tliterature, but perhaps a few citétions
are‘appropriate. Standard references are Hicks_(1940-41; 1943),
Harberger (1971) and Willig (1976). A textbook treatment can be
found in Varian (1978).

Our assumptions imply that individual utility functions can be

approximated by the form
Ui = o3y vy m

where i is an index over consumers running from 1 to n, and Y; refers
to the dollar expenditure on other goods by consumer i. Total consumer
surplus from telephone service is then

S =
i

He s
—

“i(xi) - pIx; - T (2)

where p is the price of local service andT represents the usage
insensitive fixed monthly charges. Profits earned by the telephone
company accrue to shareholders and thus also contribute to the utility
of members of society. Using = to denote profits yields = = pIX; + T -

c(in) where ¢ is the cost of producing telephone service. Adding S




. maximize - 'U.=uiwi)+y
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and. yie]ds the net surplus, which is-takenfto be the regulator's

-objective anction

W= z us (x ) - c(zx, ) | B "'. 1‘ A(3)
" 1-1 o

“This net benefit function is the total consumer benefit from consuming

~te]ephone service minus the cost of producing*it§ This can be rewritten

= B(x) - cx) o o ()

.where B = Zu, (x ): the-gross-benefit to consumers from COnsumption of X.
| By the def1n1t1on of B, we have dB/dx du. /dx , and, because of .

ut111ty max1m1zat1on by consumers, du, /dx é p{ Forma]]y, the consumer S

prob]em is to
i i

subject3to‘ apxi.f t + yi_i‘Ii

_ where’I:»represents the consumer!s total. income »and t represents;the

,month1y fixed fee pa1d by th1s consumer. for Tocal service. Writing down -

the Lagrang1an funct1on and assoc1ated f]rst order cond1t1ons for a

mdx1mum.
Lo=ug(xg) gy ¥ LDy - pxy = B = yg]

aL/ax,

0 + du;/dx; = Ap = 0

| BL/ayi' 0+a=1
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Therefore, the consumer sets dui/dxi = p so dB/dx = p, Because
dB/dx = p it is also true that B is the integral of market demand
_ " _

B(x*) = s p(x)dx
0

where p(x) is the (inverse) market demand for x. This leads to a
third way of writing the regulator's problem:
xX* |

Maximize W = f p(x)dx - c(x*) - (5)
0 I -

3. Marginal Cost Pricing

The desirability of marginal cost pricing is so well estab1ished
in the 1iterature on regu1at1on that it doesn't seem worthwhile to
dwe11 on 1t here. However the basic result is eas11y der1ved from
what we have so-far. ~ The regu1ator S prob]em is to maximize (4)

S0 p-=mc is the so]ﬁtion: price should be set equal to marginal
cost. The basic insight is that price reflects the marginal 9a1ue

to a consumer, and therefore to society, of an extra unit of telephone
service; If this extra value exceeded the marg1na1 cost to soc1ety
'of extra telephone service, then clearly additional consumption
should take place. Similarly if the price (and marginal benefit)

were less .than marginal éost, consumption should be cut back. AOﬁ1y'
ff price is just equal to margdnd] cost is the optimal amount of

telephone service consumed.

Some observers t}éat ]EE;{“£é1éphone service as two commodities:
acéess to the system and usage. This is appropriate if costs can be
identifiedejth“acéess and usage separately, which seems quite reasonable
for telephone service. Iﬁ this. framework marginal cost pricing implies
that both month]y access chargés and usage charges would be desirable,

with each charge set at the appropriate marginal cost.
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This argument for mahgina]‘cost-priCing makes severa] imp]icit

| assumptions. F1rst of a11 1t assumes that the marg1na1 social cost

of product1on is the same as. the pr1vate marg1na1 cost If there

are other d1stort1ons in the economy, such as imperfect compet1t1on

i -and taxat1on S0 that other prices d1ffer from marginal cost, th1s 1s

- not true. ‘Th1s prob]em is associated with the  theory of the second

best, which was first articu]ated in general form by Lipsey and

-Lancaster‘(]956)._ Whether or not this second-best probTem"iS~grounds

for abandoning margina] cost pricing as a guide]ine"has not been-

proper]y sett]ed and since it 1s a quest1on that 1s essent1a11y
emp1r1ca1 in nature, it must be answered on a case by case basis.
Later articles on the theory of the second best 1nc1ude McManus (1959) :

Green'(]961), Davis and Whinston. (1965), Farrell (1968)3 and Boadway and

(1977).

--Strictly‘speaking, imposing a minimum profit constraint on the

public utility turns the prob]em into a Second—best problem. However

it is conceptua]]y useful to d1st1ngu1sh between the prof1t constra1nt
and second best considerations that arise because of 1mperfect compe-

t1t1on and taxat1on e1sewhere in the ‘economy . As a practical matter,

these ]atter.second.best effects are genera]]y.fgnored. One hopes
-the effects are sma11;:1n any case, trying to ca]culatefthemiis notw-'

 feasible.

The basic presumption is that distortions. cause prices to exceed

margina]‘cost elsewhere in the economy, with the result that too little

Harris



'Substitutes tend to dominate the marketplace; therefore in the absence

- mand is independent of demand for other goods, which implies that telephone
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of these goods is produced. To the extent that telephone serviﬁe is
a substitute for underproduced goods, its price should exceed marginal
cost. If telephone service were sufficient1y complementary to underpro-

duced goods, however, it's optimal price could be below marginé] cost.

of information to the contrary, one would expect that second-best
adjustments would call for slightly higher prices in regulated indus-

tries. We have already assumed, for simpTicity, that telephone service,dé—

service is neither a substitute nor a complement for other goods and
consequently, that these second-best effects are negligible. - This

seems like quite a reasonable assumption for local telephone service.

One objection to marginal cost pricing is based on equity con-
sideratiéns, If margina1 cost is below average cost, as is likely for
mdst pdblic utilities, including telephone service, then consumers
paying marginal cost prices would not pay the full cost of their
consumﬁtidn and would require a subsidy from society at 1arge: This
argumeﬁt is developed in Coase (1970). We have assumed that dollars
of surplus are worth the same everywhere which effectively assumes
away thig equity problem. One way of dealing with this problem, of

course, is to require that the telephone company cover its full costs.

Another problem is that marginal cost might not be easily

identifiable as a single number. In particular, marginal cost might
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» vary from time to time, which 1eads,tvour-next'topic:‘ peak-load

pricing.ﬂ As‘for.geneha} references on marginaT‘cost pricing, Hote]Ting
(1939) is~often cited as a c]assic‘statementAof the case for marginal.
cost pricing. _Rugg]es (1949-50) reyiewsamuch of the early literature.
A rethen nontechnical account of marginal cost;pricing,and reTated. |

issues is in Kahn (1970). See-a]so_Ne]Son,(1964)'and Turvey (1970).

4. Peak-load Pricing

Demand for local telephone service varies in-a sharp but regular

pattern over the day and week. Dur1ng per1ods when usage is below"

capacity the marginal cost of extra phone calls is very low, ref1ect1ng

extra operat1ng costs on]y Converse]y, in per1ods when the system

is being used. up to capac1ty, the marg1na1 cost 1nc1udes a capac1ty

cost since extra consumpt1on wou]d requ1re prov1s1on of extra capac1ty.

‘Thus marginal costs differ from per1od to period and simple extens1on

. of the marginal cost pricing principle. suggests that different prices

should be charged.

~The§basic insight can be derivedirather direct1y,in the fo]]owing
simpTiFfed model. -Consumer i gets utility from consumption in the.
peak per1od denoted xl and . from consumpt1on in off-peak per1ods,

denoted x? Total consumpt1on in the,peak period is denoted xj

1., .2

and

- total consumption in offépeak periodSziS‘xz,_ Let x = x' + x°.
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Capacity is denoted by k and there is a capacity constraint: X1 = k.

Following Williamson (1966) we assume linear cost: ¢ = F + bx + gk.
F is some fixed cost, b is marginal operating cost and 8 is the marginal
cost of adding to capacity. This model addresses the problem of deterministic

cyclical demand. There is also a stochastic character to demand which is

taken up later.

The regulator's problem is to maximize total utility minus total

cost as in (3), so substituting x1 = k in the cost function yie1d5~the

‘ following problem

Max W = 2ui(x},x§) - F - bx - Bx] , (6) .
, 1 _ 1 _

aw/axi =0 » aui/axi -b-8=20

H/8x% = 0 > du /ax5 - b = 0

As before, the consumer sets the marginal utility of extra consumption
equal to the pffce, so if the peak period price is p].and the off-peak

price is p2, then the above conditions yield

p]

b+.8

p? = b
The peak period price should equal marginal operating cost plus marginal
capacity cost, and the off-peak price should equal marginal operating
cost only. Thus our simple mode}-captures the basic insight. The
intuitive rationale might go as follows. Capacity is determined, in

some sense, by peak demand. In the qff-peak periods there is excess
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capacity. We can see that charging any price above margjna1 operating

_cost for the off-peak period must be inefficient. Imagine P =b+a

for some positive a. Then thére_wou]d-be;consumers willing to'pay:__
more than b but not as much as b + a for extra telephone service. - Since .
the extra cost to society of their call is only b and~the margina]’

value to-the consumer (and society) exceeds b, the call is socially

‘desirab]e, yet the price eqda] to b + a prevents the call. Thus the

2 = b. Note that the solution to. (6)

implicitly characterizes the optimal capacity that should be -built.

-AdditionaI capacity should be bui]t-up,to:the Tevel at which the

| marginal willingness of consumers to pay for the éervice'in-thefpeak.-f

period is just equal to -the marginal cost 'of bui]tihg and operating -

extra capacity.

. The ‘Titerature on peak-load pricihg is. voluminous,, partTy because
it is a very important practical problem, but largely becaUse>there:‘

are many considerations in additipn t0<the basic insﬁght, all of

which have been ignored by our simple formulation. Indeed, one could -

identify at least seven separate issues that haVe~received épetial

attention. We shall look at each issue in turn, but it seems reason-

‘able to begin with a short, although perhaps ¢ryptic,.1ist:V

1. ‘Ahbiguous definition.of Qytput‘and capaéity .
an]inear éosts |

Variable coefficients of prbduction-

. Shifting peak

. Choosing time and duration of periods. .

. Uncertainty

N [} [& 7 IR - w N

Binding profit constraint
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The first item is not'diffiéu]t.to dea1'with,a?though‘it daes need to
be underétood and did generate a certain COntroversy'in the literature
(Steiner 1957, 1958; Hirshliefer, 1958; Williamson, 1966, 1974: Wilson,
1972. The papers by Steinew and Williamson are also classic é§r1y
.formuiatidns.Of the peak-1oad pricing problem as is Boiteux, 1960.)

f¥ a]]Aperiods inAthe cycle are of equal length there are natural
'interbretat;ons of output, demand, and capacity: output is output over
the entire period and capacity is the maximum amount of output that

can be produced in any one period. Similarly demand ié well-defined as
the demand for total output in period j at whatever prices are prevail-

ing. If; however, periods are of different length the symbols must

be,interpreted with care. For example, if one period were 4 hours

and another were 8 hours, we could no Tonger refer to a single "capacity".

Presumably, capacity in the longer period would be greater. Similarly, |
demands ovér the tw§ peridds-are not directly comparab]e.’ The way
we.have derived the optimal pricing results, market demands do not
appear. Williamson (1966) used an approach based on maximizatjoﬁ of

an expressibn corresponding to (5) rather than to (3) so that demand
functioné do enter directly. To deal with the problem of non-equal
pefiods, he defined demand in period j as the demand that would be
forthcoming over the entire cycle at price pj, if demand were always

as it was in perjod j. He then weighted each demand function by the
proportion of the cycle of which it applied. This yields an objective

function as follows.




‘II‘_S
lI _

1
1

W=

i3

]fpj(xj)fwj dxj - c(xxj)

J

 where Wy is the'broportion of period j in the total. ‘The derivation used

here avoids most of the confusion by. working with utility rather than demand

functions. -

At a more conceptual level, there is a difficulty in defining the output

of a te]ephone company. - Number of.calls,.numbef of minutes, distance, nature -

of'ca11, and -amount and type of access are all relevant parts of "output".
Also, quality is service is important.. .. These qualifications apply

with'equal'fdrce to the definition of capacity.

The second issue is nonlinear costs. Generalizing the model to

nonlinear costs chahges nothing. 'Pressman.(1970)jhas a very useful:

.'formu1atioh of the peakflqad pricing,problem'inciuding_nOnlinéar costs.

We can rewrite (6) as

o U= e (o) 2
Max w,j zgi(xi,xi)
s o] 2
Subject to x° < k, X7 < k.

2

Substituting*zui(xl,xi = B(x},xz)-and.aSSumingwx] = k and %2 <k

yields the Lagrangian

T R A SR L)
e
3L/ax: = py = 3c/ax’ -A'=0
3L/ax? = p? - ac/ax’ = 0

aL/ak = - 3c/3k + A =0

ac/ax.l + ac/ak

ac/axz

Therefore P

i

P
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" This is exactly the result we had before except that marginal coéts

can vary. ac/ax1

and ac/axz are marginal operating costs and 3c/oak
is marginal capacity cost. With nonlinear costs; however, the'deterQ

‘miniation of optima]ycapacity becomes more difficult because margﬁna]
costs become endogeneous. Estimating optimal capacity is obviously

a very important problem. Also, additional capacity improves the
quality of service. This is not something that has been analyzed

in the theoretical literature on peak load pricing.

The third issue, variable coefficients of production,concerns a

i~ o 7
-E E . I

‘substantive issue. Most of the Titerature on peak-load pricing implicity

assumes a fixed proportions techno]ogy. Basically, there is only one

way'to produce telephone calls so the cost of capacity is well-defined

and similarly, operating costs are also uniqueiy defined. More generally, .
however, there may be different types of capacity with different costs.

One couid imagine that telephone services could be produced in a very
capital intensive way, using computers and very 1ittle labour, or in

a more labour fintensive way. The former method would involve high

capacity costs and Tow operating costs while the Tatter might involve

Tower capacity costs and higher operating costs. Furthermore; a

firm could possibly mix diffefent types of capacity. In electricity
generation this issue is of conéiderab]e importance, in telephone-

pricing it is less important.

A general treatment of peak-]bad pricing with variable proportions
is Panzar (1976). Related papers, in which a few different fixed
proportions technologies are available, are Crew and Kleindorfer

(1976), Wenders (1976), and Turvey (1968).



el

Panzar assumes what he refers to as a "neoclassical® production. -

function: output in any period is a function of capital, which cannot. ...

be altered in the short run, and variable inputs: x,. = xj(Lj,k) where~

J
Lj is a vector of variable inputs'used,in:period~j, and. k represent;.
fixed capital. The "neoclassical" feature of this production*ﬁantiqn
15 that it is assumed to be continuous1y-diffe;entiab1e With.respect
to a1T.inﬁuts. The maximum capacity for any peribd depends on k and

is reached when the marginal products of‘the“variab1e‘factor5 are

driven to zero.

It is fairly clear that because marginal products of variable

factors»approach zero continuously, it will never be optimal_to run:

-the system- at capacity. It on1y_pays to. increase output up to thév_

' point where the value of the‘margina1_product“f0r~each'variablerfactor'

is just-equal to the cost of that factor. This must occur before

capacity is-reached.

The standard,formulation of‘peak~1oad-pr1cing imp]icitjy assumes
that marginal proddcts remain ﬁonstant but drop discontinﬁbusTy to
zero.at capacify output. This discontinuity in the marginal product
functions makes corner solutions (i;e{'produCtion at capacity)‘desifab1e.
Normally the -implicit productién”Functibn_is.Of the fixed: proportions

type. There may be 100 units of'capita1.. Each call requires a certain

' amount of energy and labour and uses a_certain portion of the capital.
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Thus the marginal product of Tabour and energy are constant until

capacity is reached.

Panzar's second striking result is that users in all periods'
should contribute towards capacity costs, rather than just peak
period users. This depends critically on short-run decreasing
returns to scale. It is reasonab]e to suppose that, holding capital
fixed,‘returns to scale in the variable factors will be decréasing
over mbst output ranges. It is possible, however, that for périods
of very Tow demand short run returns to scale would be constant or
even incfeasing, which would imply that contributions of users in

these periods should be equal to or below marginal operating costs.

Panzar does derive a peak-load result in the traditional
spirit. Specifically, periods with higher output rates should have
higher prices than periods with lower output rates, and users in
higher output periods make a greater contribution above marginal

costs than do users in peridds of lower output.

Wenders (1976) and Crew and Kleindorfer (1976) have results
in a similar vein, but which are less extreme due to the less extreme
characterization of production in their mode1s. The implication of
this work which recognizes that different production techniques are
possible is that loading all capacity costs on peak period users is
excessive. It makes sense to charge of range of prices over the

different periods according to the strength of demand in each period
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instead of using the stark two-price regime‘imp11ed'by earlier work,"‘

and which regulators have found unpalatable in any case.

Putting this variable coefficient problem aside, the next
prob1em.to consider is the possibility of a sﬁifting-peak.' As sug-
gested by the-name, a shifting peak occurs when the imposition‘of peak
ioad prites~causes the peak period to change. One would 1maginé that -

a shifting peak is very likely if marginal capacity cost is very

| high while margina] operating cost,is-comparativélyx1ow_~ If, at equal

pricés; the peak period has only slightly higher demand than . some

other period, it seems quite plausible that the 1mpositioh_of-the full

marginal'capacity cost on that one period wou1disuppress demand enough

'so that another period would emerge as the peak.

- So far we have made the assumption that the*peqk period remains .

fixed, in order to present the basic insight as C]ear1y as possible.

-H0wever, the shifting peak does not cause any théoretica] prob]em.

-The solution is that cépacity costs should be borne by users in

different'periods. This is.a second reason that the entire capacity

cost should not be borne by users from just one period.

The‘opﬁimal-prices»cén be chéracferized quite.easi1y in.a .
s]ightiy mod%fied;version-Of»the»mode1 we have beén‘using,».lh
the case of the shifting péak the’so1ut10n-inVoTves having consUmp—'
tion up to capacfty in more than one period. Assuming there are’
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'just_two periods, the regulator's problem is

Maximize B(x1,x2) - c(x1,x2, k)

subject to k = X1 k = x2

where B is a consumer beﬁefit function and ¢ is a cost function depend-
~ing-on capacify k and usage in each period. The associated Lagrangian

function is

L = B(x1,x2) - c(x],xz,k) + A][k =~ Xq1 + Az[k—xz]

which yields the following solutions
Py = ac/ax1 M

Py = ac/ax2 + A?

ac/ ok = A] + AZ

The partial deriyativés ac/ax] and ac/ax2 reflect marginal operat-

ing coéts in each period. Ay and A, aré both positiye'and, when

added together, equal margina]vcapacity cost. Thus users in both peri-
ods should contribute towafd capacity cdst. A] and AZ are differeﬁf,
however. Efficienqy.requires that price equate supply and demand in
each period. Since quantity éonsumed is the same in each period, the
period with stronger demand must have a higher price. If marginal
operating costs are the same in each period, then the period with
stronger demand must have a higher A and must contribute more toward

capacity costs than the other periods.

I

-
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"~ This ObserVation that diffekent.prices_should‘be charged even

"~ when capacity is reached'in each of two periods led Steiner to refer:

to this éase,srather misleadingly, as an example of price'diéCrimination.

We tend to. think of price discrimination as‘occufing when différéht

consumers are charged different prices even though marginal cost“iS- .

the same for both. In this case, the full marginé] ébsf is different

in the two periods because,.given capacity, 1f 1nc1udes a scarcity cost
(equa1.to’A) that differs between the two periods. Essentially, if

a user”infone.perjod 1s to consume more, another consumer in that

‘period must consume less. The full marginal cost is the value to.

fhis othér consumer, which is higher in the,pefipd.of'strongér'demand;

It is clear that additional periods, each of which may or may .

not share the peak, can be added to' this mode]:with no extra compli-

. cations. A well-explained accoUntle‘the‘Shifting°peak'probTem is

“Kahn (1970).

.-Iﬁ'almost all of .the 1itérature-on peak-Toad priéing it is
imp]icif]y assuméd that the nUmBer_and duration of the.pekiqu is
exogenous]y given or obvious from'fhe nature of the problem. In
acfuai'app]icatidn, however, the structure ijfhe periodékmust:bef 
detgrminéd;. Should the day_(5r week) be~br9keh71npo two, thfee,«four '

or more periods for peak load pricing, énd.how Tong should each-

_period be.. In the case of telephone service, it seems that there
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is a natural beak‘corfesponding to business hours, a natufal‘inﬁer—
mediate period in the evening, and a natural off-peak at night."Even
in the case of telephone service, however, it is not clear where the
boundaries_shou1d be drawn. Furthermore, even within these “"natural"

periods, demand varies systematically. (There is an obvious 1ull,.

for example,during the lunch period.) In fact, there is a continuously

varying pattern ofAdemand over the day, week, and year.

Unfortunately, systematic theoretical analysis of this aspect
of the peak-load prob]em:is rather difficult. Craven (1971) examines
a'version'of the problem in Which demand at every instant depenas on
prices at that instant but iélindependent of the rest of the price
profile. However, substitution across periods seems 1ikely to be
the most important feature of this problem of dividing the cycle
into peridds. One would expect that the costs of monitering by the
telephone company and of information processing by consumers would
make very complicated systems undesirable. Probably the efficient

way to solve the problem for any particular case would be by simul-

ation, using whatever information about demand -and cost was available.

If 2, 3 and 4 period per day regimes were compared for a variety of
plausible boundaries,>one could be fairly confident of selecting a
reasonable periodic structure. Such a simulation exercise would not

be trival, because simultaneous selection of periods and prices would

be required.
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Another 1mp11c1t assumpt1on made so far and made:in the early

]1terature is that demand in each per1od is a deterministic- funct1on
of pr1ces. In-pract1se, of course, demand has a strongly stochastic

~ character, so that the telephone company and‘regu]ator cannot know .

with certainty what demand will be forthcoming~on‘any panticu]ar time

at any-particu1ar price. This uncertainty itself affects the pricing;

Vprob]em. In-addition, it implies that demand will sometimes exceed

capacity, in which case there‘must‘be some method of rationingacon-f

sumption among demanders.

 Brown and,Johnson (1969), Carlton.(1977) and Visscher (1974) all

consideh the problem of setting a'sing]e price when demand varies

| stochastical]ytover a cycle. A]though‘this work-does‘not_dihect]y

concern peak-load pricing, it raises some relevant issues. First.

of all, it‘shows that'optimaT'pricingfprescrtptions-are sensitive

" to the method of rationing. If there were no transactions costs -

one:wou]d‘expect that. the commodity would be rationed to consumers
who va]uednﬁt most highly. A consumer w1th Tow w1111ngness to pay :

would always sell to a consumer. w1th h1gher w1111ngness to pay.

This seems absurd for local - te1ephone service. The best assumpt1on

is that, shou]d demand exceed capac1ty, consumpt1on is a]]ocated

' randomly. Unfortunate]y, the one paper that treats peak- -1oad pr1c1ng

when demand is both cyclical and uncertain (Crew and K]e1ndorfer,

'1976) assumes that, under rationing, consumption is allocated to

“users.with the greatest willingness to- pay.
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Nevertheless, a few general statements about the effect of

uncertainty can be made. First of all, the basic motive for peak-

load pricing remains. Also, with demand uncertainty, optimal capacity -

tends to be greater than with certainty. Peak prices tend to be lower
under uncertainty, whi]e_off—peak prices may be either lower or higher.
The basic idea is that price should be set equal to expected costs. In
the'peak period there is some chance that capacity will not be reached
so the price is a weighted average of marginal capacity cost + marginal
~operating cost and marginal operating cost By itself. There must be
less than the peak price in the deterministic case which'is just

marginal capacity cost + marginal operating cost.

Consideration of demand uncertainty shows that optimal pricing
is related to optimal reliability of the telephone system. Reliability
Ais often tthght of as a separate issue, howevetr, and in the case of
local telephone service (but not long distance), the objective of
achievjng near 100% reliability seems to be fegarded as an independent
objective. Very high levels of reliability would be appropriate.if
marginal capacity costs were Tow compared to the willingness to pay
of consumers who were unable to complete telephone calls under'
rationing. Since Sdme calls are of great value (emergency calls to
ambulance sekvices, etc.), a b1ausib1e case for very high levels of

reliability might be made in the case of telephone service.

The final issue cbncerning our simple characterization of the
peak.1oad pricing problem is the possibility of a minimum profit
constraint. - Ordinary peak-load pricing, in which prices are set equal
to the appropriate marginal cost, will not necessarily generate
' enough revenue to cover total cost. For example, if the cost
function js ¢ = F + bx] + bxz + gk then pure peak load pricing

(p1 =b + p, p2 = b if period 1 is the peak period), will involve a
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- Toss equal to F. Generally, whenever there are large fixed costs, .

“marginal cost pricing is un1ike1y'to»cover'costs.

The marginal cost pricing doctrine, even extended to peak-load
pricing, imp]fes, therefore, that subsidization of telephone companies

might be necessary. For various reasons this is unacceptable. One

“argument. has a]ready been ment1oned if consumers'do not pay the

full cost of the goods and services that they cohsume then there;is
a transfer from soc1ety at Targe to these consumers. In addition,
1f a pubTic utility has access. to genera] revenue 1t has T1tt1e
1ncent1ve to produce eff1c1ent1y | There are of course prob]ems w1thi
rate of return regulation, but at least there 1s some d1sc1p11ne

1mposed on the utility' s mahagers.

The_peak—1dad~prob]em with a profit constraint is taken up in

Mdhring-(mo)- and Pressman (1970).  Also, the peak-load

. prob]em can be regarded as a spec1a1 case of the nu1t1 product

problem examined by Baumol and Bradford (1970) - In this prob]em

~ the ‘possibility that demand,in’eaeh period.dependsjon prices in

all periods becomes important. Without a binding profit'COnstraintA

~ this demand interdependence has no effecteon,the’optima} prieing«
rules so it has not‘been.dichssed«so’far;f~In~£he_prqfit-constrained_

.case,.hOWever, demand interdependence does complicate the results.

',We~5tart-with the case.ofﬂdemand~independence; The -

~ problem is to maximize W = B(x],xz) - c(x],xz,k)~subject‘to a capacity

-



- 27 =~

© constraint: x] = k and a pfofit constraint R(x],xz) - c(x],xz,k).i o
where R is revenue and ™ is the profit target. The Lagrangian function
is

2) 1.2 2.2 2

L+ B(x],x - c(x ,x7,k) + Afk - xj] + u[p]xj + p°x~ - c(x],x k) - iy

The first order conditions are

p] - mey - ac/ak +'u[P] + x]dp]/dx] - mey - ac/ak]l = 0

2

Dz - mcz + u[P2»+ X dpz/dx2 - mc,] =0

where mc. = ac/axi for i = 1,2. Letting n' = -'(p1dxi/dp1)/x1, which
is the elasticity of demahd for use of telephone service in period 1,

the fo]]owing'resu1ts are obtained:

Pl

Yl(mc1 + 3c/o9k)

2 Y2(

1

p mcz)

VmNeYi%(14uVU_+u+uhHY

Provided the profit constraint and capacity constraint are both binding,
0> yu>-1and Y1i> 1, so both periods pay a price above the associated

marginal cost, even the off-peak period. The more inelastic demand

is (i.e. the smaller n'

is), the higher the mark up over marginal cost
- for that period. It is even possible, if demand in the peak period
were very elastic while demand in the off-peak period were very inelastic, -

that the optimal off-peak price could be higher than the optimal peak

price..
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Incorporating interpendent demands makes the expressionérfor_prices_

more complicated. In particular, each price debends not only on own

demandie]astjcities but also on cross elasticities of demand and the

elasticity for the other period as well. Provided that telephone

~calls in one period are a substitute for telephone calls in the other,

both prices will be greater than.the associatéd.mérginal cost.-

This concludes our survéy of peak 1oad-priciﬁg. Clearly there
are many.conéiderations involved in desfgnihg‘ah'appropriate*peakA
load schedule. Nevértheless, thé~main insight remains imﬁoktaht:i'
pfices in each period should bersystematica1ly.re]ated to marg%na]“ﬂ
cost in that period. Suéh a pricing system would encourage efficient
use of the telephone éystem. Actua11y estimating the benefits of.

a change to peak ‘load pricing, so ﬁhat they ‘could be. compared with

the costs of implementation, is not-1ikely to be easy. Even in.a

“static context, demand and cost functions must be estimated. The

gfeater problem, however, is dynamic. ‘Becausé~bf tééhno]ogical

development the patterh of teléphone use is chahging rapidly so-thét
estﬁmates based.on historical, or even current,~data‘are ndt Tikely
to be very accurate bredictors Qf future benefits. They are likely,
however, to'underestimate future benefits, spisﬁch.estimates WOu1d_ 

be of some.use.
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: 5. Nonlinear Pricing

So far we have assumed that telephone service would bevprovided at
a price“that did not vary with quanfity. Total outlay, R, would just
be price times quantity, R = px: outlay is a linear function of quantjty.
However, the complication that a telephone company might faée é bind-
'ing minimum profit consfraint gives rise to the possibility that more

flexible pricing tools should be used.

" In general, prices may vary with quantity so that outlay is a non-
linear function of quantity: R = p(x)x. The resulting brice system
is referred to as “nonlinear pricing”, "nonuniform pricing", or "quantity-

dependent pricing“,

The simplest case is that of the two part tariff. A two part.
tariff fnvo1ves charging each éonsumer an access or entry fee, A;
and a constant usage price, p, per unit consumed. The outlay schedule

is, therefore
0ifx=20
R(x) =
A+ pxif x>0

See figure 2a.

A flat rate schedule is a special case of the two part tariff
in which. the usage price is set equal to zero; the consumer pays an
entry fee for the right to consume an uniimited amount. Thus local

telephone service has a flat rate schedule.
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Insteéad of offering each consumer a single tonpart,tariff'a £e1e§hone
company may adopt the more éophisticated strategy of offering a choice
between different two part tariffs. Two tariffs, (A;.p;) and (A,.p,),
might be offered with Ay < A2 and é] > po- (See figure 2c.) Which
;chedugg is preferred by the consumer depends on his level of consumption.
In effect the true outlay schedule is the Tower envelope of the two outlay

schedules in figure 2c:
R(x) = min {A] *pyxs Az + pzx}

In génera] a nonlinear pricing structure could be guite complex: outlay
schedules need contain no linear segments at all. The general form of
a nonlinear 6ut1ay schedule is

0if x =0

R(x) =
A + p(x)-x if x >0

_Higher values of A combined with negative values of p'(x) imply

volume discounts.

Discussions of the literature of two part pricing and nonlinear
pricing usually begin with Gabor (1956) and 0i (1971). Early advocates |
of two bart pricing were Coase (1946) and Lewis (1941). Feldstein (1972)
considers mixing equity and efficiency objectives and Ng and Wefssér
(]974)'characterize optimal budget-constrained two part tariffs. Panzar
(1978) and Fau1habér and Panzar (1977) consider opt%ma] (or self-selected)
two part tariffs. The general nonlinear problem is taken up by Goldman,
Leland and Sibley (1977), Spence (1977, 1980), Willig (1978), Roberts
(1979), and Mirman and Sibiey (1980).
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Before descr1b1ng the character of opt1ma1 two part or general non- .

‘Tinear tar1ffs there are two pract1ca1 conditions that must be sat1sf1ed
:F1rst the prices must be such that consumers are not 1nduced to resell

. 'the commod1ty This is not 11ke1y to be a>ser1ous problem for telephone

serv1ce s1nce relying on another consumer's ‘telephone is rather awkward

~The second cond1t1on, however, is a serious cons1derat1on for te]ephone

use. Spec1f1ca11y, the total quantity used by each consumer must be
measurab]e at relatively low cost. Measuring equ1pment hds a 1arge fixed

cost component for every exchange wh1ch suggests that usage sens1t1ve

. pricing might not be appropriate for_sma]] exchanges.

Optimal Two Part Tariffs

The simplest nonlinear structure is the two part tariff, ‘and two
part tar1ffs are a]ready widely used by te]ephone compan1es in Europe J
and the.Un1ted States. The‘bas1c:prob1em is that pure marginal cost

pricing does not cover costs. However, the consumpt1on levels chosen

4under marg1na1 cost pricing are the soc1a11y efficient 1eve]s of con- .

sumption. If there were just one consumer (or many-very s1m11ar-con—

sumers)fa two part tariff could achieve the "first best" so]ution.: The .

_usage price,-p, would be set equal to_marginal.cost.and an access charge

. less than the consumen sdrp]ussassociated wfth-price P wou1d be'charged

to coverithe'resu1ting deficit. Th1s is c1ear1y super1or to the un1form_ '

pr1c1ng case in wh1ch price ‘must be set equa] to average cost
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The problem with two part tariff§ is thét consumers differ éubstant1a11y
so that, at any access fee - price combination there are some consumers
just at the margin who will stop consuming if the access fee (or price)
- is raised. Any positive access charge will exclude some consumers whose
consumpfion is socially desirable. On the other hand, prices above
marginal cost induce every congumer to consume less than the socially
deéiréb]e quantity. The optimum two part tariff generally involves a

mix of these two distortions.

Before setting out a formal statement of the two part pricing
problem one éspect of telephone pricing should be mentioned. From the
prodUCtion point of view provision of access (i.e. a telephone line and
phone) is essentially a different good from additional phone calls given
that the phone and 11ne'are in place. Thus the month]y access charge
reflects both the cost of access and the access fee part of a two part
tariff on phone usage. Even a pure marginal cost solution would then
involve a positive access charge equal to the (monthly) marginal cost '
of access and a positive usage price equal to the marginal cost of

additional phoné calls. In-addition, any once and for all marginal

connection costs would be recovered by a once and for all connection charge.

The pure two part tariff case is the case in which there is no
(monthly) access cost, just a pure once and for all connecfion cost
and a marginal usage cost. If access really is a separate good (on a
month by month basis) from usage then the optimal pricing problem becomes

a multi-product pricing problem. Mu]ti—proddct pricing is discussed later.
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A formal two paft tariff model based on Faulhaber and Panzar (1977)
follows. Consumers are assumed.to vary in their>tastes and are indexed

by a continuous variable, ¢ which is the "taste" parameter. A cohshmer

- of type & has utility function: U = u(x,8) + y. Faced with a two part

tariff (A,p) the consumer will choose his level of consumption so as

to maximize U subject to his budget constraint:
A+ px+yx=<lI

As before, the consumer's solution invo]ves'setting the marginal utility

of telephone use equal to the price: MUx = p." We define the consumers

gross surplus S as u(x,s) - px.j.Thus; provided S. > A the‘cbnsumer;wi11_

choose to purchase telephone service:
. 0 if S{p,8) <A .
X(A,p,9)= » )
x(0,p,8) if S(p,8) > A.
If'S > A then the consumer gets some net benefit from te]ephone;USE}
le define the margihal consumer type 8 as the cohsumer type for whom -

S = A. This defines 8 by the_equafiqn S(p,é) = A. wé assume that e

" ranks consumers according'to'their "taste" for X:so thatli)"at each

p a hfgher SHCOrresponds to a higher level of consumption and i)

Y

the marginal consumer type, 6, is unique.

For convenience the variable 6 is scaled so that 6 is distributed

over the interval [0,1] according to density_functﬁoh m(8). Total

- benefit .to consumers is then

B(A.p) = rM(S(p,6) - A)n(8)ds
- 6
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Let N equal the total number of consumers consuming telephone service.

Then profit of the telephone company is
m = A-N(A,p) + p-X(A,p) - c(X(A,p))

and the objective of the regulator is to maximize B + w subject to = > =¥,

the minimum required profit. The Lagrangian function is
= B(A,p) + (1 + A)u(A,p)

which gives rise to first order conditions

i
O

(1 + A)[p - c')XA + ANA] + AN =

1]

(1 + A)[(p - c')Xp + ANp] +AX =0

Unfortunate]y,'so]ving these first order conditions for p and A
requires knowledge of the derivatives XA’ NA’ Xp and Np (or equivalently,
the elasticities of usage and number of consumers with respect to both

the access fee and usage price) at the optimum.
The following general statements can be made about the so1ﬁtion:,

1) welfare with a two part tariff is strictly greater than
with either a uniform price or a flat rate.
2) the optimal price exceeds marginal cost and the optimal

access charge is positive.

Both of these statements are sensitive to the assumption that it is

possible to rank consumers monotonically according to their téste:for
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X regardless of P(i.e.,}that demand curQe do not cross.)

To Summafize, the basic idea is that the optimal two. part tariff

-involvés'trading off two distortions: »high access charges drive out

socially desirable consumers while high priceé:cauSe’a11 consumers -to
consume too 1ittle. The information required to set an optimal two

part tariff is disturbingly detailed. Furthermore, one suspects that

. the gain in going from usage charges edua1.to marginal costs. (with access

>char965.to cover the deficit) to optimal two part tariffs is rather

small.

Optimal (Self-Selected) Two Part Tariffs

Several U.S. telephone companiesAhave allowed consumers to select.

~which of two or three two part tariffs to be billed under. One of
‘the:Options is generally a flat rate tariff. -These optional schemes
- are very useful in helping to overcome consumer reSistance to measured

service. In addition, optional two part tariffs can generate paréto

improvements over pure flat rate schemes. That is, large consumers,

small consumers and telephone company can all be made better pff-by

"1ﬁstitut1ng optibna] two parts 5n*p1acé of a siné]e flat rate syétem.
» ThéVbas¥t?insﬁght is rather simple (see Panzar; 1978). Consider a

. set of optional two part tariffs which‘inc1udes the original flat

rate system as an option. Consumers will choose a measured system
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(with usagé price above zéro) only if by doing so they become better

off. Those who do choose a measured system (with a usage price close

to marginal cost) will be induced to consume more efficiently. That

is; each will consume Tess than before: only up to the point at Which

the marginal benefit equals thevusage price. The improvement in efficiency

also allows the telephone company to gain.

Despife this rather pleasant result, optional tariffs which include
the original flat rate system as an option are not 1ikely to have a large
effecf on overall efficiency. Very Targe users will continue to select
the f1at’rate.and place burdens on the system. If Tocal service is
to 'generate larger revenues, some of that revenue shpu]d come from

. high volume users. For this reason many economists regard pareto-improving
optional two part tariffs that retain attractive flat rate options as only

a minor improvement over existing flat rate schemes.

One variation on optional two part tariffs is ex post pricing. (Danbsy

and ﬁanzar, 1981). Consumers often don't know in advance which of ‘two

or more optional two part tariffs would be better for them ex post.
In addition, many consumers have a sufficiently variable calling

pattern that the begt tariff for one month is not necessarily the
best tariff for all ﬁonths. Therefore consumers will be willing to
pay a premium to be able to have the tariff that is revealed to be
lTeast cost at the end each month appiied to their usage. Such a
system can be welfare-improving and may reduce general consumer

resistance to measured service. Effectively, the premium can be
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thought of as an insurance premium paid to reduce the variance of

monthly payments.

As'mentioned, two part tariffs are a special case of nonlinear N
pricing.: For that matter, optional two part tariffs are equivalent
to a sing1e'mofe Qenera1~noniineab pricing system. In principie the.
efficiency gains from using arbitfary non]ineaf pricing.schedules

are greater than from using simple two part. tariffs> A]so, some

industries do use mu1t1 part or b1ock tar1ffs wh1ch are more’ soph1s-
't1cated examp]es of non11near pricing structures However, for 1oca]~

telephone service, it is questionable whether~more_genera1 nonlinear -

pricinQ-structures-wou]d generate much ecOnomic‘benefit' In any

case, re]at1ve1y 11tt]e attention has been paid to the poss1b111ty

'of us1ng pricing structures more soph1st1cated than two -part tar1ffs

6. Mu]ti—prbduct Pricing, Pricé Discrimination»and Cross Subsidization

Mu]ti-product pficing and price discrimination are Conceptua11y

d1fferent issues; however they are forma]]y very s1m1]ar and’ both

giverise to problems with cross-subsidization. There are two reasons

why opt1ma] mu1t1-product pr1c1ng is re]evant for local telephone

servxce._ First of all, local te]ephone serv1ce 1s on]y one of several

sérvfces provided by telephone compan1es, the other 1mportant serv1ce

being 1oﬁg,distancerservice. Secondly, Tocal te]ephone'ifse]f is

probably most accurately regarded, at 1ea$t.from thé.prodUCtion side, .

- two products: access and usage. (There‘isAaJSO‘a'third product: the -

‘ ~te1ephoné{itsé1f.)
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If there is no binding profit constraint the multi-product aspect -

of telephone service does not affect the optimality of marginal cost
pricing. However, if there is a binding profit constraint a new
insight emerges: the markups over marginal cost for each product
should be related to the own and cross price elasticities of deman&.
Specifica]1y,’high markups shoﬁ]d be associated with low elasticities.
This idéa was first developed by Ramsey (1927) in the context of |
optimal taxation. Optimal pricing formulations of the idea are as-

sociated with Boiteux (1956) and Baumol and Bradford (1970).

Thelbasic problem is set up below. We assume that each product
is to have a uniform prfce, although in principle nonlinear priéing~
couid be incorporated in the same problem (see Spence (1980) and
Mirman and Sibley (1980)). As before the problem is to maximize the
sum of producer and consumer surplus subject to the profit constraint:

Max B(x) - C(x) subject to R(x) - C(x) > =*

where x = (x],...,xm) and R = revenue.
The Lagrangian isL= B(x) - C{x) + A[R(x) - C(x)] from which the first
order conditions are obtained: '
ka = 8B/ax; - aC/ax; + A[_a_R/ax1. - aC/axi] = 0
As before 3B/ax; =~p1. 5C/ax; and R/ox; are denoted MC, and MR,
(for marginal cost and marginal revenue) respectively. Thus the first

order condition can be written:
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P; - MC. = A(MC - MR.)

1In the case 1n which cross elasticities of demand are Zero MR = -

p + X, dp /dx so the condition can be rewr1tten

| s - - |
_(Pi - MC;)/p; = Tii‘ei . o - (7)

o dxg p,‘ ) _ }

where*gi =3 dp x , the own elasticity of demand This is the so-

called "Ramsey rule". If cross e]asticities are important.the markup

expression is somewhat more complicated.

In fhis case X; is 1nterpreted as the output of- product i. However,

the same’ ana1ys1s app11es to pr1ce d1scr1m1nat1on for a s1ng1e product

dPr1ce d1scr1m1nat1on is def1ned as charg1ng d1fferent pr1ces to different

groups of consumers of the same product desp1te equa] marg1na1 costs.

If we:1nterpret X; as consumption by group 1gand;xj as consumption of

~the same product by group j then the resulting optimal price discrimination

formula is derived.exactlyassaboVe.'One differencefis that cross~e1a$ticities
mustfbe zero in the price discrimination case so that formula (7) applies

generally.

The price discrimination result is due to Hartwick (1978). For

telephone .companies the important type of discriminationﬁis,between'

busineSs.users and residential consumers. - Also, it is possible to
consider offering different. two part tariffs to different groups of
users. An analysis of optimalvdiscriminating two part tariffs for

business and residential customers is .Brander and- Spencer (1981).




- 40 -

The objective of Ramsey optimal multi-product pricing and Ramsey
optimal price discrimination is to maximize surplus subject to the profit
constraint.. This objective is agnostic to pure transfers of income

between consumers. Thus large transfers can easily be implied in order

to achieve small efficiency'gains so that cross-subsidization is possible.

Under Ramsey optimal pricing some groups of consumers, or consumers of

a particular product, may subsidize other consumers.

- Ramsey pricihg is related to the ”va1ue~6f~5erv1cef concept hsed
by telephone companies in setting rates. Specifically if some gr0up§
have a High "value of service" they are likely to have low elasticities
of demand, and Ramsey optimal pricing will involve re1ative1y high mark-
ups ovef marginal cost for these groups. Telephone companies have used

the value of service concept to justify charging high rates to business

users for local service.

Telephone companies also subsidize local service from long distance
service. This appears to have little or no justification from a Ramsey
optimal or value of service perspective. Ihstead, it is a result of .

trying to achieve universal service by charging low rates for access.

~Many people find it hard to justify cross-subsidization on equity
grounds. Why should users with low elasticities subsidize users
with high elasticities. Consequently it has been suggested that pric-

ing be constrained to be "subsidy-free" in the following sense:
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anh consuming group should pay no less than the incremental cost
of its service and-no more than the stand-alone cost of its Service.A

1""’Xn) - Cﬁx],...xi_T,O,x

0,...,0).

and the stand-alone cost of x; is C(O,.;.,O,xi,

. Under this approach price discrimination and multi-product pricing would"

satisfy the so-called "“anonymous eduity" criterion. (See Faulhaber (1975,

1979) and Willig (1979) on these and related matters.)

Cross subsidization.is re]atedvto sustainability problems. The

“situations in which cross-subsidization is large are precisely the cases

in which nonregulated firms are likely .to find it profitable to enter

~ the industry and compete with the regulated firm. Such competﬁt10n~is

not allowed in Canada,vbut in the'U.S.‘this has become a serious problem.
Privgte companies can~offérklong distance service more cheaply than the
teTebhone companies who'use Tong distance sef?ice to subsidiie 16cé]
servive. 'de papers on sustainability are Baumol, Bailey and‘wi11ig

(1977) and Panzar and Willig (1977).

Ramsey optimal pricing would involve usage sensitive prices for
Tocal service. Also, if it is decided that the large subsidy from- -

Tong distance service to local service is undesirable, usage sensitive

" prices are the obvious tool to reduce the subsidy.

TS ERRR
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7. Other Issues |

i) Consumption Externalities

The.main issues in optimal pricing have been addressed. However there
are some other concerns which should be mentioned. One issue that is
often mentioned in connection with telephone service is consumption
externalities. The basic point is that when a new subscriber joins
the telephone system he confers benefits on all other users because they
now have-the option of phoning him. Thus any subscriber does not capture
the full benefits of his joining. If his private benefits are less
than the marginal cost of access but total benefits exceed the marginal
cost of access, then marginal cost pricing will stop him from joining
even: though it is socially desirable that he do so. (See Littlechild

(1975) for a theoretical treatment of this point.)

This consumption externality is often used as a justification
for subsidizing access charges. This conéumption externality is
undoubtedly important when telephone penetration is Tow. The externality,
if left unadeStgd for, would keep penetration or total access too Tow -
by the criterion of social efficiency. When penetration is as.high as
it is in Canada, however, the externality problem ceases to be an impor-
tant source of inefficiency. Indeed the pursuit of "universal access"

as an explicit objective can be regarded as a solution to the externality’

problem.

In the unconstrained case, the specific solution to the externality

problem would be to charge an access fee equal to the marginal cost of

|
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access minus the benefit to existing.consumeﬁs from having ohe more.
subscriber in the system. Even with a prof1t constraint, the opt1ma1 .

access fee -would be relatively low if consumpt1on externa11t1es were

important. To generate the required revenue, usage-pr1ees or pr1ces

of other services would have to be raised.
if)..The Averch-Johnson Effect

'So.far we have examined the optimal pricing problem from the

- point of view of the regulator. However, actual prices are not set.

by'regulators, but are proposed by the regulated firms and gither

- approved by the regulator or renegotiated. Regu]at1on may take the

form of 1nsur1ng that the regu]ated firm not earn more than an appro-

priate rate of return on capital. Under such c1rcumstances prof1t maxi-
mizing‘firms will have a tendancy to use "too much" capital and con-

sequently not produce at minimum cost. This.1sgknown'asrthe'AVerch-

- Johnson-effect and was first analysed by Averch and Johnson (1962)
" (See. a]so Baumol and Klevorick (1970) and Ba11ey (1973).) |

This.point is tangential to a survey.bf optima1 pricing; Never;
theless, one point'should be made.. Giving regulated firmS;Qreater:f1ex-
ibility'te use two part, multi-part ob_genera1 non11qear;pricing'systems
tendé_to ihcrease.the Averch-Johnsoh distortion. . Tneapy-case"every*
discussien of optimal pricing should contain a reminder thet regulated

firms do not have any particulér incentive to pursue-general efficiency
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or equity goals. Economists genefa]1y assume that they will maximize
profits. Consequently, giving regulated firms greater flexibility is

not as benign as it might seem.

This problem of incentives is difficult and there is some interesting
recent work that focusses on setting up the regulatory environment in such
a way that profit maximizing behaviour by firms Teads them to charge .
'optima1 prices from a welfare point of view. Vogelsang and Finsinger
(1979) suggest such a regulatory scheme for a multi product firm. The
basic jdea is that the regulator insists that the firm meet a11.demand
forthcoming at whatever prices the firm charges and that following each
period of positive profit prices be constrained so that, if such prices
had been charged last period, no excess profits would have been generated.
An adjustment is made if profit in the previous period was negative. Subject.

to these constraints the firm is allowed to charge whatever prices it likes.

Interestingly, this algorithm improves welfare every period and approach-
es a Ramsey optimal pricing structure. However the V-T algorithm has
some weaknesses. Specifica11§, it is static in the sense that it assumes
that that exogenous conditions such as tastes and technology do not vary
from period to period. Secondly, it can involve large losses for the
firm in some periods. Warskett and de Fontenay (1981) suggest a similar
algorithm which does not have this second drawbaék and which, they
argue, is likely to be capable of modification so as to perform we11
in a dynam{c environment. Both the V-F and W-F algorithms impose

weak information requirements on the regulator; unfortunately they
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impose rather strong information requirements on the regulated firms.

Furthermore, it is not clear how such algorithms would perform with
two part tariffs or other nonlinear pricing_schémés. This work seems

very promising but is not yet at the operational stage.
8. " Concluding Remarks

The objective of this survey is to bring together those aspects

of optimal pricing theory that might be<re1evant~For~pricing_of local

telephone service. Not every posSib]e cqnsideratﬁon has been addressed.

(Fot example, Mitchell (1981) considers the problem that arises when

different telephone exchanges with different demand and cost conditions

are forced to have the same prices so that some kind "average" optimal
price is required.) - However, the ‘main iSsues-Tn optimal pricing have

been described carefully.

<

The underlying question is: should Tocal te]éphone service have

usage sensitive prices. Perhaps a few directs comments on this question

are appropfiate.\ First of all, the implication of all the optimal
pricing considerations is that, ignoring the cost of implementation,

USP should be used. However, the actual we1fare-gaﬁns in moving frbm

.a suboptimal pric¢ing cbnfigurationfto a éecond-best optimum tend

to bé.sma11 in comparison to the total benefits of the.servicé; (This

is a manifestation of the so-called "iron law offdeadweight Toss".)

Consequently if the costs of implementation are high, adopting USP

'might not-be desirable. 1In any case, there is little point in trying
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to achieve fine tuning in setting optimal prices. Most of the welfare
gains would be achieved by having prices reasonably close to marginal

cost and by using access surcharges to make up any deficit. This

would involve peak load pricing since cyclical variation over the day

and week is a very important aspect of telephore demand.

There is considerable consumer resistance and some industry resistance

to usage sensitive pricing. At least part of this resistance seems to

be due to misunderstanding. Specifically, telephone service in Canada

hés been provided according to two important principles: value of service

pricing and universal access. These principles are sometimes advanced

as reasons for resisting USP. It is, therefore, worth pointing out

that these two principles would actua1]y favour adoption of usage

sensitive pricing.

First of all, consider value of service pricing. This means charging
businessés higher rates for local service than households. This kind
of‘pricing can be carried out more efficiently under usage sensitive
pricing than under the current flat rate scheme. Indeed, Ramsey pricing

involves this very idea: 1low elasticities should be associated with

higher markups. Genera]fy, Tow elasticities are associatéd with high -

value of service so Ramsey pricing will generally be consistent with

value of service pricing. Even if businesses do not really have low

elasticities S0 that "value of service" pricing is just an excuse
for charging firms higher rates than households for equity reasons,

such an objective can be pursued more efficiently with usage charges

and access fees than with acces fees alane.
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Secondly we consider universal access. If_ié sometimes argued~:‘
that‘usége prices would force poor peop1e and old people to give
up.té]ephoné service, or at ]eéstito_Sufférfsevere hardship. In
fact, for a gfven révenue target, usage sénsitive»pricing would 1dwer
access charges and would make having a te1ephone easier to afford. At
current.flét rates old people who make re1ative1y‘féw phone calls
actually subsidize high use households. (More accurately, old people
come closer to covering -their costs than do high-use househo]dé,-since

both are subsidized by business users -and by: long distance seryice.)

Furthermore, if it is regarded as important for equity reasons that

old people or poor people have te1ephbnes they can simply be given Tower.

rates.  This kind of price discrimination,ié a much more effective.
method of achieving the equity objectiVe thah;the'current flat rate o
systeh. It just doesn't make sense to constrain.an entire pricing
system to be 1ﬁefficient to meet the needs of certain Qsérs when

those needs can be easily met by an-efficient pricing system.

The issue of whether usage prices are."equifab1e" isvlogic$11y
separate from the question of whether local service rates should be
higher overall so as to reduce the subsidy from long distance service.
However, if higher revenues are required from local service, usage
sensitive prices will be the most efficient and most equitable method
of generating these revenues. Thus-we_might'expeCt to see the intro-

duction of usage rates being coincident with higher local rates.
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The_main analytic issue, then, is simply whether the economic
benefits of USP would outweight the economic costs. Normally QUCh
a question would be answered by Tooking at current evidence. However,
the telephone industry is changing so. rapidly, both on the production.

side and the demand side, that current evidence is not likely to provide

reliable estimate of costs and benefits even a few years from now.

Most of the developments are 1in the direction of making usage sensitive
pricing more attractive and Tess costly. Therefore current estimates
should be regarded as conservative lower bounds on the potential benefits

from usage sensitive pricing.
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Introduction

This report deals with priéing of telecommunicatiOns.servicgs, par-
ticularly use‘of network facilities by bﬁsineséas and houseﬂolds;. The
'cenﬁral issue is the desirability df usage sensitive pricing (USP) and
local measured service (IMS) for households and businesses. USP requires

making total payments by any consumer sensitive to his total usage. This

will generally involve charging each consumer in relation to the costs his

use imposes on the telephone system, althbugh value-based discriminating

usage prices are also possible. We feel that the principal efficiency"

gains from USP are almost entirely captured in cost based pricing. 1In the

past it was difficult and costly to assess the costs of providing services
on-a call by .call basis and thus rules of thumb wére used to_e;tablish
prices. .These rules tended to emphaéize.value of service and ignore cost
of provisioq. Technical breakthroughs haverméde the monitoring of use of
the:network on a -subscriber by subscriber basis muchiless costly and tﬁus
USP seems feasible. USP has aiways been‘cbnsidgred a procedure for foster—

ing efficient use. of resources in the production of services.

We survey, in Part I, theoretical aspects of pricing in settings -
like those characterizing the telécommunications system. The focus is on
efficient pricing, which centres on relating price to marginal cost. In-

Part II, we survey the practices for charging for usage of various tele-

‘communications systems. Attention is focussed on Canadian, U.S., and

European practices and recent experiences,. Institutional and technical

issues are considered., In Part III, a survey of recent studies examining




residential subscribers' response in terms of revised use patterns to changes
in charges or prices. Of particular interest is the recent GTE experiment
with local measured service (ILMS) in Illinois. Our conclusions are

‘presented in the last part. Since the issue involving most

Canadians is the possible introduction of local measured service

and related charges for their local residential use, LMS receives

rather more attention. Central to our investigatibn was the question

of eliciting more empirical information abéut the effects of LMS on
use and welfare. Our observations appear in Part III and in the
Concluding Remarks.  Our remarks wefe influenced by our conviction
fhat the telecommunications industry is in the midst of large shifts
in demands resulting from new services which the network can provide
(e.g. videotech devices, data transfer, ete.) and in supply resulting

from new devices and equipment (e.g. electronic switches, satellite

transmission, optical fibers, etc.).
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PART II
Institutional and Technicai_Aspééts

of Measuring Telecommunications Services

Introduction

We sﬁrvey recent pricing.practises{and related inspitutional‘

’mattérs in.Cana&a, the U.S. and Europe in the section. It ﬁill be

seen that the approach- to pricing in various European countries

is différént from that being pursued in the U.S. Recent Canadian

pricing practises are analyzed and charges compared with those in

other coﬁntries. Technical aspects. of monitoring usage on a call o

by call basis are surveyed with a view to isolating the relative

:;éosﬁé Qf‘métering and billing local'céllsfon-a call by call basis. .

Two Appendices provide dqcumentatiOn'of considerations of local

measured service and usage sensitive pricing in the U.S.




Notes on the Current Telecommunications Scene in France

The seventh five-year plan in France made telecommunications devel-

opment a priority. Projections aré for 28 million subscriber lines by
1987, a‘subséantial increase over the 6.2 million lines in 1974. The huge
expansion in the capacity of the system provides a market for the new
devices which have emerged since the transistor-electronics revolution in
technology. The key eleménts in the revolution of the technology of tele~
communication are glectronic switching, digitalizing of the signals and
fibre optical lines. Electronic switching is cheaper per line and has
ready metering capabilities. Digital transmission of signals (relative
to analogue signals) has the advantage of no loss in precision of the
signal»as distance is traversed. This makes digital signals viftually a
necessity for data transmission. . One is not usually concerned with minor
distortion in voice transmission,but in other message forms m%nor distor—-
ﬁion can make the transmission sufficiently unreliable to be useless.
Fibre optical cables are fabricated from glass which in turn is derived
frém silicon, a most abundant and cheap input. Thus fibre optical cébles
will be substantially cheaper thén copper cables and are much more compact.
France has a strategy to "wire" the country with modern equipmenc'
capablé of delivering.voice and non-voice messages with compatible or
flexible devices. (The social, political-and economic implications of
this strategy were sketched in the;remarkable report prepared for the

President of France: 8. Nora and A. Minc, The Computerigation of Society,

MIT Press, 1980.) The private sector is manufacturing the equipment but
thé planning and design specification is handled by public officials.
The wave of videotech-devices has been anticipated and there is -a plan
. to have the French Antiope device reach an enthusiastic market. . Each

—-]=-
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subscriber will receive free an electronic telephone director (a screen
and console attached to his phone line). Telephone users will be obliged

to become proficient'with,the_deviée and presumably will be enthusiastic -

" customers for the Aﬁtiope unit for phone-line compatible two=way communi-

cation. .Via Antiope a user will have access. to'data banks, catalogues

and ordering facilities, news services, etc. The demands on phone line -

and switching capacity will bé-substantially'greater than in pre-videotech

" days, and a ratiomalization of usage with marginal cost pricing seems

‘to be a necessity. One of the difficuiﬁies one encounters in analyzing
éhaﬁges in.phone usagé in reponse to price chaﬁges.is_that the demand
schedule will be altered perhaps gfeatly by the new services which phone
lines will be capable of providing. The effects of pride-changés_on

the old demand schedule may bé small relative to the effectS‘of.shifts
in the demand schedule in resﬁonse to new\c§pabi1ities'of the phone liﬁe.
We diséﬁés rates iﬁ a c?oés sectien éé European}coﬁntrieé below but we -
néte here. that France does not yet have detailed measured rates of the |

kind now installed or in the planning stages in many European dountriés,

Notes on the Current Telecommunications Scene in the U.S.

Siﬁilaf teéhnicélﬁéhanges in telecommunications apparatus*aré'-
being dealt with in the U.S. HdweverA:he-n§W*technology makes'ﬁeteriﬁé
calls so much less coétly thén_with‘older aevices and . orie 6bséfves npﬁ.’i
only rapid change in the hardware of telecommunications (changes such.

as:electfonic‘switching, fibre optical transmission cables and digitali-

- zation of signals) but changes in metering from flat rate for local sub-

scribers to full local metering of calls. wa-other‘forcesihave'made

local metering a natural development. The "intercomnect" trend has made




the 1oﬁg distance calling market more competitive and presﬁmably»there is
downward pressure on prices and fevenues. ("Intérconnectionf of non-Bell
equipment with the Bell switched network was opened with the Carter phone
court decision of 1968. In May 1970 the federal Communications Commission
authorized "specialized'common carriers" of inter-city traffic to connect
with the local Bell (AT&T) switched network. MCI Communications Inc. was

an early competitor in the newly opened inter—-city traffie.)

The MCI system operates as follows: A customer in a city covered
by MCI service who wants to make long distance call dials several "access"
digits to gain entry to the MCI system. He then dials the number of the
party he wants to reach. The signal travels on MCI's own microwave system
and when it reaches the c¢ity "called", it reenters the local (frequently
Bell) system and arrives. at the distant phone. We reproduced some charges

as of July 9, 1980 for Bell service and MCI service.




to

Annaheim

Atlanta

~Boston

Chicago
Dallas

Denver

Detroit

Los Angeles..

Pittsburgh

. San Francisco

Washington, D.C.

Call from New York

Minutes

10

17

33

15

16

14

"10

$1.41
2.45
3.62
0.57
8.26
3.81
10.34
4.27
-3.36
0.63

2.30

Bell Charge

MCI Charge

$0.74
1.33
1.86
0:27
4.56
2.11
6.12

2.36°

. 1.61

0.30

1.10

(Source: N.Y. Times, Jﬁly-lO, 1980)

With competition in the long distance market, traditional cross sub—

sidization of local calling is now not as easy if at all possible. In order

to get more revenues from the local calling sector or at least to bring

revenues in line with costs, some form of measured service or charge per

amount -of usage seems natural. In fact the Federal Communications Commis—

sion, in Docket 20003 (Sept. 24, 1976) (Appendix II below) recommended that

operating companies consider usage sensitive pricing (USP) as a response

to revenue shortfalls brought about by increased competition. Thirdly,

the U.S. has been swept by the technicai changes which make the telephone-’




line a service with many new functioms, particularly for acéessing computers,
data banks, and in the future two-way videotech facilities. There seems
little doubt that the demand schedule for the representative subscriber has
or will shift substantially outwards. System wide capacity will become more
scarce and must be priced accordingly. Some form of user charges resembling
margipal cost pricing seems like the natural approach. As we note in Appen~
dix I, all large companies are moving to a meterea local service of some
sort. The 1979 NARUC Annual Report on Utility and Carrier Regulation
(Washington, D. C., 1980, pp. 593-596) contains reports of the views of
various state'regulatory commissions concerning local measured service,
also. New York City has had local measured service since 1974 for both
business and residential users. For business users in many large American
cities, including New York City, Chicago, Los Angeles and Boston, business

users have no flat rate option.

AT&T competitors and potential competitors persuaded the Federal
Communications Commission (FCC) in 1976 to develop standards for equipment
and in so doing circumvented AT&T restricting competition by dictating
standards for equipment connected to its system. Also in 1976 AT&T compe~
titdré (including MCI Communications Corporation, ITT's United States
Transmission Systems, Southern Pacific Communications Telenet, Graphnet,
RCA American) successfuliy*opposed a new Communications Act endorsed by
AT&T which would have defined the competitive environment for non-Bell or

non—-AT&T companies.
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In January 1981 the U.S. Government's suit filéd in November
6f_1974 against AT&T reache& the Courﬁs. The government charged AT&T
with excludiqg competition and stifling innovation in the telecommunications
inddstry.' The trial has not got underway because an out-of-court settle-
ment was imminent in January and the judge deferred opening arguments.
However, tﬁe_Reagan adminisfration requested another deferral in order
thaﬁ.it could examine the Government's case. 'The pressure to break up -
AT&T, to separate its manufacturing and research organization from its
operating orgamization, is no doubt a natural.response to. the vast increase
in markets for new equipment brought about by the new‘cababilities of
a linked network. New producers see é 1argé ﬁeﬁ ﬁatket to sell in. Rapid
techﬁical change has upset the-equilibrium in the telecommunications-

industry.

Notes. on the Current Telecommunications Sceéne in Canada

The Canadian telecommunications industfy structure is unique.
There i1s considerable public ownership (the systems in Manitoba, Saskatchewan
and Alberta) and a dominant position of Bell Canada (centered in Ontario -

and Quebec. but also with a substantial equity position in the Maritime.

.- operating companies, Newfoundland Telephone Cbmpény Ltd., New Brunswick -

o ’l‘ei‘ephone‘ Company Ltd., Maritime Telegraph and Telephone Company Ltd. (owns

44.45 of Island Telephone Company Ltd. serving P.E.I.)). The inter-
city network was essentially an AT&T monopoly in the U.S. but in Canada
each. separate company controls the lines in its territory and'lonévdistance

service is organized by the consortium of member,companiés in TCTS (Trans

‘. Canada Telephone system) established in 1931. One assumes that a rate

structure for long distance in part will treflect the cartel structure
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of the organizing imstitution. It appears that Canadian long distance
‘charges have not been set to cross-subsidize local services quite as

much as in the U.S. We discuss aspects of Canadian pricing below in

a subsequent section.

Canada has often led in bringing new innovations on stfeam.
The launching of the telecommunications satellite, Anik, in 1973, was
a world fi;st. Canada hasfseen the installation of DATAROUTE, a network
for transmission of digi£31 signals. DATAPAC is a linking of computers
via the switched network. Any subscriber can dial into DATAPAC.. A report

in 1975 in the Financial Times indicated that charges on average to the

Canadian consumer for local and long distance service rose less than

20% bétween.1958 and 1974 whereas the CPI rose by 70% over the same interval.
The Canadian telecommunications industry is being buffetted

by the same major technical changes that we mentioned were upsetting

an equilibrium in the U.S. Electronic and computer based control systems

have made electrbmechanical systems obsolete. The new electronic systems

make completely measured service a very low cost option. Rapidly changing

costs, resulting from rapid techmical change in the inter-city nefwork

have made revenue;splitfing and investment planning more difficult in

ICTS (Ogle t1979; p-2371). The'federal regulatory agency CRTC.has received .

a consultant's report on these matters recently. Of great importance

is- the rapidly changing demand situation for telecommunications servicess,

The new technologies have provided new services which have led to increased

demand for use of both the switched and dedicated systems. Since flat

rate charges can lead to significant distortions of charge per standardized

use from the cost, companies are turning to some form of measured service.




For example, a subscriber might keep his line open 24 hours per day to

. a computer processing facility and be charged the same 'as a subscriber

who makes a handful of three minute local calls per da& under a flat

.rate charging system. A complete change in use patterns by households

and small business can.be anticipated with the mass use of videotech

devices such as TELIDON and facsimile transfer units. In February

1981 Bell Canada announced the introduction of a "Display phome" which

can be used as a regular telephone unit but also has a seven inch video

. disﬁlay tube which can project data called up~froﬁ'a;remote.data‘storage

system.. Information in rémote computer storage can be both called up. and

~changed with this unit. A letter-keyboard is part of the unit. The

screen candisplay 25 ro&s of 40 or 80 character width. The unit’ also has
cépébilities-as a. computer itself andican handle electronic maiit::ChargeS
of using lines and switches shoﬁld be. brought in line with the costs of
provi&ing the services. The large question is.whether cépaci£y~or deménd-
is growing more rapidly‘under the.rapidntechnical change. Which wéy will
prices én aVe&age tend?

The Ca;adian telécommuniéations-industry is, like the U.S.
counterpart, experiencing the:adjustments brought on by competitors inter-

connecting with parts of the existing networks. In May 1979, the CRIC

granted CNCP rights to provide services which fed into the existing network. .

CNCP was not.permitted to provide WATS (Wide Area Telephone Service)
or MTS (Message Toll Service) services. The competitive pressures from
CNCP on TCTS will lead to rate structure changes by TCTS and revenue

changes. One would conjecture: that these competitive pressures would



lead toward a system in which prices or charges for each type of service
were mofe closely aligned with costs. TCTS represents an unwie ldy
organization for ﬁot only deciding on rétes but also on investment programs
for the Canada wide transmission system. Competition as a result of
"interconnection' is being experienced by the operating companiés at

-the level of the individual subscriber and rates are being altered to

reflect the new environment. "James Thackray, Bell president, said in

a press release that the company was forced to seek increased rates because
of an interim decision by CRIC last year that allowed customers to purchase
their own equipment and attach it to Bell lines. 'When rates for these

services must be constrained to remain competitive, then other rates

must take up the slack', Mr. Thackray said." [Globe and Mail, February
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Parameters of the Telephone Use Pattern.

With regard to the relationship between the duration of calls and .

their frequency, the negative exponential distribution has been observed to

provide'a good characterization for Egropean_traffic before local measured
service. For the plausible case of a mean call timé<§f 3.minutes, the
negative .exponential observed would ha§e 637% of galls completed withig 3
minutes, and 28% within 1 minute. At the other extreme; only 1% of calls

exceed 14 minutes.

At a less aggregative level, one negative exponential must be
decomposed to allow for the fact the residential calls under a scheme of a

fixed charge per call have been observed longer than business calis,>and

- evening calls, for all subscribers, have been observed longer than daytime

calls. Toll calls have been observed longer than local calls with call time
increasing on average with distance. -Mitchell-[1979, p.QT'suggests that the
duration-frequency relationshipiis more correctly characterized as a "mix-—

ture of several exponential distributions with different mean durations.”

With little documentation, Lichtenwalner [1980, p.26] reports that

a minority of households make a majority of the calls. This holds for

business and residential users. He presents this interesting Lorenz curve..

(Figure 1)
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A minority number (20-35%) make the majority of calls. This
is true for business and residence. Holding times are general-

1y shorter than we had enyisioned, but it shows that flat rate
pricing is discriminatory. :

Figure 1
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Presumably the index of usage is calls made rather than time spent using the

telephone. He goes on to remark that business usage peaks during business

hours (between 8:00 a.m. and 5:00 p.m.) and residential usage peaks around
9:00 p.m. and usage trails off rapidly. to midnight. Between 12:01 a.m. and

6:15 a.m. less than 1% of calls per day are made.

.The AT&T (Ga;finkei andviinﬁért) paper presents some summary des-—
criﬁtions of telephone usage in the USA under a single party flat rate
pricing scheme. These descriptions. are in accord with others and we
preéént thgm as Figufes 2, 3, and 4. We observe ihat.a‘minority.
of subscribers make very many calis_per month leading to a noticeable
skewness of the distribution in FiguréA 2. Figure 3 expresses this
point in~another<w§y: about half the calls are piaced by about one quarter
of the subScribers} A similar skéwness is found in conversation times

under a flat rate pricing scheme. There is a long tail reflecting subscrib-

ers with long calls. The average customer holding time of 4.5 minutes

is about one minute higher than that recorded for European residential
calls. Finally we observe the familiar diurnal usage pattern in Figure 5,

with.residential use peaking in the evening and business use displaying

noticeable morning and evening peaks.
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A picture of the relationship between income and telephone uéage
_is provided by these data taken from a survey of ten California exchanges

using No. 1 EES switching equipment in May 1972 - July 1973.

Residential Telephone Use by Income Level under a Flat Rate

Minutes Per Day’
A

Call per Day Origingéing _ Incomizg
Household Income "Per User . (Local Only) (Local Plus Toll)
Under $3,000 . 3.48 6.18 8.24
3,000 ~ 5,000 2.76 - 4,72 - 5.75
5,000 - 8,000 1.45 4.91 6.30
8,000 - 10,000 1.60 5.06 5.41
10,000 = 15,000 1.42 5.28 5.64
15,000 - 20,000 1.52 4.84 4.72
20,000 ~ 30,000 0.97 4.30 4,85
Over 30,000 1.22 3.92 4.45

[Source: Mitchell 1978 p.521]

Observe that lower income households are relatively higher users. A
Beckerite migﬂt.exglain such behavior in terms of the lower oppoftunity
cost of time for poorer people. Moreover if telephone conversation has a
consumption component associated with it, chatting may be a low cost

leisure activity for lower income people. But lower income households

are more frequently non-subscribers than higher income households. For
example in British Colﬁmbia in 1978 the percentage of all households without
telephone sérvice was 3.77% while in the lowest income bracket it was 7.9%.

(Statistics Canada, Household Facilities by Income and Other Characteristics,

1978, pp. 52-53.) Also in the U.S., more higher income households were

subscribers than tower income ones. [See Mitchell 1978 Table 1]
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B. Brandon, et al. [1981] reported on investigétions of tele—-.

- phone usége in Chicage in the mid 1970's. Fairly comprehensive statistical

D

tests were performed on information obtained from 4 representative sample

: of users.. Chicago was covered by afpartiallj metered‘system. Each call

was«recorded:and,chargéd for beyond some thfeshold-levelfof célls._ Charges
were -higher for calls from centra1 Chicago to the more distant suburﬁs;

The pricing écheme was based on the message unit per unit of usage. Thefe.
was a charge of one message unit per local call. One general finding

was that there was much variation in usage among subscribers with identical.

" - demographic characteristics. One might infer that some salient - socio- -

economié dimension waé absent or perhaps:more.usefﬁlly ﬁhat coﬁvéntioﬁali‘
demdgfaphic variables are only pgrtly successful in éxplaiuing é household's
bértidular uSagé,

* Specifically it was observed that "as income rises, the medién

number of local calls tends to rise,,although'nc pair of incomeﬁgroups,

is significantly different. A higher income is associated with low avérage

duration." (p.6)  1Income and the level of suburban~calling-aréqusitively
correlated.. 'Blacké~call more freqUently.and'télk-longer than whites o

éven when other dimensions are standardized. People above 55 make fewer:

‘local calls and talk for shorter periods than younger peoplé, -Usage

is positively related to the number depeopIe in;a househ§1d.and;the'.
presence of‘téeﬁagers is particulafly signifiéant-iﬁ pfedicting‘héavy
telephone.ﬁsage.- As AT&T fapers.noté;nsubscribers wheﬁ askéd tend to:
overestimaté their‘éctual‘usage; both in ﬁgrﬁs of the number of calls

and the aggregate time spent conversing.
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Usage for local calling peaks in the evening between 7 and

. 9 p.m. when an average of 2 minutes per hour is taken up calling. Most

local calls were placed within 5 miles of the caller's central office.

Duration rises up to the 5-10 mile band and then declines. Distance

was not related to other socio—economic variables. The number;,averagei%
. L

time and aggregate chafges for toll calls are significantly higher for
households with incomes of $20,000 or more. Finally, aggregate chargeé
also increase with income; that is there is a positive income elasticity
for "vertical services" such as "Touch-tone" and "Trimline" handsets.

The rate schedule in effect whén these observations were
arrived at involved the subscriber selecting his usage class, Each class
had a cértain number of '"free" calls or message units, and beyond a cut-
off point. a charge was made per additional message unit. One class
had’ a flat rate of $24.50 in 1974. The other classes had an allowance
of zero, 80, 140, or 200 message units. The charge for message units
above the allowed level was usually 5 3/4 cents. About 5% of subscribers
chose the flat rate scheme.

Charging Formulae in Different Countries

A snapshot of some dimensions of the organization, metering

and usage of telephones is provided in Table 1. Note that both Canada

and the U.S. have most phones operated by private institutions. In Europe,

Denmark, Finland, Italy and Spain have most phones operated by private

institutions. Both Australia and New Zealand have public operation of

I |
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the phone. system. The remaining cdunt?ies.ligted have the phone'system ..
publicly operated. These countriés~afe all in Europe. The top four
countries classified by phones per capité are in order: the U.S.; Sweden,
Switzerland, and Canada (two countries with phones predominantly ﬁrivaﬁely
organized and twopublicly organized). The bottom four countries are
Poland, Séain,Franne and West Germany (Spain‘é phones are privately organized
ana the-rest are publicly organized).. Most European countries have local
measured service based on the pulse ﬁethod_of metering. Italy and Spain
(privaﬁely run) and Poland (publicly run) were not using thé‘pulse gethod 
for local metering. New Zealand (publicly run) . and Canada and the U,é.
(privately rum) were also not using the pulse method:to monitor local
calls. We observe from other sources that the Ganadian and New Zealénd
residential éystems were on a flat rate'priding'system for local calis.
In the U.S. some areés had flat‘rates for local_dallipg and others were
charged by.the call but not untii fecently by duration and time of day.
>On‘the caﬁpanion table, Taﬁle‘Z, We.ha§e some'additiongl
detaii on the chagges per locallcall.and 6n<acce554ap& usagé fees. We
observe that only Cagada; New Zealand, and New York State had flat rates
for local calling by residential subscribers. Metering.by qall aloné

is common (7 of 17 countries) and metering by call and duration is carried

" out in 6 countries. We have noted elsewhere that most. European countries”

are moving or have moved to pricing by duration of call. Thus our table
fails to reflect the trend toward more complete metering of local calls.
In Canada and New York State the "Service Connection Fee" was considerably

lower than in other areas. This reflects a posture. of cross-subsidizing
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January 1976 TABLE 1

Operation Conversations = in 000's
per . Local Interurban Internat.Outgoing
Total 100 % auto- Pulse Pulse Pulse
Telephones pop. matic  Private Gov't. Metered Other Metered Other Metered  Other
Canada 13,142,235 57.15 99.9 10,797,799 2,344,436 - 17,829,249 - 845,172 - 64;994

11.529 Oooincludgs international metered
’ ’

u.s. 148,444,000  69.49  99.9 148,247,000 197,000 - 193,116,000 - Pelee units
Deamark 2,316,208  44.97  99.9 2,039,822 276,386 1,630,733 - 712,342 - - minucéi’“79ﬁiiﬁii‘“?iiiiifd
Finland 1,833,993 38.89  94.8 1,244,022 589,971 2,722,445  n.a. 4,478,136 231,366 18,592 1,610
France 13,833,346 26.2  96.5 0 13,833,346 29,268,100 total pulse - interurban & international included
Germany, calls
Fed.Rep.of 19,602,606 31.7  100.0 0 19,602,606 9,214,695 - 4,725,133 5,015 115,014 3,329
. Italy 14,495,677 25.88 100.0 14,495,677 0 - 7,571,571 - 2,360,116 - 23,975 &,
* Netherlands 5,047,117 36.75  100.0 0 5,047,117 1,900,989 - 1,498,132 40 46,397 1,883 D
Norway 1,406,995 35.03  90.0 0 1,406,995 721,000 - 122,000 43,130 6,139 1,833
Poland 2,577,636  7.54  90.8 0 2,577,636 - 474,092 - 177,652 748 838
Spain 7,835/970 21.98  92.6 7,835,970 0 n.a. - 896,341 164,427 11,298 4,459
Sweden 5,422,795 66.07  100.0 0 5,422,795 17,600,000 - - 4,700 25,339 1,766
Switzerland 3,912,971 61.09 100.0 0 3,912,971 1,079,965 - 3,657,483 - 274,638 - chargeable
Y. Kingdom 21,035,602  35.51  99.9 0 21,035,602 13,736,000 -~ 2,141,180 171,237 - 43,500  Tminutes
Australia 5,266,843  39.01  96.3 0 5,266,843 3,560,000 - 258,470 86,525 - 2,225
New Zealand 1,570,784 50.18  93.9 0 1,570,784 - n.a. - 79,883 - 802"

SOURCE: AT&T Long Lines, January 1, 1976.
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TABLE 2 -
- COMPARISION OF BASIC TELEPHQNE CHARGES 1IN AUSTRALIA AND SOME OVERSEAS CDUNTRIES—
) V(ALL CHARGES EXPRESSED IN~AUSTRALIAN DOLLARS)
© (1979 Exchange Rate $1.20 Cdn = $1 Aus.)
COUNTRY - ANNUAL RENTAL - SERVICE CONNECTION LOCAL CALL FEES )
CHARGING SYSTEM EXCLUSIVE SERVICE ~ 'FEE
AUSTRALIA Bus: $120 . $120 9 cents (untimed)
— measured rate - Non Bus: $ 85
~ AUSTRIA. Bus and Residential Actual installed cost 2.7_cents (untimed)
- measured rate - $110.71 normally amounts to- :
T about $52.72 R
— ; : - l
DENMARK - Bus and Residential $198.83 1. Monday to Saturday T
- measured rate - $91.97 - from 8Am to 6Pm
< ‘ 4.3 cents for 3 min
call.
2. All other times’
, 2.3 cents per 3 min
i call.
SWEDEN Bus and Residential $61.50 3.5 cents (untimed)
- measured rate - $43.47 ' o
NORWAY Bus and Resideatial . $175.80 for installation 11.8 cents per 3 minute
- measured rate - varies from $52.74 plus a deposit of $351.60 call between 8Am and
s to $120.24 depending which earns interest 5Pm- on week days. All
on the number of - at 6.57 PA. This other times 11.8 cents
subscribers in the deposit is refunded when per call -~ untimed.
network., the service is cancelled. :

' SOURCE: Tariffs and Prices Section .

Telecom Australia



o §70.15 Avtomagle exchauges
varies from §872.69 to §100,22,

‘In Paris the rental i $112.76

bill and five
inastalments of 3!2,52
at 2-monthly intervals

COUNTRY - " AHNUAL RENTAL - SERVICE CONNECTION LOCAL CALL‘FEBS'
CIARGING SYSTEMH EXCLUSIVE SERVICE FEE . .
FINLAND Bus and Redidential §1080.448 6 cents (unciued)

- measured rata - §36.85 :

FRANCE Bus and Residencial-Manual $146.16 9.8 cents

- measured rate - axchangea varies from $47.60 §$83.52 paid with fivsc {untimed)

8
FEDERAL REPUBLIC OF

GERMANY
- weasured rate -

Bus ‘and Residential
$156.23

§96.44

The timing of local calls.is

belng progressively introduced.)

It 1s expected that by January
1980 50X of all subscribers
will have their local calls
timed,

*See Detalls Below

1.1 cents

NETHERLANDS Bus and Residential §93.91 plus §1.56 per
~ measured rate - §123.42 metre of line inatalled {untiwed)
or wmoved on suba
premisea
ITALY Buas $83.05 Bus:  §138.32 5.5 cents:
-~ meaaured vake — ‘Rea: $33.55 les:  §11p.082 {untimed)

*NOTE: *© Federal Bepudlic of Germany - LocalAcall fees.,

3. Uncimed callis cost 38 cents.
2, Timed calla, ‘
(a) Honday - Friday - 6AM co 6BM
Saturday 6AM to 2PH

11 cents per '§ winute call,

(b) Al other times

il cents per 12 winuce call.




COUNTRY -
" CHARGING SYSTEM

ANNUAL RENTAL -
EXCLUSTVE SERVICE

SERVICE CONHECTION
FEE

LOCAL CALL FEES .

SWETZERLAND
- measured vate -

Bus and Kesidentlnl
vartes Erom $81.42 ta
$121.93 depending on

the nusber of auba . ‘

in netuork

Approx charge for

- Intemal wiring s

§6c.22

3.2 cents per call
of 3 miputes. Calls
are fimed .

REQ ZEALAND
- Flat vate -

Bua; varies from
$196.27 to §$307. 69

" Res: vavies from-

- §84.84 o $113.12,
The variaction is
dependent on the numbey
of auba and type of
exchange ro uhich the
sub 1a counected ie
Auto, mapual ar o
restricted service
exchange =

§47.13

. Unlimited free. local

calls

REPUBLIC OF SOUTH
AFRICA :
- measured :ace,-

1. Flat vate exchanges
Bus. . §57.41
Res. $44.€5

2, - Heasage rate
: exchungeﬁ

(a) Automacic exchanges
and large Clty
and sulurban areas.
Bus and Res:
CGhG.65 -

(b) CounCty:Exchangcs'_
Bus & Res $131.69

§$31.89

for gubs connected to

Unltmited free local
calls for subs
connected to flat rate
exclianges:. 4.2 cents
per call (uncimed)

messages rate exchanges

[}
~
©
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l COLNTRY - ANNUAL RENTAL - SERVICE CONNECTION LOCAL CALL FEES ‘ \ N
i CHARGENG SYSTEM EXCLUSTVE SERVICE FEE N
~JRPAN Business: $137.28 Conneckfon fee §$352.00 4.4 cents per.
~ adasured rate - Residences $§95.04 Compul soxy . 3 winuces
Purchase of '
Bonds $660.00
§1012.00
Rantals indicated
apply in the large
citles of Japan with
400,000 ox more
subacriber lines
Uk Bua: §26.26 $88 1€ within Ska Calls are timed ,
- measured vate - Ress §64.53 of an exchaaga. ) S
{(Includes BX VA.T) ' Beyond 5 kwm excess B. Peak Rate
chavge 05_629,33 - , i 1
for each 200 meters "~ 5.8 cents per call of 2 winutes. t
or part theveof : !
2. Standard Rate
5.8 cents per call of 3 winuces. |
3. Cheap Rate
5.8 cents per call of 12 minutes.
NOYES: 3. Peak rate - Monday €o
Frldgx‘QAm ee 1Pu.
2, S&andard:sate r.Honduyltu
Friday 8Aw to 9Am '
IPn to 6Pm ’
3. _Cheap rate - Honday to
= Friday 6Pw to 8Am and on
Saturday and Sunday all
day. )
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| CIEERY -

’couyany'of,Cunéda

“AHHUAL RENTAL -

----!-l!iﬁ

<ad -mengured rate -
Hall Telephone

Mg@aupgd vate Lagls '

Buai

'$lk7.4ﬁ,'

R SERVICE CONNECI 10 Tocal. CALL FEha
("IRGTHG 8YST£H . . EXCLUSTVE SENVICE . s : ?EE ’
| CANADA (ﬁONTREAi, Flat.Rnte haalnv ndd: -§31.66. Unlimited free calla ta suhs paylng rental on flac
1 AND TORGNTO) Buat - §247.43 Res: §15.26 rate basis. 125 free calls per month for subs
- & wix of £lat Ress § 75.35 . ' paying rental on weasured rate basis, and 4.8 cents

per call for calla in excesas of the freu allovance

U.L.A.
HEW YORK

STATE
- a plx of flac
and measured rate -
Auwerican Telephone
and Telegraph Co,

Bua Subscriber .

» l .

2‘

- from $120.90 to §134.136.

Flac rate hasis -~ varies from
Ql;ﬁ 66 to $345. 26

Measage rate basis - variles
These
rentals include a monthly
allowance of §3.56 for local
calls .

Ren Subacrlher

Flat rate basls - varles from

| $78.21 60 §335,66

: Hcssaga rate basts-
- {a) Uncimed message unlts

" 'varlea from $75. 78 to
582 49

(b) Tined wmegsgage units varies
from §65.08 to $71.79
These,reuta!a include a
wonthly alldvayce of
s3 56 for local calla.

NOTE. Flut rate aervtce is
- not "affered to Business
and Reaidenctal
subscribers In tlew York

thz

Busineas $48.14

' Restdencial §21.84

Subs on a flat rate basis af charging are enticled
to unlimited and uncimed free message units fa his
primary local call area.

'Hesaage rate Basis

Bualnesa Suba;

Hog.ta Frto BAn to 9. OOPm. First 5 minutes 6.7cents
Each add 1 mln' ‘) cent
.9Pm to MiPm Firxacr 5 miputes 4.4cencs
- Each add 1 min O0.6ceats
, . '
Sat, Sunday and holldayi First: Sminutes 4.4cents 5
8An to 11Pm Each add | min O.6cent !
All days 11Pu to BAnm First 5 minutes 2.6cents
Eacly- add l win’ 0. lﬁceut
Reﬁidential Subs—Untimed calls
Non to Fri 8Am o 9Pm - hach aessage uuit 1.3 ceats
, 9Pm to 1Pu wnoooow e sy 0"
Sat Sunday and holldaya . S
8Am to 11Pm » oo " 5.3 ceats
All days 11Pm Co 8Aw e * 3.5 cengs -

Timed calla

Hon to Frl B8An to 9Pm: First 5 minutea 6.7 cents
Fach add min 1 cent

QPm to lle Firse 5 mlnutes 4.4 ceats
" Each add | min 0 6 ceats

-

Sat Sunday and holidays- -
: A to lle Flrsr 5 minutes 5 3 centf'

- Each add 1 min 0.6 cents
lle to 8Am First 5 mtnutea 2.6 cents

All days
: Ea:h mi:_l I min 0. Lb (lllLb

. - e R e T a1 ram ik e




TADLE 3 \\\
\\
. \
COMPARISION OF TRUNK CALL CHARGES - EQUATED 10 CHARGEABLE DISTANCES \_‘
*  IN_AUSTRALIA
ALL_COSTS EXPRESSED TN AUSTRALIAN DOLLARS
CHARGEABLE COST OF 3 MINUTE DDD CALL - FROM MONDAY " COST OF 3 WINUTE ppp CALL - FROM MONDAY T0
DISTANCE TO FREDAY — AT PEAK DAY RATES .. FRIDAY — AT CHEAPEST NIGHT RATES
g & < &
. 3 : O p
1k : %1 3l 5 :
4 <= % b b~ b ’ ~5 ° ' . e . ‘ éi"
HHEHAHEE I IR HEEEE B R
2| B S|A18 |2 508 |8 (BE | #|&|8|a| 5 5 8fElg ElEE .
. : :
Up to S0ka |0.18 [0.23 |0.48}0.580:34(0.09 0.37 r0.59 0.14]0.39}0.67 § 0.07210.220.56]0.23]0.05]0.04]0.37 }0.44 J0.14]0.19 0-2t9
5) to 85km  10.36 P.51 fo.62]0.27{1.05]0.21{0.6) fr.06]0.26]0.240 .33 | o.144 .51 {n.20(n.31{0.16{0.10)0.37 [0.29 l0.26]0.36] O-2¢
86 to 165km }0.8) | .74 |0.8210.883.05]0.36]0.99 ).06§0n.42]0.74} 1.66 } 0.324 50.59 .27 0.3506. 160 0. 181053 J0. 20 fo.42]0.36] ©0.29
166 to 325km |1.35: 1,24 Jo.98{n.91 [r.05]0.64 {158 f1.0s[0.52]1.47] 1.66 | .54 0.96 In.32 80,3610, 341 6.32{6.86 1.79 8.52{0.73f 029
326 to 485km 1.80 |1.53 f1.18]0.96]1.050.64[1.968(1.06]0.63]2.47] .66 F 0.72 |3.19 |0.37}0.37 0,16} 0. 32 1.§3j0.79 Jo.63]0. 72} 0.29
{:86 to 645k 12,025 (.87 1.36.1.01 - jB.85(2.641 - - - 1.56 0.81 (1.33§n.38{6.400 ~ £0.42}3.58 - - - 0.29
over 645k J2.20 J- |1.20fi.00) - fr.oofaazj- V- - - - 1.08 |- mW.65f0.40) - fo.safrea]l - - ] - -
Haximiom 2.23hh.16] r.s3 0.74 |0.46 9.76
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TABLE 4

-
- .

AN mnrc’xgwn oF TUE SIZE OF LOCAL GALL AREAS IN cxnmm 'OVERSEAS COUNTRIES

couﬁﬁw APPROXIHATE SIZ£ 0!“ LOCM. CM.L AREA
. HEASUIILD MDIA[AL\' FROH MALR EXCHANGE _
 Auséraila B Melbourne and Sydney - 40k radlally frmn princlpal trunk exchange. Other capltal cities
n 32hn Fadially, . : .
Ausérla | Thg local call aren-comprlseg a compunity with a typical radius aof Skm.
Franca , V Paris L'ektend;.lékm radlally ' !
Federal Republtc'of Extcends approxlmutely 20lua vadially in almost all local aveas
Garmany , throughout tha Federal uepubllc.
Cdnédu ‘ A ‘ Hontreal -~ ‘extends up €o 48k radlally
‘ Quebec Clty - axtendé ub to 40hu radlally . "
Singapore Local call area extends over the whola of the Island of Slngupore
Japan _ _'1.Tokyo - ¥9km radlally _ ' |
Sweden | stockholm - 36k radlally
UK , : | Londen - 25km radlally
usa ; , . Heu York - could vary from Bkm to 30km radlally
) Chicago - Lakin radlally ' _-
S , Los Angalea - 13km vadlally -
Mew 2ealind o "' Auckiand and Welltngton - 32k vadially
Sul(zcrlpn4 ,  ;' Berne and Geneva - Tkm radially
- 1 zurich - 6ka vadially
Republic of  Pretoria ~ 25km radla;ly
South AErﬁca ; ‘ ' :

- g Sm W WS - -m = .
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' 1AﬁLE 5 : : o g
o T . . L o e '\Qas_ '
| | | - b
HOURS OF WORK REQUIRED EACH YEAR T PAY FOR TELEPHONE SERVICE TN AUSTRALTA AND SOME OVERSEAS COUNTRIES
L L g © | ausematza | e Japan | France | reperar [PENMARK - | NoRuAY | SWEDEN | UK Joanapa’] usa
' - N : ZEALAND ‘ R REP OF A :
: . GERMANY
nours of uork required each year to |~ 2.51 o b.49 *18.85{ 5.26 | 1.66 2.54 g8.62 | ~1.41] 2.89] o0.31] 0.42

. pay servica connection fees, upread
over 10 years.

__Precentage of Faral hours 5% 2% 21 6% 2 12x 16| 6% Y S I S WY
uaurs of vark required [0 psy 17.75 35.68 17.7 | 36.05 | 26.89 11.76 19.65 7.83} 21.16] §5.16) 15.74
annual residencial reatal. ' N |

: Percencaga of total hours ‘ 9% _box 30% J42% 40X | 54X 36X 40X 7% 471; 48%
Wours of work required to pay for 9.19 | - ~ 4a0] 1763 1 9.47 | 2.5 9.64 | 3.15f 19.23] - -
500 local calls - each of 3 _ ' : . '

- minutes durattoa ~ at Peak day . PR

" ¥ates. K ’ _ \ ‘
_bercencage of Toral hauru 201 - 77 SO 11 14X 132 | 167 f25% - -
Mours of work vequired to pay | 16.91 23.2 16.44| 26.47 | 28.57 462 | 17.38 | 2.54 | 34.62| 16.54 16.85

for 100 STP calls - eéach of 3
minuces duration - betwaen
points 150ka apart - at Peak:

day Rates. . ) . _ . _ . . _

" Percentage of tocal hours Jaex sz} wx ax a4y - | 2ix x a8y - Jasx | s2z |siz
,TOTAL HOURS N _i 46.56 6017 '59.09| 85.41 | 66.59 | -21.67 55.29 1 19.63 | 77.90] 32.01}33.04
“*JAPAM - Includea 12.29 houra for the compulsory purchase of bonds.» - _é;

-

gnoRuAY -~  Includes 5.75 hours for the compulsary, purchase of hnnda.

SOURCE: Tariffs and Pc;ces Sectlon,
" Telecom Australia - :




AVERAGE HOURLY EARNINGS OF ADULTS ENGAGED IN

TABLE 6

MANUFAGTURING INDUSTRY

International

Econemics

aad S

. SOJRCE' ‘Monthly Bulletﬂr of Statvstlcs - December 1978 Issued by Departmont of
ccial Affeixs, Statistical Qffice, New York.

-ﬁﬁ-d-uﬁmn-ﬂ—ﬂ_-ﬁ-j@ﬁ—

COUNTRY CATEGORY OF ADULTS AVERAGE HOURLY
" EARNINGS IN
AUSTRALIAN $
. < $
FRANCE (Dec 1977) Male & Female 2.78
' |
UK {Oct 1977) | Male 3.05
NEW ZEALAND  (Oct 1977) Male & Female 3.17
AUSTRALIA (Oct 1977) Male 4,79 -
CANADA (Dec 1977) Male & Female 4.97
U.S.A. (Dec 1977) Male & Female 5.24
JAPAN (1977) Male & Female 5.37
SWEDEN {Dec 1977) Male & Female 5.55
FED REPUBLIC {Oct 1977) Male 5.8% -.
OF GERMANY .
. -
NORWAY (Dec 1977) Male 6.12 .
DENMAR( (Dec  1977) Male & Female 7.82
‘NDTE: Hourly'earnings indicated are prior to payment of ﬁax.

.-T_E_. '

(. Y
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access in North America, I believe. This has resulted in a high rate of

penetration of phone rentals in-the total market. - Recall that Canada

~and-rhe U.S. did indeed rank in the top three countries of_phohes per

~ capita. Sweden has a relatively low annual rental fee but moderate "access

fees" (Sweden also charges per call) and also displays- a high level of

vphones‘per capita.

The other salient and implicit dimenéiqn of local charging is

the area over which a subscriber can call without incurring'toll charges.

We observe. that the cities with the largest areas are Montreal, Melbourne

or'Sydney,~Stockhob@and.Wellington, New Zealand. Those with the smallest

areas are a city in Austria, Zurich, Paris, and Tokyo. . (Dlstance allowable

' under a-local calling charge is one of those dlmen81ons of 1mp11c1t pricing .

which makes quick comparison of relative prices among cities'and countries

partidularly difficult. TIdeally, one would like to standardize across
access areas. Should one use in this caée~gebgraphic'area or ‘number

of subscribers as the criterion of comparable access?)

Outlays By Subscribers in Different Countries.

Since telephone serv1ce comprlses a bundle of district subserv1ces

(1oca1 calling, toll calling, peak and off—peak calllng) one has to aggre—

gate over the subservices in order to arrive at a representative outlay.

We ‘report on' two recent surveys of evaluating relative subscriber outlays

across countries. 'Recall that outlay is a disbursement by the subscriber
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and may or may not be closely aligned with resource costs of providing
the service. In order to avoid using international exchange rates to
compare outlays, some analysts express .outlays in hours worked at a repre-

sentative wage rate in the country in question.

In Table 5 we have relative hours worked in differeﬁt countries
for a standardized basket of telephone.serﬁices, for a residential subscriber.
thé that the access charge has been amortized oﬁer ten years so that
it looms relatively small in the calculation. The basket of subsarﬁices
comprises 500 local calls of 3 minutes or less per year and 100 direqt
dlal toll calls of 3 minutes or less between two points 150 km apart.

The four countries with ‘the lowest outlay per residential subscriber
measured by hours emplpyed reqﬁired to pay for the serﬁice are Swéden,
.Denmark, Canada and the U.S. The four countries with the highest outlays
are France, the U.K., West Germany and New Zealand. In another study

by a private research organization in Europe, the outlay for a standard
basket of telephone services was compared across 13 European countries.
The basket was basgd on a representative user in the U.K. Calls were
evaluated as if th;y were 3 minutes long and the average distance of

a trunk call was 100 km. Three international calls were included in

the basket. The basket coﬁprised 649 local calls, 112 trunk éalis and

3 international calls. (A composite of business and residential users

was used. There was also averaging over peak and off-peak prices.)

R =
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TABLE 7

Index of Relative OutlaYS'for a

Standard Basket of Telephone Services 1978

Swedeﬁ _ 42,1
Denmark ' 68.8
" Ireland . | 98.7
Switzerland 100,00
Finland - 100.1
Italy | o 102.0
.France' - : 103.6
vk o ‘1os.~9'~
Nérway . | ' | 126.9
Belgium , 135.6
Netherlands 143.2
, Austria ‘ o .i55.5
West Germany 183,8

SOURCE: Telephony, July 10, 1978, p.76.

These rasults.are not dissimilar to those above. Sweden and Denmark

are ‘countries with low subscriber outlays and West Germany, Franceé and

the U.K. are countries displaying higher outlays per subscriber. These

index numbers are not related to wages and thus "are. constructed quite

differently than the abéve measures of relative subscriber outlays.
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TABLE 8

Degree of Cost Coverage by Service, in Percent

3
United Kingdom | West Germany; I

; S-w.itzez-::land Swedér; ) o
Service 1976 1973/74 1976 1974
Telephone Services - T 113 ‘
Rentals : 85-90 47 NA
business | - - o= - " 85 - - ‘
residence . - - . - - 87 - -
calls - o 128 5
local ca. 60° 58' NA :
trunk _ > 100 245 NA _ l
Private Lines 206 - NA 108 _ NA | I
Telegram ‘ 67 - - 43 52 A
| metex | 119 N "84 120 '
Total Telecommunica- | _ a - \ 
tions 108 ) - - 104 112

Sources: Switzerland: PTT - Geschdftsbericht 1976
: Sweden: Televerket-Fdrfattningssamling Serie A:29 .
United Kingdom: Post Office Reports and Accounts, 1976~77
West Germany: Deutsche Bundespost, Geschidftsbericht,1975

NA = not avéilable.
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A more detailed look at telephone rates for five European coun-
tries (Norway, Sweden, Switzerland, the U.K. and West Germany) was reported
in Mitchell [1978b]. Charging formalae involved an installation fee, a

monthly subscription fee, local usage charges (often metered by duration)

and rates for trunk calls. In each of these countries a public agency ran

the system. * Generally, toll revenues were used to:offset deficits arising
from the provision of local service (see Table 8 ). Of note in the survey
is the discussion of how adjustments in peak, and off-peak relative rates

affected the diurnal and weekly patterns of toll telephone use. There is

'~ .evidence of significant cross-elasticities of demand between periods with

respect to.price.

A similar resonse was repofted for long distance traffic in the

U.S. in the 1960's. In 1963 AT&T introduced off-peak rates starting at

-9'p.m. and>theAnumber of calls between. 9 and 10 p.m. doubled. ‘in;1965 the
l_dff—peék rates were advanced to the post 8 p.m. pefiod. A leveling off of
~u;e appeared immediately but a gradualﬁincre;se in "buncﬁing" of:Calls in
“the 8-to 9 p.m. hou&_emerged later. . Another observation is that residential
-and Bﬁsiness charges are very similér in these Européan countries in con=

‘trast with the situation in Canada and the U.S. where a multiplicity of rate

thibns are~availableuto'different.types of 'users (see .our Section.on

‘Canadian pricing experience).
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Canadian Priecing Experience

Beigie [1973] preseneed a thoughﬁful survey of pricing of tele—
communications services in Canada. (The structure of rates he examined
did not change by 1981 although inflation resulted in a shift up in
nominal chargesl) His benchmark of desirable pricing was
.ﬁarginal cost pricing. He saw departures in four spheres and expressed
dissatisfaction with these violations of the rule: price at margin§l.cost.
. First he was surprised at some forms of bulk toll calliﬁg'discounts. . For
exémple under a particular.SPPL (short period private line) arraﬁgement, a
user can make relatively short distance toll calls in moderate volume much
cheaper than under the usual toll pricing schedulé. These discounts app-

eared unrelated to a traffic volume or pattern which would suggest that the

telephone company was following some variant of marginal cost pricing.

Secondly he expressed dissatisfaction at the "averaging" impiicit
in extended area service (EAS). That is one subscriber who makes cglls
through only a single central office is charged the same as another sub-—
scriber whose calls go through more than one central office and over the
connecting trunk., The latter subscriber makes mofe "demands" on capital
and is implicitly subsidized by the former since both.pay the same monthly
charge. Recall that EAS, a pervasive approach to pricing local service,

results in a flat rate subseription applying to calls covering relatively

wide geographic areas and encompassing more than one central office. EAS is

usually implemented after opinion has been sampled in the area covered. There

is both one-way and two-way EAS. In the former, a subscriber can call "toll-
-free" from a fringe area of a city into a city but city residents must pay a
toll in calling from the city to the fringe. The vagueness of criteria for
introducing EAS make regulatory decision difficult. as waéiWei}?i;lﬁstgated

in the CRTC Telecom Decision 81-3 concerning the British Columbia‘Teleﬁhoné

- e

-
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Company. - (A hybrid form of service combining elements of toll and EAS

' is the Residence Optional Calling Plan (ROCP) which allows for reduced

rates (discounts of about 60%) for blocks of long distance calls
between exchanges located up td 40 miles apart.) The third -

depafture‘from marginal cost pricing he noted was the charging of diff-

' erent rates for apparently the same service. For example business users

were charged higher installation and flat rates for the same rights to

use the local network. Finally, he expressed concern over the prohibition

on "interconnection" or the use of devices manufactured by "outside'" firms:

on lines owned by a company with the right to offer .service. Since 1973,

‘there have been rulings by CRTC permitting some "interconnection", particu-

larly that of CNCP in the sphere of non-voicé transmission by business

subscribers (Ogle [1979; p.235]1).

- Beigie is favorably disposed to detailéd measu:ed SQrvice,. His
.model of .desirable pricing is thaﬁ for teletype. 'Charges are by 6 second
unité. Distances afe caiculated on the basis éf WATS zones. Théré is.
however‘po variation in charge for time of day ér week. (There is also
thg anomaly -- charges are-basedlon one (1) ﬁinuté intervals betweeﬁ Caﬁada

and. the U.S.) Beigie relates these teletypewriter rates to the then

‘new toll rates for Bell Canada which involved one charge for the first

minute and another charge for subsequent minutes. This rate scheme was

a departure from the earlier specific charge for the first three minutes.

Considerable opposition emerged from -users when ‘the one minute -
scheme was introduced. ‘A pricing scheme which appears clearly

more efficient may not gain popular acceptance without a

campaign of information dissemination. Some critics of the

" new set charge for the first minute contended that this pricing scheme

was designed to capture a large new revenue source in non-voice communica-
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tion over the switched network. Presumably data and related non-voice
traffic can be transmitted in'digitalized bursts often of less than one
minute whereas voice calls have a mean of between three and five minutes.
One wonders if huge increases in non~voice transmission over the switched
network might not lead to substantial increases in the cost of a voice call
if'capacity does not grow as fast as traffic. Beigie suggests that one
might conceive of capacity being approached on the system during the night-
time hours if business non-voice communication is directed to that time
périod given the traditional low prices for nighttime use. There is

room for pricing which would permit fixed capital to be used at an effiéient
capacityfqr seven days a week and 24 hours per day; A voice cali may
become for households a rare and luxurious item. Much existing residential
toll cailing might take place in prepackaged nmon-voice modes. The inter—
active component of voice calls would be sacrificed but much lower relative
costs to the customer would be obtained. The subscriber would presumably
pick up his handset; dictate a message, dial the number of the party

he wishes to send the message to aﬁd hang up. The receiving party would
have.a unit to reconstruct the message from the electronic signal trans-
mitted. The chargg for the use of the switched network would présﬁmably

be miniscule since the time taken to transmit the electronically prepack-

aged message would be miniscule.

Beigie is eqﬁivocal abéut reduced rates for bulk users. Such
schemes as WATS (wide area telephone service) and TELPAK are not explained
from the standpoint of marginal cost pricing. WATS involves essentially
a leased link from an establishment to a particular geographic zone.

The price is fixed for the link and not by the call. There are alternate
pricing formulas under which a subscriber can acquire a WATS line for
10 hours of calling per month. For calls running in the block above

10 hours, a charge per Gnit time is imposed. (There is also the option

- o o)
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.of acquiring an INWATS line for only incoming calls or an OUTWATS line

for pniy ouﬁgoing calls.) WATS relies on the estabiishe&_s&itched network.
TELPAK"is a partly dedicated scheme.: A subscriber leases a numbér_of

channels capable of transmitting voice and nonfvpicé traffic. These

-'channels can be connected to the switghed'netWOrkvat point of origin

- or destination. (The very low rates'chargedffor_iELPAK in the U.S. in

the late.IQGO's were, it is alleged, intended to discourage entry into

the long distance transmission business by potential rivals such as MCI.)

Dedicated systems are not complicated to price. One calculates
the carrying costs of the initial outlay amortized over the life of the
installation and adds on a charge for maintenance. However partiy dedica-

ted systems present the usuallcomplexities'of transmission_system'pricing.

A chafgejmust cover. the capital and maintenance for the dedicated part,

- but then a charge must be made for use of the network, a charge varying

with traffic (usually time of day) and distance. If rates are not set
at the appropriate marginal cost, then there ﬁi1lAexist an incentive

for users to acquire their own private dedicated system. This latter .

.

appears to be a possibility being considered for communication within-

large corporations. Since much traffic moves by microwave signals, and

the cost of antennas has been declining, the incentive for certain users

tO'bypass-the:existing switched network has emerged. In other words,

lc0mpetitive suppliers of communication.system have grown up at many stages

of the telecommunication system. The reason for this burgeoning of compet-
itors is twofold —- there are many new products peripheral to the system

(attachments) which can be produced'competitivély with traditional suppliers
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such as Western Electric in thg U.S. and Northern Electric in Canada. -

' Mény ofvthese new products can be tailor-made and can be differentiated
from a rival's offering. New niches in the market have opened up which
traditional suppliers have failed to £ill. Secondly, costs of entry
to the sector providing network services have become lower. MCI and
CNCP can provide a compe£itiVe toll network based on microwave‘transmission.
Tﬁey do not have to dupliéate the hardware of the existing toll system,
this laftér having developed with lines linking exchanges in different

cities.

It seems characteristic of network systems such as roadwéys,
‘railways, telecommunicafions, andApefhaps airways, that peripﬁeral or
loﬁ density links are subsidized by high density links within a firm.
The introduction of competition afpears first in high density links ané
this in turn .forces existing firms to lower prices on these links. Prices
arethen.raiséd on peripheral links and often service gets cut back or
withdrawn. (This did not appear in the early stagés of deregulation
of airlines in the U.S., however ; currently there is significant'withdrawal

of service in the-éeripheral areas (New York Times, March 8, 1981).) 'Im

conversation, James Alleman of GTE suggested that the charges for comnect=
ing relatively isolated subscribers had been set too low.relative to costs
in the past. In this case there was cross subsidization of capital costs

rather than operating costs.

A case can be made for bulk use charges of the WATS or TELPAK
sort in terms of minimizing risk on the part of the subscriber and supplier.

The subscriber knows his monthly outlay in advance and the supplier knows
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his revénue. The uncértaintyrisISPread ovéf-oﬁher:users of a non~
dedica£e§ system who are not certéin;tﬁat tﬁéré_ﬁill be capacity for
their palls at all times. Users of WATS lines~also‘incuf a cost:relative»
to normal‘meésured toll service in the fdrm-offqueﬁeé Whiéh form within
a company“for accesé to the WATS 1ine.;-Thus a WATS'installatidn‘can
dampen the demand for calls Ey means of queue rationing in plaée of price
rationing; We discuss below that a flat rate subscription for local

calling has the same risk spreading feature asudbes the bulk charge scheme.

The supplier may end up providing more capacity~than he would with measured

service but both subscriber and supplier experiencea disbursement: and

. revenue .stream respectively with little variation.  If costs are relatively

insensitive to the volume of traffic, then such a pricing scheme has

merit.

The final gnusual-chéracteristic of the pricing systemawhidh

attracted Beigie's attention was the variation in charges with distance..

fBeigie observed a noticeable decline in charge per mile as the distance a

.call traversed increased under .the standard toll charge scheme. Charge "

K

per call is still of course higher for longer diétance calls than -shorter
idistance.galls. Under TELPAK there was no decline in charge per mile.

.It_seems plausible, in light of the technology involved th;ﬁ toll calls

might'havé-the'charge per mile decline with_the:distancé~oVerfwhich the- -

.call travels. The call tfavelsvfrom;the'Sbscriber to the local central .

switching office, then it is routed either to the microwave network con- -

sisting of transmitting towers about 30 miles .apart or to the neafest

satellite transmission station. At the receiving end, the call leaves
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the long distance network, moves through the local exchange and reaches

the receiving subscriber. Costs involved are in switching and long distance

transmitting:. In the microwave system the costs would be lower in moving
a signal from tower to tower than in "accessing" the network. The call
then uses switching resources and transmission. facilities, which appear

to clearly have cost per mile declining with distance. A margindl cost
priéing'schédule would involve the observed decliné in charge per mile

as distance increases. Also the charge should increase with call duration
but again at a declining cost per minute.. (A capacity charge should

also be included by ha§ing rates vary with traffic or as a proxy, by

time oflday.) For the satellite transmission, the cost per mile declining
with di#tance is even more striking. Total costs per call are presumably
invariant over wide ranges of distances making the cost per call relatively
conétant. Thus a decline in charge per mile with distance seems obviously

in order.

Why would TELPAK charges not decline in dollars per mile for
increased distances? Since TELPAK is largely a dedicated system, the

charge is presumabiy largely for installed capital per user. It is easy

to see how increased distances would involve increased capital outlays

and how those outlays would be roughly in proportion to distance traversed. |

There are then straightforward arguments for having a different pricing
scheme related to the distance dimension for regular toll service and

for TELPAK service.

Is there a marginal cost pricing rationale for charging residential

and business subscribers different flat rates and/or different installation

o et s oo

-

- e o eh

o~

~

~-

-

- e en




- D B e B S oo

-

- e o ww ow

~44-

.chérges for the same right of usage of the system? Certainly if a represen-

tative business user on average makes more calls and occupies the line

longer than a representative residential user, a clear case can be made
for charging business subscribers more. Such is the case, but recovering
the respective costs via installation and flat rate charges is a very

crude form of marginal cost pricing. In fact it is probably closer to.

average cost pricing. The case for charging precisely by usage is in

raccord with marginal cost pricing but nevertheless charging proportional

to usage (average cost pricing) is probably a reasonable second-best

solution.

To the economist, the charging of different rates for the same ser—

vice is explained on efficiency groynds in some instances: (e.g. peak load.

. pricing) and on revenue generation grounds in. other instances - (e.g. price

discrimination). Operating companies interpret the same pricing patterns
in terms of "value of service" (e.g. Skelton. [1980]). ' Value of service
pricing is a concept borrowed from transportation economics.  There:the

concept is used to describe a procedure -in which the cost of shipment for

?

" a specific commodity is decided by a rule of thﬁmb'or markup formula which

involvesAcharging for the transportation service an amount related to the

value of the commodity being shipped. This is ‘a procedure which economizes

on the obviously costly process of determining the cost tothe company of

‘making the shipment. Rules of thumb do have this desirable efficiency -

character but the procedure of value of service pricing is nonetheless a

crude form of price discrimination in the textbook sense of price
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discrimination. It is not a procedure in which charges are determined by
costs of production of the service. We see then, Bell Canada justifying
charging residential subscribers in different communities flat rates vary-
ing directly with the number of telephones in the respective areas "covered
by" the flat rate and the charging of business users in an area a higher
flat rate than residential users because 'the value of service to a busi~
ness customer generally is greater than to a residential customer

(Skelton [1980, p.8]). The monthly cost of providing the service by Bell
may be related to (i) the number of phones in an area and (ii) to the type
of user but invoking "value of service'" as a basis for pricing in these
cases is really invoking a mixture of revenue arguments (price discrimina-
tion) and efficiency arguments (average use related to average cost of
provision)r In any case, "value of service" pricing corresponds neither in
principle nor in practice to marginal cost pricing or USP more generally.
Aithough message-rate (charge based on number of calls alone) service for
business is widely available in Canada, in 1980, only 4.2% of business
lines Qere being charged under a message rate scheme. In Table 9, we
have flat rates for residential and business users for some Canadian and

J

U.S. cities.
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- Ottawa, Ontario .

Bitmingham{.Alabama

Albany, N.Y.

Ay

Montreal, Quebec3
Toronto,VOntario
Atlanta, Georgia-

Miami, Florida .

Ottawa, Ontario-

Birmingham, Alabama

Albany, N.Y.

Montreal/Toronto

Atlanta, Georgia

‘Miami, Florida
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TABLE’9

- Flat Rate

- Individual Business Line. per Month

1969 -

$13.70

$19.50

$17.00

 $16.25

$16.25
$19.00

$15.75

(Can.)
(U.S.)

(U.s.)

(Can.)'

(Can.)
(U.s.)

(U.S.)

1979

$23.15
$37.95

Flat Rate not

(Can.)

(U.s.)

available

$27.35

$27.35
$33.10

$29.25

(Can.)
(Can.)

(U.s.)

(U.s.) "

_ Flat Rate ‘
" Individual Residence Line per Month

Increase

$ 9.45

© §18.45

$11.10

$11.10

$14.10

$13.504

(Can.)

(U.s.)

(Can.)
(Can.)
(U.S.)

(U.s})

1969

$5.30
$6.10

$6.00

$5.85 -
$6.50

$5.95

(Can.)

(U.s.).

(U.s.)

(Can.)
(U.S.)

(U.s.)

1979

$ 7.50.
$12.85

$12.53

$ 8.55
$11.85

$12.10

(can.)

(U.s.)

(U.s.).

(Can.)
(U.S.)

(U.S.)

Increase

$2.20.
$6.75

$6.53

" $2.70

' $5.35

- $6.15

(Source: P, E. Skelton, Testimony to Restrictive. Trade Practices

Commission of Canada, May 1980)

(Can.)
(U.S.)

(U.S.)

(Can.[
(U.s.)

(U.s.)
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Metering for Local Measured Servicel

Step—~by—step offices still represent more than 60% of switching
entities in the U.S., 90 years after their introduction. It is not easy
to add features to the switéh. However, two approaches are practicable.
The company can move to LMS by adding on peripheral devices or integral
deyices. The different approaches have different costs and advantages.

We will note these below.

The peripheral devices are attachea to each subscriber's tip-and-
ring as in Figure 6. The integral devices are attached between the line
finder and first selector, at a point of concentration. The Figure shows
an input ratio of ten to one for the peripheral and integral devices and
this is a minimum value. Either type can be active——that is not only
recordvcéll elements but also participate in the switching function in

varying degrees——or passive, i.e. record only the call elements.

Peripheral devices can be added on without requiring any office
rearrangements to:reassign subscribers. They make sense in a fransition
phase as for example when new electronic switches are expected to be
brbught on stream in the near future. They also are desiraple for situa-=

tions in which only some subscribers using a switching center are being
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charged under LMS. TFor example as LMS is phased in, only businesé subscrib—

‘ers will be moved away from a flat rate in a transitional period. The

accessibility of the Tip and Ring leads and the modularity of the available

peripheral devices make gathering data under LMS in Step-by-step offices a
practical approach. . Since connections are made ‘on a subscriber by subscri-

ber basis, peripheral devices seem best suited for exchanges with under

3,000 subscribers.

The integral device can allow for vertical service offerings. It
can record such call details as abbreviated or touch dialing, automatic
re&ial, and other originating custom calling features. The installation
cost is almost 407 less than the peripheral devices since the connection is
at a poinﬁ of concentration. Typically, the connection is made at tip,
riﬁg, and sleeve leads between the line-finders and first selector stage.
The sleeve lead of each subscriber must also be connected in conjunction

with ANI (automatic number identification) equipment.

Integral devices are available which provide bulk billing of local

2

calls and details of toll calls. It turns out that currently man§ companies

in the U.S. are converting existing paper tape toll recording systems to

maghetic tape and the cost of this change’is comparable in a LAMA (local
automatic message accounﬁimg) office to that of integral devices to do the
job of LMS, toll billing and providing the above mentioned vertical
service enhancement. However the coét of retrofitting

the tributary offices in CAMA (central automatic message accounting) envir-

onments tends to dilute the advantage of this step. There are substantial
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COMPUTERIZED LMS & AMA IN A X-BAR OFFICE
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fixed costs associated. with integral devices and these. should be spread
over at least 3,000 subscrlbers. Wlth peripheral devices, the fixed costs
are less. 8See the trade-off illustrated -in Figure 7. However if toll

recording and vertical services are taken into the calculation, then active

devices which include these features in -addition to LMS, Whether peripheral :

or integral, might be cost effective in almost any sized office.

Although details of a local call will be recorded, only‘bulk_infor-‘

mation will be fed into the billing module; The peripheral and-integral

' devrces reduce the data to a bulk format,. typlcally, and transmit the data

S to. the bllllng complex. In Figure 8, . there is an lllustratron.of'a

conflguratlon Wthh utllizes both peripheral and'integral devices'with'

blnformatlon belng collected by a mlnlcomputer at a central polnt._ An

alternatlve approach would have the lnformatlon teleproeessed dlrectly to

that fac111ty and call details for LMS would be retalned on a storage

-dev1ce.

We dlscussed above, perlpheral and lntegral dev1ces for step~by—
step sw1tch1ng entities. Much of what was reported concernlng the use of.

per1phera1 devices for LMS and AMA is directly relevant for #5 Crossbar

sw1tch1ng dev1ces. Per1phera1 or outboard devlCes are economlcal solutlonst

for- 1mplement1ng LMS in cases for which relatlvely few subscrlbers are to.
be monitored. . However‘for large~sca1e MS and AMA, integral~or 1nboard
solntions are the least cost alternatire; Inboardlsolutions.for a Crossbar
system are cla551f1ed as equlpment that fltS W1th1n either the" sw1tch

acceSSLng interface (l.e. the line flnder or. flrst selector which we
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observed for the casz above of a step—by-étep switching eﬁtity) or the
switch itself (i.e. the coﬁpleting marker and trunk). The cosf of instal-
lation of inboard devices are less than those for periphefal devices cover-—
ing all subscribers in a switching entity because there are fewer connec—

tions to make.

There are again substantial secondary benefits of inboard solutions.
On a #5 Cross Bar, a completing marker and trunk interface offers signifi-
cant benefits in terms of maintenance information, equipment retirement,
telephone usage details (e.g. completés and incombletes), more accurate

call billing and timing, plus toll data collection.

Inboard or integral devices can accommodate call service growth
opportunities without requiring call switch replacement. This is known as

accommodating vertical growth.

The IBM inboard solution to LMS and AMA for a Crossbar System is
as follows. The Intelligent Scanner is connected to fhe Completing Markers
and Trunks to pick up .the four element call information on all calls han-
dled by the Crosséar.Switch; In Figure 2 there is an illustration of the
computer configuration recommended to support the application. 'Presumably
ﬁhis configuration would also serve as a support for the integral devices
gttached to a step-by-step switching device discussed above. Except
for the nature of the actual link to.the telephone system, the system
in Figure 8 is a general support system for providing IMS. 1In Figure
8, the éomputers are paired: one 1is primafy and the other 1s a backup

unit. Each subsystem monitors the operation of the other. In the event
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of a malfunction, the backup system assumes: the billing function from

~ the primary system. An alarm sounds as a.the switchover occurs. The

'system will register a cause of malfunction and the system status at

the time of switchover where practical. The backup system rums warm

~in parallel with the primary, gathering and assembling billing data

but not acgually assuming fhé biliing function until the primary malfunc-
tions."Periodically; each primary and backup computer is polled by a
Host computer. Binary Synchronous Communications is recommendediusing
a‘yoiée~grade dial-up network. The estimated thrdqghput on' a 4800 bps
line is apﬁrqximately 46,000 a;sémbled’calls.per'hour, .Periodic mainten—

ance reports indicating switch malfunctions will be printed at the Host

"and a central maintenance center if desired.

' The system monitors and. processes a call in the following way..
A marker seizure alerts the scanner to collect initial entry data. A

scan of all marker - leads is initiéted._ Called number, line equipment -

number, trunk frame, trunk block, trunk select, party identification

. and various marker progress indicators are all collected during seizure

]

' from the marker interface. It is then determined whether the system:

'will generate billing or whether the call will be billed elsewhere or’

noﬁ"billed;at all.

_ After the call information ié collected from the marker,~the
specific trunk seized is identified frém-theainformatiqn received. The
trunk I.D. along with the"calied’line Equipment Number and_cailed number

is sent to a temporary call queue area in disk storage. After the call
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is completed, the line equipment location number obtained from the marker
ié translated into a calling or biiling number by use of the line trans-—
lation table which resides in the disk storage. The line translation
table also provides the billing class of the calling line. The billing
class and the called area of office code atg combined with other information
to detefmine the type of call and the Message Billing :Frndex. This informa-
tion is utilized in message unit feductioﬁ and is gtored in the completed

call site.

Trunk relays. are scanned periodically for call superviéion; Digital
filtering is applied to reduce noise hits. The customer is considered
to have answered if answer supervision exists for a specified intervalf
When it has been determined that a call has been answered the connect
time is stored in the‘same call queue area with the rest of the initial
entry information. Later the disconmect timing entry.is stored in the
call queue area thus completing the assumbly of call details. Billing
can be made on the basié of "first party disconnect", "last party down",
or "calling party disconnect™. The assumbled call is then moved to another
buffer area in disk?pending transmissién via binary synchronous communica-

tion to a Host System.

The Host concept is a computer system which provides for the
collection of billing déta from remote ticketing sites via a dial-up
voice grade network. ‘Thus toll data can be collected also. -In fact
the data from mulfiple switch sites can be presented to the data processing

center from a Host system via magnetic tape or over a high speed data

link.
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Cost information was not prpvided'for this system by the IBM
representative but we see clearly why; 1) much of the cost is fixed

or independent of the number of subscribers and to.a lessér extent indepen-

~dent of the traffic, and 2) the .cost of expanding. the system botﬁ~hofizon—

tally (more subscribers and/or more tréffic) and vertically (more services
to the subscriber) is semnsitive to the tybe of LMS and AMA'system selected.
The deciéioh to proceed with LMS‘requires careful consideration of

the time horizon over which the augmented switching entity will be kept

in service, Thgre is no evidence of a plaﬁned rush to écrap eiisting
electromechanical switching eﬁtitiés such as Cross Baf‘ahd-stepfby—step

in favor of electronic switching systems'with LMS and AMA'built-in. Thus -

" retrofitting is the issue facing many companies and not a minor matter

in the investment plans of those companies.

" Portable monitoring equipmeqt is available for LMS recording
and was used in- some. surveys by the Continenfal Telephone Co. :of St.

Louis, MO.

. Each remote unit monitors’ 240 lines and is capable of storing

]

15000 call records. Each unit weighs 135 1bs. and uses 48 volts of power.

- The unit records calling number, time of .day, type of supervision, call

start time, call duration and called number. Both touch tone and rotary

: dial'pulseé,can be processed. The unit can be used for any type of switch-

ing entity (step-by-step, electronic, or digital) since it geéets its pulse
from the tip and ring at- the frame. A printer is required at the remote

units. The system can be "quick connected" with Amphenol plugs if an

- office is prewired with such devices.
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It usés 9 track, 1600 bp. tape on an 8} inch reel at 25 inches
per second. Each reel can store up to 125,000 calls. the units are
affected by electrical noise from exchénge cables and cannot measure
loops over 1400 ohms. Party line customers cannot be monitored; These
remote units are most'éuited for momitoring PBX (personal and business

exhange) switching entities, but Continental used them throughout its

systems.

The costs of peripheral versus integral devices for LMS and AMA
repprted in Figure 7 are in line with those reported in Alleman [1977].
We have répréduced Alleman's summary chart in Figure 9. These figures
oﬁ a pér line basis include the capital costs of data processing and
billing.

We note that a-remote unit from Vidar (the company which supplied
équipment fof 1LMS metering of New York City's 3.6 million subscribers).
is lower cost per line than an integral unit for a switching entity with
. less than about 11,000 lines. The Conrac schedule relates to equipment
‘ provided.by Conrac:forconverting small C.O. (central offices) or'switching
entitiesito USP. Like many reported cost figures, there is mno breakdawn
by type of éwitch being'monitored.or by quality of monitoring being carried

out. The actual recording and data procéssing equipment added on can

vary widely in terms of cost and ancillary services, vertical and horizontal,'

provided.

Lichtenwalner [1980] indicates that the capital cost per switching’

entity rises from about $30,000 to $36,000 as lines rise from O to 6000.
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Thus the cabiéal cost of LMS and AMA for a 1000 liné central office is
about $31 pef line and for a 3000 line office is about $11 and for a

6000 line office falls to about $6. These figures are similar to Alleman's
in the neighborhood of 1000 line central offices but are below Alleman's
on average for central offices above 1000 lines. (Alleman's GT&E figures
are similar to Lichtenwalner's.) One cannot overlook the possibility

that Lichtenwalner and Alleman may have drawn on the same sources for

their estimates.

The GT&E schedule relates to observations which have become avail-

able as a result of that company's experiment with USP in Illinois. This

was a small scale experimental situation and the data for costs of monitox-—

ing are possibly an underestimate of actual costs which must be met in
a long term commercial application. (Metering costs for step-by-step

switching entities were netted out of the figures reported in Figure 9.)

Mountain Bell reported costs on a flow (not capital basis) for
its system centered on Denver. Their figures were 14 cents per line
for EES, 19 cents ?er line for 5XB and 92 cents for SXS. The a&miniStra— :
tive costs were reported to be 24 cents per line. This leaves a gross
figure for step-by-step of about three times that for the electronic
switching entity. (The nominal'maéﬁitudes were in U.S. dollars for a
publication dated 1973.) Step-by~-step equipment was expected to be scrap-
ped in the near future and so the meteriﬁg equipment was amortized over

a relatively short time horizon.

This brings us to the critical timing decision facing telephone

companies. If USP is brouéht in quickly, much "dated" equipment will
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have to be retrofitted with new metering divices which in turn will likely

* be scrapped in a matter of years (not decades). The sunk costs of new

metering equipment on older equipment will induce companies to delay

scrapping older equipment longer than they would have in the absence

- of retrofitting. If USP is phased in slowly, inboard metering devices

will be installed with new- switching entities and on average one expects
a more rapid scrapping of older switching equipment. The payoff from

having USP is traded off against the payoff from not scrapping equipment"

.already paid for. The scrap value of integral devices for step-~by=-step

switching entities must be close to zero whereas .for peripheral devices,
the scrap value could be substantial since such. equipment could be used

in other applications.

A related aspect of the timing of the implementation of USP is

the matter of upgrading existing service. If the.iﬁtroduction of USP

~involves the phasing out of party lines before a date set in the absence

of USP, then part of the cost of such upgrading represents a cost of
USP. Party lines are still common in rural areas in.
the U.S. - This seems to be one reason why USP. has been implemented in_'

a dense urban area such as New York City rather in less densely settled

areas, Mitchell [1978] reported that New York Telephone estimated that the

cost of installing metering equipment in its large No. 1 cross bar. exchanges

in New York City was about’ $15 per line. Record keeping and billing cost

estimates. were from $.001 to $.003 pef call. -
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The Pulse System of Metering: The European Approach

The institutional setting in which telephone or telecommunications
services generally are provided is quite different'in Europe‘ and ‘much
of the world £from that in the U. S. and Canada., Public ownership is
the rule for the most part outside tgékU.S. and much of Canada. Strangely
enough, thg form which USP is assuming in Europewis quite different from
the form being developed in the U.S5. 1In Europe a billing unit called

a message unit is set and the charge for a call is expressed in so many

message. units. These message units correspond in a rigid one-to-one

relationship to a technical datum called the pulse. The entire telephone

network throbs with these regularly spaced pulses at all times and as

a subscriber makes a call, the number of pulses he "confronts" is registered

in his account. The pulse frequency varies with the distance over which

a call is made and in many cases with the time of day. To bring charges

in line with costs the calibration of the pulse frequency and chargé

per message unit has to be carefully worked out. The system is obviously
technically much gimpler than a measured service system which records

for every call, number calling, number called, time of day, duration,

and distance. It also has the advantage of preserving the privacy of

a subscriber's personal communication network. It has been deemed unsatis-

factory by some U.S. observers because a subscriber cannot verify that

his bill is accurate sinée no detail per call is recorded (see for example
Lichtenwalnér [1980] p.39). Actually for the pulse system, a subscriber
can purchase a device for his handset which records the pulses "incurired"

immediately before the eyes of the user. It would seem that such a device
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could serve quite adequately as a check on the monthly bill. The subscriber
could compare totals but also could, while a call is being made, verify

that the pulses incurred conformed to his understanding of the approximate

: charge for. the call; The segments of the ﬁonthly total could be observed

as they were incurred. Thus it does appear that one can overcomethe

problem of the presumed absence of verifiability -of the subscriber's:

‘bill under the pulse system.

The recent experience with the. pulse system for USP has been
surveyed very well by Mitchell [1979]. Mitchéll's‘survey deals with -
six European countries —~- Denmark, Norway, Swéden;‘Swiﬁzerland;uthe United

Kingdom and West Germany. Some form of local call timing based on the

pulse method or earlier -more mechanically oriented versions of the current

teaﬁnology.hévé been in effect in Denmark since 1950, in the U.K. since
1958, in Finlénd since 1960, in Spain siﬁce~197l, in Norwéy»siACE~l975,
in Switzerland since 1978, and in West Gérmany_siﬁce 1980. Swéden will
coﬁvertlto the pulse system»in 1982, First Wé“sﬁould emphasizé that

the estimated capital cost per line for such LMS and message unit billingA

is. between $4 and $10 in'1978~U.S; dollars. ' Mitchell [1978 AER] estimates

that fuli LMS and AMA along the U.S. model (so-called 4 element billing) -

‘costs bet&een $5 aﬁd $50 per 1ine for électfomgchanigal dffiées (SteP'by—
.étep and_cfbssbar)-and betweeﬁ $2 and $5wfoffe1e¢trdnic switchiﬁg offices..
If detail is not required, theq the pulse method.ié mucﬁ‘éheaper sinde
.erm a_techniéal pqint of view the moniﬁoriﬁg‘méchamism:for call; is

much simpler and the billing‘procedufesAiﬁvol§e énly sumining méssége

units and muitipiying‘them.by the single chosen pricing factor. Since
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we noted above that there are stfaightforward ways. for an individﬁéL

to monitor his personal calling costs under the pulse system, we must
conclude that the implicit "cost" or shortcoming of the pulse system

of USP felative to full 4-element monitoring system is the degree .of
verifiability, theAdegree of flexibility in price setting pef call (e.g. one
long distance call compared with another of a different disgance), and'the'easé’
of monitoring aggregate traffic by the operating company. The qualifications of
the desirability of the pulse-system are all matters of degree and not
basic issues of the relative "capabilities",of one system relative to

the other. The pulse system does preser?e the privécy éf the billed

party and seems more in line with westérn'traditibns of civil rights.

The two major issues facing designers of a puise system are the
timing of the pulse for various calls, and the pricing of the first inter-
val of a call. Subsidiary issues are the pricing of the message unit
an& the organization of calling areas or districts. It turns out that
some pulse systems have been calibrated in practice with a number of °
minutes between cqnséeutive pulses for local calls. For calls éveraging-
three minutes, it bgcpmes a'complicated calculation to arrive at a charge
which refleqts'actﬁal time elapsed.for the call. The matter is made
difficult‘noﬁ only because pulses come in discrete and sometimes relativély
widel& spaced intervals but because as a caller joins the network, he
may make contact as a pulsé just "beats" or on any faction of an interval
between beats. Various averaging or smoothing algorith@s have been.deve—
loped tb bring charges on average in line with call durationm. These

are described in some detail in Mitchell [1979]. With new electronic
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- network are currently at 60, 36, 22.5, 16.3, and 12.8 seconds, also not
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devices available for creating pulses, it should be possible to keep
the interval between pulses very small, and the problems associated with .
discreteness and billing for actual call time elapsed will become of

trivial magnitude. Mitchell reports, however, that the basic‘daytimé

pulse interval in these European systems ranges from 2 to 8 minutes, -

Daytime pulse intervals in the five distance bands of the Swiss trunk - .

t;iQiallysnmll intervals.. Deviées for'generating pulses have been electfo—
mecﬁaniéal. The new electronic pulse generators in West'Gerﬁany-will
provide for intervals'from .3 to 1600 seconds. In one country (Denmark)
dialing and ringing time will be included in the length of a call. A-:
single pﬁlse was often associated_&ith oﬁe local call ip the past and-

this  accounts in part for the_seeming'iong_interval between pulses currently

in use and for the charges per pulse. Figures cited by Mitchell for -

11978 in U.S. dollars have the charge per pulse ranging from a low of

3.5¢ for Denmark to a high of 12.5¢ ihANdrway;

The demarqétion of areas for-idcal calls clearly influences the
quantity of serviée demanded since it is an>indiréct form of pricing
by the operating comﬁany. The desiderata involvéd in arranging thgse
areas include treating éach"cuqum similarly. Pedple.whq.live near boun-—

daries between districts face different outlays compared. with those well

awvay from a boundary. These difficulties can be mitigated‘by delimiting

ovérlappingvlocal calling areas and aééigning’a"particular subscriber

to the area with the central. office which he .is closest to. This approach

has been set out in West Germany and the pattern of overlappihg_areas
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is referred to as a fishscale configuration.

In his investigation of European pricing experience, Mitchell
observed some changes in calling in response to changes in the system
used for charging customers., In January 1975, Norway introduced a periodic
pulsevpricing system for locél,calls made between 8:00 é.m. and 5:00
p.m., Monday through Saturday. After 5:00 p.m. and on Sunday, each call
" is only charged for one pulse. A 500 person survey was conducted before
and after the introduction of the periodic pulse pricing system. Prior
to the changeover in pricing, the average local call was 3 minutes long.
The data show the customary pattern of longer calls by residentiél subscri-
bers (averaging over 4 minutes) compared with calls of business and private-
exchange éPABX) users (about 2-5 minutes). Business subscribers make

more than five times as many calls during the day as residential users.

‘The new pricing scheme (with a 3 minute pulse and a chérge_of
11.7¢ per pulse) resulted in reductions in both the number and duration
of daytime calls by every type éf sbuscriber. Residential subscribers
reduced.the'number;of their calls by 17% and conversation time b§.41%.
Business and PABX use;é reduced the number of their calls ﬁy ;béut 117
and the duration b? 7%, The data indicated that residential and business
customers (and not PABX~ﬁsers) shifted calls to the off peak period,
increasing the number of calls by 8% and the length of calls by 7Z. One
can extend the examination of the impact of a new price system by develop-
ing elasticity measures (see Mitchell's resourceful inquiry). Howevef

one has to keep in mind the possibility of quite different responses
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by subscribers in the short run and long run. One really wants to see

in these analyses careful development of short and long run price elasti=-

citiles.
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GTE and AT&T Experience with Local Measured Service

Senior research officers of two large U.S. telephone companies
(GTE and AT&S) have discussed the transition from a flat-rate tariff
- ‘ N '
to a USP system recently. Cohen and Beauvais [undated] focus attention

on.results from GTE's experiment in Illiﬁois with USP énd Garfinkel and
Linhart [undated] address the issue of assessing the impact of a new

USP. tariff system for local service. Although these papers contain inter-
esting information and calculations, each is writﬁen under the assumption
that USP is being put in place by the respective company and the posture
is one of discussing the merits and functioning of a USP éystem (different
systems seem to be envisaged for the two companies) and not directly

the pros and cons of their form of USP relative to other forms or relative
to a flat-rate system. Cohen and Beauvais (hereafter GTE) reéort that
"the objeétive is to have 907 of the company's customers on measured

service over a ten year horizon". Garfinkel and Linhart (hereafter AT&T)

state: "A majority of business users already have measured service and

the transformation of residential local service pricing is proceeding."
GTE go so far as to indicate that the move to USP is not only for reasons
of efficient pricing and costing of components of their telephone system

but also to develop charges which will bring revenues from "exchange

telephone service'" under to the portion of total system costs attributable ’

to exchange service. It has been conventional wisdom that local telephone
service was subsidized in the U.S. by revenues from other parts of the

telephone system and GTE are explicit on this point.
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:reasonable to predict, even without these documents from GTE and AT&T
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We can use those reports from GTE and_AT&T;tozshad only a tiny
bit of light on the implications of implementiﬁg local measured service

(LMS) since what is reported is part of a program of advocacy and not -

. either an impartial analysis nor a careful prediction of other consequences

of a shift from a flat-rate pricing scheme to one of LMS. What is perhaps

is that charges under LMS-will be set éqvthat in:the mediﬁm—ruﬁ, revenues
will be brOugh;'closér to costs in the relevant sector:of the coﬁpany;

It is not clear that some new forms of éross—subsidization willinqt develop
within the telephone companies, forms of c?ossrsubsidization-involvinéw
local service. However, what AT&T and éTE plan iﬁ the short-iun‘is to

not»have post-USP revenues significantlj'different*from pre-USP revenues

“on average, the average being calculated over subscribers.

The GTE paper reports'on_a.particular éXpefiment with the introduc-
tion of LMS;-while the AT&T paper describes current local calling éharac— 
teristics under.a flaf—ra;e pricing_syétem énd a "black—Box"'computer
prdgfam for estimaqing the effect qf introducing LMS. Thé»partiéular

GIE experiment (2.5¢ of fixed charged per call plus 1¢ per minute with .

a 20% discount for 5-11 p.m. and a 50% discount for 11 p.m. - 8 a.m.

- $3.45 access charge and $19.00 maximum bill) resulted in a 19% reduction

-in telephone usage. There was a significant decline in revenues to the

company and no appreciable improvement~in the load factor. One must

‘keep in mind that regulators placed a ceiling on bill size in the post
LMS situation so that very heavy users were still not induced to curtail

- their télephone use. It was found that 60% of subscribers were able
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to réduce their monthly bill under the LMS pricing scheme but it was

felt that this benefit for these customers was in part a result of an
excessive discount for use during eveﬁing hours. Also, the conclusion

was added: '"from a policy perspective, neither age, nor income,.nor
occupation, nor éducation has been found to have any significaqt effect

on usage.... It reinforces the. economists' position that such redistribu-
tion questions [as those involved in providing low rates for say the
elderly ("lifeline.rates")] are not appropriate topics to be handled

' by the rate-making process.” ' : .o,

In the long run, full or non-optional LMS, is considered to result
in'lowgr usage levels than under a flat-rate system and a substantial
" reduction in switching investment could be envisaged under an LMS pricing .
scheme. In the transition to LMS, new expenses are involved in 1) data
prdcessing,'Z) business office, 3) operator services and 4) measurement
equipment. The following table is instructive since it indicates the

costs which have been found relevant in planning by GIE for LMS.

; Range of Base
Potential Case

Cost Cost

Business Office Start-Up and Training (Per Account) $ .05-$ 2.00 $ .06

‘Business Office Ongoing (Per Account Per Year) $ .50-$ 2.00 $1.02
Measuring Cost (Per Call): ‘ $ .001-8 .006 $ .001
Metering Cbst (Per Line Installed) $ 5.00~-360.00 $ S.OO’
Data System Development (Per Line) $0.75-% 1.50 $ 1.25

Switching Facilities (Per Busy Hour CCS Installed) $25.00-875.00 $35.00
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These costs cannot be allocated by(Eubscriber directly since some are for
the switching facility time. Except for switching facility time, they

are in line with other'estimates. The $5.00 per line for metering is

_on the higher end for EES equipment and on the lower-end:fcr electromech—~

anical equlpment. In some system wide simulations,iGTE contends that
the LMS and automated: message accounting (AMA) is. the efficient priclng
approach when viewed from a medium-term time horlzqn (over which the
costs of LMS and AMA can be amortized). It should be noted that much

of this GIE paper is describing in a few sentences large and'complex

exercises such as system wide simulations. The reader cannot follow

the trail back to determine which assumptions and parameter choices were

crucial for the particular reésults.

GTE investigated subscribers' subjective reaction.to a switch to

 IMS from flat-rate charging. Initial reaction;wes_negative by a majority

of subscribers but when, well into the experiment, it was seen that the

bills for a majority were lower under LMS, about fifty per cent pronounced

‘a preference for the LMS pricing scheme.. Given historical calling patterns,

one would expect 1t qu1te difficult to get a maJoritz in- favor of LMS

since'the minority of very heavy users would vote against the scheme but

also since lower income people have been observed to use the telephone"

more in_hinutes-perAday‘(Mitche11[1978]),:they Wonld iikely vote against
LMS. Since there are more lower income'fanilies‘than higher income;"on~

a straight vote, one would expect a prior1 that a maJority would be- opposed
When one then adds the fact that local serv1ce has been subsidized for

the most part by toll service, subscribers might befwary of voting for
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LMS in the short run, unsure of the charges in the longer run. The problem
with asking people to state their reaction 'favorable' or "unfavorable"

is that intensity of preference is not taken into account. Thus one has

to ask whether certain surveys accurately reflect the appropriate aspects

of the issues being investigated. To overcome some of the deficiencies

of questionnaires, an estimate of the change in producer and consumer

surplus was reported. It was positive, reflecting a welfare improvement

resulting from the introduction of LMS. (Detailed calculations were not

reported.)

The AT&T paper contains a‘sketchy description of a computer program
which is designed to indicate to a local operating company what the impact
of the introduction of LMS will be, primarily on revenue. There are two

aspects of particular interest, largely ancillary to the computer program,

in the paper. First AT&T appears to prefer an LMS scheme of the following -

sort: there will be three charging formulas from which a subscriber can

select. One formula involves a flat rate for local calling. The second

‘formula involves a fixed charge plus a certain dollar value of "free"

g

calls and then a charge per call (weighted by duration). The third formula
is similar to the seéond but with different parameters. Customers can
select the‘férmula they wish to have applied to their usage. Apparently
not all consumers select‘thé least cost offering. This might be more
subtle than at first blush it appears. If 5 customer is uﬁceftain about
his usage, he may choose a formula which permits him to avoid unanticipated

large bills. Thus the choice of formula involves an insurance component

as well as a direct use component -- thg insurance. premium being a charge
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by the company for absorbing the risk of a potentially costly (high aggre=-
gate usage) period. A flat rate transfers the cost to a subscriber. of
bearing variability in his monthly outlays from the subscriber to the

operating company. The operating company them incurs the cost of the

. variability in its aggregate costs of providing service. If each house-

hold's use is not highly correlated with andther'S use, the operating
company can spread the individual variability or act as an insurance
company. Flat rates make good sense. - However, there are significant

differences between average use over households, and flat rate schemes

- involve cross—subsidization of one use group by another. The insurance

element of flat rates becomes a small item relative to the dollar amounts
of cross—-subsidization that 'result from a single flat rate for classes
of users with widely varying use patterns. . Moreover, peaking of aggregate

usage. is a case of an absence of statistical independence among individual

‘households' usage. The operating companies can incur substantial costs

which get passed on to customers of'providing capacity for peak use:

under a flat rate pricing scheme. This lack of independence among sub-

scribers' usage is another point against the seemingly attractive idea

of the operating company as insurance organization.




_73_

It is difficult to view the AT&T LMS pricing scheme as one of
mérginal cost pficing. The GTE scheme with a small fixed charge per
call plus a charge per minute thereafter, both charges possibly varying
with time of day, seems much closer to é marginal cost pricing approach.
The fixed charge per call is associated with the ''demand" for switching

capacity and the charge per minute is associated with variable costs per

call. However marginal cost pricing has never seemed to capture the loyalty

of managers of public utilities in North America in general, say relative

to those in Europe. Elements of ctross-subsidization, price-discriminatiom,

and "income" redistribution have persisted in the pricing of public utilities

in North America, at least until recent years. An actual example of the

AT&T pricing scheme is reported for Juniper, Florida.

Class of Service ' Fixed Charge . Allowance
Flat Rate . $10.95 -
Standard Measured » , $ 9.05 $5.10
Low-Use ' $ 6.90 : $2.00
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Usage Charges:
Distance ' Initial Minute _ Each Additional Minute
Tier 1 $ .05 L
Tier 2 - $ .11 : ~ 3¢
Tier 3 = § .20 | 6¢

Time of Day Discounts.

. selection.

12 p.m. - 2 p.m. weekdays

4 ~25%
5 p.m. - 11 p.m. weekdays and Sunday
11 ﬁ.m. - 8 a.m.. weekdays
-8 a.m. =~ 5 p.m. Sunday- A -1 —50%

All day ' "' Saturday

Curidusly enough, actual selections were 88% for the Flat Rate, 2% for the
Standard Measured and 10% for the Low-Use. Clearly different charge para-
meters in the formulds would lead td quite different patterns of formula-

The second element of interest in the paper, is the description of

use'patterns prevailing under a flat-rate system. We have noted .these

' data. in.our section: Parameters of'thé-TelephonelUsage. With regard .-

to the actual computerized model, we note two difficulties confronting

the reader of the description. ‘The change of a pricing scheme naturally

creates changes in usage. The nature of this change is the focal point

“of our investigation in this study. "Repression' is the name given by

telephone company officials to the reduction in usage resulting from .
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measured:service. The AT&T paper ''repression" seems to be introduced
in.the model in order to bring ontcomes from the model into line with
‘observed results rather than to be based on a priori estimates of'hoqse—
hold elasticities of demand for telephone usage with respect to price.
Secondly, the interesting question of how different pricing schemes affect
non-local calling patterns is completely obscured by the p;ocedure of
Aattributing to a subseriber usage based on the average of all subscribers.
Again insights with regard to possible elasticities cannot be drawn from

the report.

v

"In another AT&T study (Infosino [1980]) of exchanges with no

EAS and only flat refes, it was found that usage was independent of income.
In fact pther demographic characteristics also had little relationship

to usage (i.e. sex of household head, age of household head (people over
65 used the telephone less), duration of residence in the area, education
of household head). A model was derived for use in predicting local

residential telephone usage of ‘the form

Call Raﬁe = -1.34 + 1.10 x (Number in household) + 2.30 x (Race

dummy variable) + .000204 x (density of phones in the

area).

This model was derived from data for 10 exchanges in each of Cincinnati and

California. The basic 'area' in the study was a local exchange area or

"wire center". Calling rate was defined as total local calls in an exchange

divided by the number of households; per unit time.




PART III

Econometric Analysis of Local Telephone Pricing

Introduction

If it were costless to charge for local telephome calls by duration,

distance and time of day, and if the sole consideration in designing Price

: : : Y . . . e e
'systems for local telephone calls were economic efficiency, then it ‘is un—

~likely that we would ever obsérve flat-rate pricing. Usage-sensitive pric-

ing would be the norm for local telephone service, as it is for most services
providéd_through the market system. In the real world, however,»theie are.

at least three reasons why flat-rate pricing may-be preferable to usage-—

- sensitive pricing in certain circumstances. Whether these circumstances in-
fact prevail is a question which can possibly be. answered by econometric -

~analysis.

The first reason why flat-rate pricing may be socially optimal is' that

'measﬁring local telephone usage, and billing for it, is costly. By charging

'a price close to marginal cost, rather than a price of zero, people are

induced to forego making phone calls the value of which, to them,:is less than
their marginal cost. This should increase the sum of producers' and consumers'
surplus, by an amount equal to half the reduction in the cost of providing

the telephone service, in the case where the price charged is actually the

marginal cost and the demand curve is linear (see Mitchell [1978] and the

chapter By Mitchell in Baude et al. [1979]). But whether this gain in effi- -
ciency is great enough to offset the costs of measuring énd'billing for
local telephone usage is cléarly an empiricai question. If charging for

local phone calls has no effect on consumers'AtglePhone usage; or if that

 effect ‘is relativeiy small, then the costs'of usage—sensitive'pricing will

exceed the benefits. Thus the first question that one would want to answer

-1-



by econometric methods is: how responsive is the demand'for local phone

calls to the price (or system of prices) charged?

A second reason for retaining flat-rate pricing is that it may serve,
to some extent, as.an insurance policy. The number and duration of local
phone calls that people make may be, in some cases, largely determined by
random events which vary from month to month. Under a system of usage-sensi-
tive pricing, the Tocal phone bill will also vary frOm month to month. If
people dislike such variation,” they would presumably be willing to pay
more (on average) under a flat-rate system than under a system of measurea
Tocal service. The additional amount they are willing to pay is a measure
of the ihsurance value of flat-rate.pricing, and this amount should be
' édded to the costs of switéhing from flat-rate to measured service. Whether.
this argument has any empirical validity, énd just how great the insurance
value of flat-rate pricing is, can in pfincip1e be ascertained by empirical

econometric work.

Finally, even if there is a non-trivial efficiency gain from usage-

sensitive rather than .flat-rate pricfng, politicians might still brefer

the latter because of its distributional consequences. Economists generally .

argue that distributioné] considerations should not be alldwed to stand

in the way of economic éfficieﬁcy, on the grounds that it is far more
Effectivé to transfer income directly than it is to subsidize the prices

of goods which are’disproportionate]j consumed by groups considered worthy /
" of subsidization. Neverthe]ess,'it ﬁs possible that if certain groups suchl

as the pdor, the old and racial minorities make substantjally more use of




" the 10ca] telephone system than average, and if it woqu be po]1t1ca11y

difficult or impossible to offset the. d1str1but1ona1 effects. of a change
1n'the pr1c1ng system by direct transfers, then there might be an‘argument

for retaining fTat~rate_pricing. Once‘again5 whether this sort of argument'

has any validity is first-of all an empiricaTAQuestion.h

Existing empiricaT-work has not‘answered al] of the’above'questiohs '

' satisfactori]y No work at all has been done in Canada, and not very much
" has been done in the Un1ted States Neverthe]ess, existing work does prov1de

.‘some useful 1nformat1on The GTE measured service exper1ment, analysed in

a number of papers including Park and wetzeT-(1980) and Park et aT (1980),;

4i'has certa1n1y estab11shed that TocaT teTephone usage 1s sens1t1ve to pr1ce
- When peopTe have to pay for Tocal phone caTTs, they make fewer of them, and.
~when they have. to pay more for Tonger calls, the ca]]s they make are. shorter;
_ That is exact]y what any. econom1st would expect Unfortunately, the GTE

:'results do not allow one to say w1th any conf1dence by how much local tele—.

phone usage woqu drop 1f one sw1tched from fTat rate pr1c1ng to. a usage-<

sensmtjve scheme that,d1d»not cToseTy;resemb1e=the;one used.in ‘the exper1-

' ment;hThat point will be taken up again beTow;

In add1t1on, both the GTE resu]ts and 1ndependent work using A T.&T..

data (see Brandon (1981) and Infos1no (1980)) make 1t qu1te c]ear that TocaT;

"telephone usage does depend on demograph1c character1st1cs, eSpec1a11y
on the s1ze and age- compos1t1on of househo]ds and on race. At the same time,
:'any systemat1c var1at1on in teTephone usage is swamped by random var1at1on

© across househo]ds, so that subsidization of Tocal -phone calls is a very

J

" inefficient method of redistributing income.
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Estimates of the Effect of Price on the Demand for LocaT Telephone Services

There are at least three different types of data which can be used tb'
estimate the éffect of price on the demand for local telephone calls. The
most elaborate and .expensive approach is to use data'for individual firms
and/or households. Such data can be gathered by-combining survey data on
household characteristics with data on the number and duration of Tocal
phone'ca11s obtained as a byproduct ofgdharging for local phone calls. In
the' case of the GTE experiment, household data were obtained both before and

after Tocal measured serviée went into effect, so that changes in the demand
| for Tocal phone calls between the two dates can be attributed to the effect
of priées; In the future, as more and more telephone companies in the
United States adopt various forms of usage-sensitive pricing, it should be

possible to obtain data for households which facé'a wide variety of pricing

systems, by administering surveys and gathering related usage data in a number

of different 10ca11ties. However, the cost of obtaining, managing and anal-

yzing this type of data can be very large. .

. A-much less expensive approach would be to use cross-section data where

the units of obserygtion are municipalities or, perhaps, té]ephdne'exchanges.

“So far, to my knowledge, ho studies using data of this type have been per-.
formed.'However, within.a few years it should be possible to find a wide
variety of te]ephoné pricing schemes within North America. Gathering data
on total fe]éphone usaée (number of calls or number of minutes) should be
easy enough for thé.te1ephone companies, and demographic data can be taken
from the census. While this sort of study clearly could not answer any
végy precise questions.about-1oca1 telephone usage, it might we]] be able

to provide reasonable estimates of the-extent:to which aggregate usage

3
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responds to price in the long run. That of course is precisely what we need

~ to know to decide whether the efficiency gaihs from usage-sensitive h%icing

. exceed the costs.

Another relatively inexpensi?e-approach is to use aggfegate.time-seriéé
data. Suppose that one can observe telephone usage data for an entire commun -

ity on a weekly, daily or even hourly basis. over a period of several years.

Suppose further that the system of local telephone pricing changed substan-
v:tia1Jy during;thaf:period; Then it should be straightforward to'éstimaté. :

2 tfmegseries model which explains the pattern of day-to-day or wéek-to-weék _

fluctuations in te]éphone usage, first for the period priar to the price

system Change, and then for the period after the change (perhaps drdpping a 

“‘month or-two in the middle to allow consumers to adjust to: the new system).

' Any differences between the estimated levels of telephone usage between the

J-twdtmode1S-(adjusting for trend effects, if any) could then be ascribed to

the effect of the price change, and confidence bands could be constructed

in a straightforward way.

Exactly this"approach_has‘been used.by Jensik (in Baude et é].’(]979));

using monthly data from the GTE eXperiment.{He concludes that meaéuredr

- service reduced local telephone usage by about'TQ.per cent. A slightly
» diffekent approach has been used moresreCehtTy'by‘Wi]kinson (1980); He con-,

structed time-series models uéing month]y_data;_but.estimated them over -

the whole period of the Samp1esvputting‘in a}dummywvariable‘tolacc0uht

for the change in pricing system. 'His conclusion was that measured ser-

vice reduced local telephone usage by about 23 per cent. The use Of’dummy




variables in this context is rather dubious, since a change in the price
system could be expected to influence more than just the mean of the depen-
dent variable. But it is unlikely that the results would change much if a

more general specification were used.

The basic problem with the Jensik and Wilkinson studies is not that
their assumptions are dubious, but that the data they use are fundamentally ;
Timited. Jensik's estimates seem more consistent with those of other studies
than Wilkinson's, so we shall, for the moment, accgpt that they are true.
Like any éstimated quaﬁtitiEs, they are actually somewhat impreﬁise, but
that is not the source of the difficulty. Thus Tet us accept as a fact
' Jensik's:estiméte that charging 1.5¢ per minute instead of zero will cause

a reduction of nineteen per cent in the number of




minutes of local phone calls, for households with single-party service,
in certain small I1linois communities in mid-1977. Let us make a further
leap of faith and assume that these .communities,*so: far as their use of

the 1oca1‘te1ephone system is concerned, are tybi¢a1 of North America:as

‘a whole, so that Jensik's estimate of the*"vepression" associated with a

charge of 1.5¢ per minute may be taken as gospel.

Unfortunately, estimates of this type tell us very little about the
demand curve for local telephone services. Suppose, for example, that we
wanted. to know the effect of charging 3. O¢~pen“minute Then. all we can.say .

for certa1n, based on Jensik's "fact", is that demand w111 fa]] by not 1ess

than 19%, and by not more than 100%. Similarly, if we wanted to know how
much demand would fa]] if we charged 0.75¢ per m1nute, all we cou]d say fori" '

»'certa1n is that it wou]d not fall by more than 19%, and sure]y would not:

rise.

“To see why this is so, consider Figure_]ﬁiJensikfs "Fact" allows us to

observe two points on the demand curve for minutes of local phone Ca1ls*
(P ,QO) and (P],Q ) Here PO is zero, P] is 1.5¢ per m1nute, and’ Q] is 19%

A]ess than QO But there is an. 1nf1n1te number-of ‘demand curves whxch pass

through the points (P ,QO) and (P],Q]), three of these curves,: Dy, 02 and -

.e 03, ‘are shown on the figure. -Jensik's “fact" does not al]ow us to say-
-fiwh1ch of these curves (if any of them) is the true demand curve " Now that
‘does not matter if we are s1mp1y.1nterested 1n what happens when we charge
' prices.PO.nr-P]; But if we nant td_kndw what wiT] happen when we charge,

'say,sz,on'PB, it obViouE]y makes an enormouShdifference.which demand curve
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is the true one.

This point applies not just to Jensik's study, but to any study, . based

on either aggfegate time-series or disaggregate (household or firm) cross-

section data, where the only variation in price comes about because of a

" once-and-for-all change in the price” system. -Such studies may allow us. to

estimate.with great precision the effect of that particular change, but they

do not allow us to say anything at all about' the . . demand curve.

In contrast, consider Figure 2. Here we have managed to obtain five

points on the demand'curVe;‘(PO,QO) through (P4,Q4), Now there is no guar- |

anfee that the demand_curve'is actua]]y‘D], which seems to fit‘these points:
rathér wél]. It might, conceivably, be.as stfaﬁge—looking as DZ? although
common sense suggests that Dz_is a réther-un1ike1y candidate for a demand
curve. But whatever the true demand curve is, it.certainjy'does.noﬁ pass
through points such as A and B, where both.prfCe and quantity are greatér
than, or less than, price and_quantity at one ofithe points which is on thé
curve; the fact that demand curves glopéﬁdownward sees to that;‘Thus.ff»we
are to be ‘able to egtjmate demaﬁdvcurveé_With_ény'preéision (as dpposéd to
simb]}.points on those_curves), we must have accessvto data in whiéh price .
takes on several different values in the range that is of interest to.us.
Such- data may -be hard_to_obtain in-a measured serVice.experiment cénducted:
in jusf one‘community, because coﬁsdmers.and régu]étory commissions are,'

unlikely to be in favour of either.charging di fferent pricés to different

‘consumers, or making frequent changes to the prices charged everyone. This

suggests that cross-section data from-a number of communities, either at
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the aggregate level or;=if~sufficient resources are available, at the f{rm
or household: level, offer the best hope for est1mat1ng demand curves for

Tocal telephone services. Unfortunately, such data are not 11ke1y to- be

available for a few years, 51nce it w111 take time to 1mp1ement the d1ffer1ng'

-usage-sensitive pricing schemes wh1ch are current]y be1ng proposed in the

United States.

-What is probably the best currently available study of the effect of.
price on the demand for local telephone services _= Park and Wetzel (1980) --
does not have particularly good data to work with. The GTE experiment

involved three separate communities, and total monthly usage by households .

.with"singTefparty’and mu]ti—party service are.aVaT1ab1e‘for each of them.

During thefinit1a1~period.of the experiment, there was no charge for local

phone calls. From mid-1977 until ear1y‘1979,ftwo:different‘sing1eeparty .
tariffs were in effect: in one.oommunity there was a-charge of Zd per
call plus '1d per minute, whi]e-in'the other two communitfes'there
was no- per—cal] charge and a charge of 1.5¢ per minute. After m1d 1979
a11 commun1t1es had a charge of 2.5¢ per call ‘and 1¢ per minute. Thus A
three d1fferent-per call charges (Zero, 2¢ and 2.5¢) andithree different
per minute charges (zero, 1¢ and 1.5¢) were observed; in four different

combinatiohs While this amount of price var1ab111ty is far from 1dea1

it does offer some ‘hope of be1ng able to estimate at. least part of a

demand curve, and of be1ng ‘able to separate the effects of per—ca11 and

per-minute charges



-12 -

Like Jensik (1979) and Wilkinson (1981), Park and.Wetzel>(1980) use
'monfhly time-series data. Uniike the -former authors, however, 'ﬁafk and
Wetzel estimate a:multivariate mode],'diéaggregating~the”data by telephone
exchange (Jacksonvi]]e;,01inton and Tugcola, the three different. towns

in which the experiment took place) and by type of service (single-party

and multi-party residential). The presence of multi-party service complicates

the. model, because this type of servicé remained on a flat-rate pricing
system throughout the experiment, and Park and Wetzel suspect (correctly, as
it turns out) that there was some substitution from single- to multi-party
service. This could happen either‘because people actﬁa]]y switched from |
one serviﬁe-c]ass to the other, or because calls between single-party and
,multi-parfy sﬁbscribers would almost invariably be initiated by the latter
to avoid usage charges..One of the objectives of the Park-Wetzel study is
to estimate the actual repression effects of usage-sensitive pricing separ-

ately from its effects on substitution.across service classes.

The model used by Park and Wetzel to explain single-party usage can be

written as follows:

Ujp = o5 * By * exp(—nCPC’it_- nMPM,it? * EXP(-SCPC,it . GMPMgit) bl

where Uit is usége in eXchanQe.i during month t, usage being defined either
_ as number of calls or as number of minutes; ¢ and B, are constants which
vary across exchanges and across months respectively; and have to be estif
mated; and PC,it and PM,it are the prices of calls and minutes respectively
in exchange i at time t. It will be observed that in this mode]{nC and'nM

- cannot be identified separately from GC and SM._That is made possible by the
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equation to explain multi-party usage. Without going into details, We can

write the latter as -

- % * . . . |
Ugp = ovy T By 9yglags vy mype Syg)d *vgge

The function 95t in the multi-party equation is such?that the increase in

multi-party usage as a result of price changesvis exactly equa1'to‘the fall

in singie~party usagé - through the second pr1ce term in the s1ng1e~party

equation. Thus if GC and GM were zero, there wou1d be no increase in mu1t1-

 party usage.

Using both calls and minutes data as the dependent variabTes Park and
Wetzel. est1mate the six- equatlon system descr1bed above by a. vers1on of
mu]t1var1ate generalized least squares. They allow for contemporaneous

correlation of the error terms across exchanges and service classes, for

3 seaSona1'hetekoskedasticity; and for a form of first-order serial correlation.

Assumfng that their modei_is cofrect, thefestimation-procedures they use

are-certain]y satisfactory;

 The results of-Park and Wetze1 are quite consistent with those of Jensik
and:Wi1kjnson They find that the tariff current]y in effect in the three test .
exchanges (P =2.5, P —1 0) reduces the number of ca11s by 14 5% and the

‘numbey of m1nutes by 18. 8% compared to_flat-rate pr1cang..0f these reductions,
2.1% and 4.4% respective1y are accounted'fof by-substitution'between'sing1e-

. party and multi-party usage Thus the actua1 repress1on effect of usage-

apparent]y

_sens1t1ve pr1c1ng is somewhat less than- ear11er stud1es had suggested

: Although no standard errors _are attached.to these est1mates, the~t-statistics

on the parameter estimates from which they-are derived ‘suggest that they are

really quite precise.
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A]though the Park-Wetzel estimates are, probably the best cdrrent]y
available, ﬁheir study does have .a number of deficiencies. They apparently
use nominal prices throughout, despite the fact that their data cbver 52
months of'the late nineteen-seyentief: when the general priée Tevel was
rising rapidly. Economic theory suggests that prices should have been
deflated by some general price index. Doing so would give the price series

a little more variation (which would certainly be desirable in this tase),

and would probably increase the estimates of how much usageé responds to

price. -

Another serious deficiency of the Park~wetze1.study is 1its treatment
of time-of-day discounts. The GTE experiment offered customers a 20%
diséount during the evening and on Sundays, and a 50% discount at night.
This fact was ignored by Park and Wetzel; who simply used daytimé
rates in their equations. Repression wou]d'presumab1y have been greater if
no time-of-day discounts had been available, so Park and Wetzel's estimates
are presumably too small. It would be very difficult to quantify this
“assertion, however, Bécédse of the way the experiment was designed; since.
diséount rates were a sét percentage of.daytfme rates, there is no jndepen—
dent variation in the two series. Some light on this issue is shed by
Jensik (1979), who notes'that the.reduction in telephone usage during
-diséount”peridds was almost identical to the reduction during non-discount
periods. The most plausible explanation for this appears to be that-usage
during discount periods is more price-sensitive than during the daytime,
and.that there may be éome substitution between high and low cost calling

periods. Since any usage-sensitive pricing scheme that is intended to set
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': prices near marginal costs .must invkoeitime-of—day pricing, it would clearly

be of ﬁnferest to estimate:demand equations by time of day, allowing for
substitution across calling periods. Unfortunately, this would not seem to -

be possible with:the GTE data.

~ The major deficiency of the Park-Wetzel study is that the model used -

is never adequate1y tested. Conditional on the functional form employed,

estimates of how much usage responds to price are remarkably prec1se, Sus-

- perhaps,
p1c1ous1y so, in view of how little pr1ce var1at1on there is in the data.

Before qs1ng-those estimates to forecast the effects of prices d1fferent_
from -those obsérved during the experiment, one should -do everything]posg§b1e~
to verify the validity of fhe funcfiona]ifonn;‘ForAexamp1e, one could

estimate several alternative models with différent functional forms for

the effect of'prices If any of these alternative models fit as well as or

substant1a]1y

‘ ,better than the original, and hadYdifferent 1mp11cat1ons as to the effect

.of prices outs1de the observed range, then one would have to y1ew the original

model with great suspicion. My belief is that this would a1most'certafn1y

-occur, since the fundamental problems of demand curve estimation,; which were

discussed above ‘and 'i1lustrated by Figurésl1 and 2,*'apb1y with almost as

. much force to the work of Park and Wetzel as they do to- that of Jensik and.
Wilkinson. In the absence of observations on prices over the whole range of
" interest, ' demand curves can never be estimated with any degree of confidence.

" This fact shou1d always be borne in mind‘by the readers of studies like -

that of Park and Wetzel.
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Some evidence on what happens to te1ephone usage at much higher prices
than those charged in the GTE expériment is provided by Wong (]981); During
1969 and 1970, Mountain Bell of Colorado offered a service caf1ed METROPAC,
'which allowed custdmers to pay a fixed charge and make an unlimited number of
ca]T$ within én extended calling area. In 1971 this service was dropped,
and replaced by a revised service wiﬁh a lower fixed charge, a sixty minute
per month free calling allowance, and a charge of 8¢ ber minute beyond the:
'free'ailowance; For custdmers who chose to subscribe to both of these'ser-
vices, Wong ;ompared the emp{rical distribution of cé]]s and minutes under
the two different tariffs. He found that the mean number of calls dropped by
63.5% and the mean number of minutes dropped by 76.7% after the introduction

of measured service.

Wong's datq are far from ideal for estimating the impact of measured
service on local telephone calling. They exclude customers who did not find
‘it worthwhile to subscribe to either plan, presumably because they made few
phone calls outside their local area and within the extended area. They
also exclude customers Wﬁo found it attractive to gubscribe'to one plan, but
not to both. Moreover, calls withiﬁ an extended calling area are somewhat
different in character than many local phone: calls. Nevertheless, Wong's
study is the only one which considers such a large change in price, and for

that reason the results are of interest.

The U.S. CPI rose by 53% between January, 1971 and July, 1977. Thus
a charge of 8¢ per minute in early 1971 is roughly equiva]enf to’a charge

of 12¢ per minute at the time the GTE experiment was undertaken: According -
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to the Park-Wetzel estimates, a charge .of 12¢ per minute (with no per-call
charge) would reduce the number of calls by 47.1% and the number of minutes

by 68.4%. These may seem like rather large reductions, but they are actually

-1éss‘thah those recorded by Wong. Thus, althoughﬁthe:estimétes of Park and

Wetzel cannot confidently be used to forecast usage changes for prices
outside the range they observed, Wong's re5u1ts do at least suggest that

they have not over-estimated the repression effect of large price changes.

'DeméndiEstimates Based on Househo]d"Data:

If one is simply interested in the effects of price on local teﬁephone '

usage, there is no need to.utilize data for individual households. Time-series

~data such as those used by Park and Wetzel and, in the future, aggregate

‘cross-section data, should be more than adequate for most purposes, and far

cheaper to obtain and analyse than individual househo]dAdata.“HoweVer, there

are some questions which are hard to analyse without access to the latter.

_The ]argest ex1st1ng study using househo]d data is described. in Brandon
(1981). Data were obta1ned from several surveys of A.T.& T. customers in.
Chicagp, random]y selected from certa1n exchanges with modern sw1t¢h1ng
equipmént, so that it was relatively inéxpenéive to measﬁre telephdne usage.
Chitagb:alfeédy_has a fqrm of Tocal méasured'serviée; with»per—caT1AbUt'not
peh;minutéAqharges, but‘theSe charges did not vény across the Samp1e.(except
1nsdfar as different custq%efs have chosen -di fferent service p]ahs,'with

di fferent. fixed charges and numbers of "free" mesSége units). Thus Brandon

and her co-authors are not concerned with the effect of price on local
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telephone usage, but simply with the effect of 'different household charac-

teristics.

-~ The Brandon study does not contain many results of much economic interest.
There 1is apparent]y enormous variation in telephone usage across households,
a rather small part of which (no more than twenty per cent) can be explained
byAhouseho1§ characteristics. Blacks seém to make more local phone calls
than whites, but fewer calls to the suburbs. Larger households make more
calls than smaller households, and'househo]ds.ﬁith ﬁeenage childrén make
more calls than househo]ds of the same size without them. There is little
relationship between Tocal calling and income, although wealthier households

do make more calls to the suburbs.

The major contribution of the Brandon book, in my view, is its discussion,

in chapters 2 to 4 and 11, of the practical issues of designing a survey to
study local telephone usage,.and managing'the data collected in an effective
manner. Anyone who imagines that this type of study can be completed quickly,
cheaply and without a great deal of effort on the part of a team of 5evera1

people, should certaiﬁ1y’read this book. .

The study by Infosino (1980) is rather similar in spirit to the Brandon
book. It uses survey data from California and Cincinnati to estimate models
of local call demand. Once again, there is no price variation in the sample.
Resuits are by no means identical to those in Chapter 6 of Brandon (1981),

but are in many respects qualitatively similar.
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The only available study:using_hoﬁsehold data which is designed to .
stﬁdy thé effects of ﬁsage-sensitiye;pricing_is the_papér by Pérk~e£.a1.
(]980), which uses data from the GTE expefdment. Observations arétavailable
on 641 hduéeho]ds'for-six.sepdrate montﬁé, three ﬁﬁder the old f]ét—rate o

tariff and three, one.year later, undér_the méasuréd rate tariff. Theimodel

~ that Park aﬁd his co-authors estimate is

27 _ N
()77 = w28 * TylZjad +uy + 0Ty + egye

»HerefCit is the number of calls byAhOUSéh01d i in month t, ZT fé a-yector\'

of demographﬁc'variab1es aSsociated with household i;(iht]uding a constant
term), It is a dummy variéb]e which takes on the value zero_in'months when the.
flat-rate tariff was in effect and the value one in months when the measured

are error terms.
; j¢ are error tems.

This is a rather sophisticated model, and several features‘ére.worthy

of note. First of all, the dependent variable is raised to ‘the power .27 in

. ordér to make the error terms'rough]yvsymmefric. Household data_on.telephone

usage, even conditional on exogenous variables, always exhibits marked skewness.

Since'this is not satisfactory in a regréésion model, it must be eliminated .

. somehow, and taking a power: transformationgbf thefdepéndent variab1e is a
popdlar approach.'ln principle,.th{s transfofmatiqn,shohld'be estimatéd'a1ong
‘with the<other'parametersﬂdf the model, but that requires use‘ofuméXimUM-

TikeTihood estimatiqn,'Which'foF thé-typefof”modeT dealt with here would be

extremely expensive. Thus Park ét.a]..appéar‘to have picked the number:.27

on the.baéisAof earlier work, and do not eXp]fcitTytteStVit (a1th¢ugh~they

- provide some evidence to suggest.that it is satisfactory). In contrast,
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Infosino (1980), used a value of .5, and Brandon (Chapter 6 in Brandon (]981)).

used a somewhat approach which we will hot discuss here.

| The second interesting feature of the Park et al. model 'is that different

households are allowed to respohd differently to the imposition of 1oca1
measured service; even the strucghre of the error terms is a11owed to change
This sort of specification is qu1te unusua1 in regression ana]ys1s, and is
made possible here only by the large sample size. Park et.al. find that

differént households do in facf respond differently (restrictions that they
| respond in the saﬁe way-- being sternly rejected), wifh large users reducing
~ usage by more, even in*percentage terms, than small users. As a result, most
of the overall reduction in usage is due’ to reduction by the larger users.
‘This implies. that opt1ona] measured service plans may be relatively 1neffect1ve
1n cutting aggregate telephone usage, unless the optional fixed rate is so

high that very few users choose to opt for it.

The study'by Park'et. al is a fine piece of work, but it does leave many
questions unansweredi and the methodo]ogy could not necessafi]y be transferred
to.other data ‘sets. fike-densik and Wilkinson, Park et.al. simply model
the. effect of a once-and-for- a11 change in pr1c1ng reg1me, their results te11'
us almost noth1ng about demand curves for local telephone calls. More'funda-
mentally, they implicitly assume that telephone customers have no. choice as
to ihe pricing regime tﬁeyvface.' In the case of the GTE experiment, that is
probably nof a bad assumpfion, although it is not strictly true. When the
pricing regime changed, customers could choose to disconnect their phones, or

to change from single-party to mu]tf—party service. In addition, since the

o




regulatory authorities imposed a cei]ing. dhwﬁhe‘month]y bill, extremely
1arge.eustomers-sti]1 faced a marginal cos#lof,zero.:CustomerS»in-the first
two eafegohies wqu]d.not be included.ih the sample used by Park et al.,
imp]ying‘that-the samh]e could not be entirely random. Extremeiy 1arge'
customers would be included in the sample, but since marg1na1 phone calls .

cost them noth1ng, the model used should not have app11ed to them

In principle, a model of telephone usage'by households sh0u]d estimate

~choice of pricing reg1me and usage simultaneously. At the very 1east househo]ds

a]ways have two ch01ces to have a telephone, or not In North Amer1ca, .
a]most everyone chooses to have a telephone, and it may be empirically va]1d

't0‘1gnore‘those who do not. In other parts of_the.wor]d, on the other hand;

many households choose not to have telephones,‘andxa Change in the pricing d

system might,signifﬁcant]y_affect this. choice, and hence affect the.characf

‘teristics of those with»te1ephdhes, Under many existing and broposed measured

service schemes in the United States, customers can choose from two or more

different tariffs. For example, one tariff might jnvo]ve a high fixed.

~ monthly eharge‘and‘no;charge for local calls, another might involve a lower

fixed charge, a certain free allowance of message units", and a charge

- for ca]}s beyond'the free allowance, and a third_might‘involve'a very.low\z'

fixed charge.coupled with charges for:all qa]]s._OBViOUs]y custbmehs wiT]:

not'a]]ocate themse1ves;randdm1y-achoss these different ‘tariffs. Those who

‘expect to make the most calls, and/or those who p1ace the highest value on

a phone bi]]'that does not vary from month to-month, would be most 1fke1y

. to choose the first option; while those who expeCt'to make the fewest ca]ls

would be most 1ikely to choose -the last. Any. analysis of usage data which
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does not'explicit1y take into account this endogenous choice by customers

is 1ikely to yield biased and inconsistent estimates of the parameters of

interest.

To our knowledge, no study has yet been done to examine choice of tariffs

by customers, either by itself or jointly with equations to explain usage.

Designing such a study would be a major exercise, even if adequate data were

readily available. It would be attractive to derive both choice-of-tariff and

usage equations directly from a utility-maximizing framework (with uncertainty

exp1icit1y hode]]ed, of course), but that would be a non-trivial exercise.
On the econometric side, the invariably observed skewness of usage data
would have to be dealt with, since existing models of discrete choice
always assume normality or some other S distribution'which is quite
different from what we observe. It is conceivable that an explicit
utility-maximizing model might actually explain skewness (if, for example,

a symmetric random variable entering the utility function in a certain way
resulted in a skewed distribution of usage), but that is just a conjecture

at this time. Thus apblied work on the determination of tariff regime and

usage'by households would appear to be on the frontiers of existing economic

and econometric theory.




- 23 -

Will UsageaSensitive-PriCing ng for Itse]f?

One,of the principalfreasonSFfor interest in the price-sensitivity
of local telephone calls, is that charg1ng for them is not cost1ess If
consumers are not very sensitive to price, the 1ncrease in the sum of con-.

sumers' and producers surplus that results from usage-sensitive pricing

- will not be great enough to offset the costs of that pricing~schemé. In

this section, we use the estimates of Park and Wetzel to shed Tight on: this

. issue.

In its simplest form, the demand curve emp1oyea by Park and Wetzel

may-be written as

Q= pe P

~where Q is total conversation time (in minutes per month, say), A is a

cOnstént‘whfch may - vary ffom month. to month, P is’the prjce in cents per
mfhute (the:additiona] comb]ication of per-célT és‘we11'as per-minute pricing
will be jignored here), and n is a.barameter The éstimated value of n,
accordlng to Tab]e 2 of Park and Netzel, is. 096 however, since the1r

study used data from 1976 through 1979, that est1mate should be adjusted
downward to allow for inflation. On the other hand, there are some reasons

to believe thét the Park-Wetzel estimates may be too low. Ne.shé11 therefore

usé several values of . 7, rangingffrom»LOG,tO'f10 .

The area under the above demand curve s

-nP +:. PA e-nP_

H]

(A/n)é

the first term is the integral with respect to price (triangle (:) in Figure
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3), and the second is price times quantity (rectangle (:) in Figure 3). The
total cost of supplying Q minutes of local phone calls is assumed to be
CQ, where C is the Tong-run marginal cost in cents per minute. Thus the sum

of producers' and consumers' surplus is
(A/n)e™ + pPae™P - cae™P,

Ecbnomic theofy tells us that this will be maximized when P = C, somefhing'
which is easily vérifiedvby differentiating the above expression with
respect to P, setting the derivative équa] to zero, and so]vfng for P.

What interests us here is to find out how much this expresgion will diminish
when P is.set equal to zero instead of to C; the difference puts an upper

bound on the billing and méasuring costs which would be acceptable under

Tocal measured service.

In Tab}e 1,‘we tabulate the sum of consumers' and producers' surplus
for P = C and P = 0, and the difference between them, for C = 1.0, 1.5,
2.0, 2.5, and 3.0, and for  p= .06, .08 and .10. Since all quan-

tities are proportional-to A, we arbitrarily set A equal to unity.

The results in Table 1 are quite striking. The surplus gained from
usage-sensitive pricing varies from .0294 cents : if the cost
per minute is only 1¢ and n = .06, to .4082 cents if the cost
per minute is 3¢ and n = .10. If households make local phone calls totalling
(so that A should be 360 instead of 1;.
about six hours per monthY see Brandon (1981), page 105), then the potential
efficiency gain per household per month varies from 10.6¢ to $1.47. These

figures_shoqu.be_compared with the costs of usage-sensitive pricing, ac-

curate estimates of which do not seem to be avajlable.
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Figure 3

Quantity
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Table 1

Efficiency Gains ‘from Usage-Sensitive Pricing

L 0 Surplus if P =0 Surplus if P =C"~ Potential Gain

1.0 .06 15.6667 15.6961 .0294
. .08 11.5000,, 11.5390 .0390
.10 9.0000 9.0484 .0484

1.5 .06 15.1667  15.2322 0655
. .08 11.0000 11.0865 - .0865

.10 8.5000 8.6071 .1071

2.0 .06 14.6667 14.7820 .1153
.08 10.5000 10.6518 - .1518

10 8.0000 8.1873 .1873

2.5 .06 14.1667 14,3451 .1785
.08 | 10.0000 10.2341 . 2341

.10 7.5000 7.7880 - .2880

3.0 .06 13.6667 13.9212 .2545
.08 9.5000 . 9.8328 .3328

.10 7.0000 7.4082 .4082

Note: all figures are in 1981 cents, with demand curves normalized so that
usage at a price of zero is one minute per month.

. »
. . [
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The preceding exercise is by no means definitive, since there is no

reéson to believe that the form of demand curve used by Park and Wetzel is

" correct, or that what was true of small I]]inois‘commﬂnities in the late

1970's will be true of all Canada in the ]980f§, One major problem is tech-
no]ogfcal change. it seems-extremely‘likely thaf inhovative prodﬁcts (home
computers, videotext, electronic banking, etc,) will great1y increase the
demand'for-loca1~phohe calls. It-a]so'seems 1ikely that such demand#f,

will be relatively price-elastic. If so, all ‘the evidence gathered so far

- will soon be obsolete, and the potential gains from usage-sensitive pricing . .

'will be greater than. those shdwn in Table T.

Conclusions _ A |

Not a great deal dis yet known about the demand fordeca1 teTEphoneb
services. As time ﬁasses, more data fromithe United States should become
avai]ab]e, and more ‘studies should Be Comp]eted.uéingAthose data.'That

fact,'coupled with the‘potentia] for technical. change to make anyj;tudy

obso]ete in short order, suggests that there would not be much point per-
 forming a measured service expehiment in3Canada..If such an experiment

. were to be performed, it should bg:cakeri]yfdesigned; In particular, it

is important'to confront telephone customers with several prices over the
range of interest, if demand:éurves are to be éstimated With any degree of

confidence.
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Concluding Remarks

We have reviewed theoretical, practical and econometric aspects of
telecommunications services pricing. The particular aspects of telecommuni-
cations services pricing which make the general matter complex are jointness

in production of services, heterogeneity of joint:-input,; increasing returns

to scale, network externalities from increased network coverage and peaking -

of uses. Also of particular importance is that the telecommunicatiops
industry has a very mixed market stfucture with the principal sﬁppliers
being regulated privately—owned firms. However, government firms and unregu-—
lated private firms also play an.important role. Designing formulae for

. charging or price for services‘is from a practical point of view so diffi-
cult ﬂecause the industry is experiencing such sigﬂificant technical change
on the supply side and such significant demands for new services on fhe‘
démand side of the market. There are large challenges for the pricing
aﬁélyst and for company‘decision makers in arriving at rates which maximize

public benefits from the telecommunications system in the current period as

well as in the longer term.

Is usage'sensitive pricing and particularly local measured service
a practical and usefﬁi alternative approach for Canadian télecOmmunicatibnS‘
servicés producers? We are partial to USP and LMS « ériori because they
repfesent an applicatioh of the abstract notion of pricing at marginal cost.
(Marginal cost pricing ié a doctrine of long-standing in economics which
has won acceptance because it has been shown to be efficient in the sense
of.providing,a fixed output with the least resource cost on the input side.)

. Of great persuasiveness, also, in our judgment, is the fact that only one
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or two countries .in the world are not practising or moving to practising

many forms of USP including local measured service. Most European countries

are moving from a message toll system of charges (price per call for tele-
phone service) to the pulse system of local measured service. In the

United States, all major companies surveyed (including AT&T or the Bell

~System and GTE) are moving toward measured service for network usage includ—

ing of course LMS (Appendix I) The Federal Communications Commission in

the U.S. suggested that USP might.be the best approach for telecommunication
companies in the future (Appendix II).‘ One is struck by the fact that with
new electronic switching devices, the cost of monitoring usage on a call by
call basis is much lower than was the case with electromechanical sWitching
devices. Rules of thumb (such as "Value of service" pricing in the tele-
communication and transportation industries) for pricing are used by produc-
ers because the cost of~arriying at'the appropriate cost-based charge is
relatively high. ‘Now theinew technologies make‘the:costs of precise monitoring

of usage very low and appropriate usage-based charging schemes can be imple-

mented. We note_finally that New York City .and most.busxness users in large

" U.S. cities have been operating exclusiVely with some form of LMS since at

least 1974. 1LMS is a practical alternative in the long runm.

Should we switch to LMS tomorrow, to a scheme of measured service

‘tied to costs of'provision, monitoring and billing?. There would

be an altered pattern of usage by subscribers.‘ Heavp<users'would
curtail usage, presUmably. Alt is most,difficult to predict the new
patterns.of'usage accurately and in consequence to predict the effect
on individual'and social welfare. Existing empirical work; including
experinents by GTE in IllinOis, prov1des a paucity of 1nformation on

elast1c1t1es of demand for: telephone service by household Per call
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by a residential subscriber, exiétiné information on démand elasti-
cities is Compatible with welfare gains from IMS of between .5¢

énd 10.5¢, we noted in Part III above. The chief deficiency Qf
these results is that they are based oh estimates which were

derived 1in sjituations in which price variation was relatively

small. As we sée it, the relevant context for developing usage

based prices is the medium term future in thch we foresee massive
changes in the system or in éaﬁacity and equally massive shifts in system-
demands as new services éome on line and aré adopted on a mass scale.
Pricing is after all a procedure for rationing supply or capacity and
transferriﬁg éubunits of capacity to users willing to pay. The
rate at which new capacity and new demands will come on line seems
most difficult to predict.

With regard to LMS, different suppliers of services have
devised different charging schemes. The pulse system, common in
Europe, aggregates calls by pulées incﬁrred as a subscriber uses
his telephone line. Ménitoring is by usage but recording at the
end of a billing period does not distinguish one call from-another.
One simply obse;ves than one has incurred sé many pulses per month.
The U.S. approach involves a full monitoring and recording of each
call byvduration, origin and destinatidn, time of day, and date.
HoWeveg charge'formulée differ across telecommunication service
suppliers. GTE appears to favof’a chargé'based on the féur elements
of the call regardless of the type of user. AT&T seems to be
committed to options for users. One can elect to be charged a flat
rate at a relatively high charge if one wishes or one can be charged

on a call by call basis, the charge per call being based on the four




_31_

of only small long run value, and useful information wili emerge from
various markets in any case. Conseqﬁently, it does gét seem uséfui to
mount é(larée experiment at present.. Once theirate of technological
chaﬂge becomes less rapid in the inaus;ry,‘howe§er, a well-designed R

experiment might prove very useful.
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AEEendix I: Responses of four operating companies which sponsored a major

conference on USP to a request for information about their plans
for implementing USP. Measured service for local rates appears
to be a certainty for all companies surveyed. Note particularly
that the Bell System (AT&T) is committed to local measured ser-

vices options. . e




GTE Service Corporation

. One Siamlord Forum
Stamiord. Connecticut 08904
203 357-2000

February 24, 1981

" Professor John M. Hartwick

Department of Economics
Queen's University
Kingston, Canada

K7L 3N6

Dear Professor Hartwick,

Thank. you for your letter inquiring about GTE's LMS plans. I
understand that you were at a briefing by Jim Alleman on LMS and GTE's:

- plans. in this area. The situation has not changed significantly since
that meeting. GTE is actively considering and work1ng toward implementing

LMS in its exchanges; however, more information is required, e.g. inform-.
ation on the cost sensitivity of exchange plants and the cost measurement

~system -- before a final comm1ttment to implement is made.

Research indicates that, if LMS "proves" in, it is most beneficial
when it is -applied to all classes of services within an exchange.

If I can be of further assistance, please contact me (203-357-3521)
or J1m Alleman (203 357-2391). _

- Very truly. yours,

- Gerald Cohen

GC:mar .

A Dr_i" o Genera T c&8E .-cnon:cs i




© BOX 113157 KANSAS CITY, MISSOURI 64112

UNITED TELEPHONE SYSTEM, ING. WAITER'S DIRECT DIAL NUMBER

(913) 676-3231

January 20, 1981

Prof. John M. Hartwick.
Department of Economics
Queen's University
Kingston, Canada K7L 3N6

Dear Mr. Hartwick: . . .‘ V .‘ - !

Re your January 6, 1981 letter inquiry: .The fundamental
plannlng process for the introduction of local measured.
service is currently underway in all Unlted Telephone System
Operating Companies. The exact 1ntroduct10n dates will-
‘depend on regulatory and consumer acceptance, measuring and
billing. systems being in place, and employee readiness. At
oresent, it appears our first offering of local measured
service to our. customers will be by m1d 1982.

Some of our companles may offer local measured service
foptlonally for residence customers, and non-optionally for
business customers. However, it is envisioned that our
early offerings will be on an optional basis to both residence:
and business customers. But, charges for local usage will

be levied to all users. on an equitable basis. That is, the
same rate will apply to calls of equal duration, distance
and'time—of~day, regardless of'the customer classifiéation.

" We are attemptlng to evaluate digital switching technology

capacities and implementation plans to meet these new.
measured offerings.. However, where older switching systems
may require local call recording outboard systems, investi-
gation.of such systems capacities and configurations are
currently being pursued. :

Sincerely,

%%/c //7 il

George N. Fuc1u
Staff Director
Revenue Planning-

GNF :crg -

A UNITED TELECOM COMPANY -




I \T Com‘lneniclTe!ephone
Service Corporation

56 Parimeter Center East
Atlonto, Georgio 30346 . ' R
{404) 391-8057 : S . ‘Marvin W, Krehmeyer
: ' . ’ Vice President - Siate Regulotory Maotters

February 4, 1981

Professor John M. Hartwick
Department of Economics
Queen's University
Kingston, CANADA

Dear Professor Hartwick:

This is in response to your Ietter dated January 6, 1981. Continental
Telephone has adopted a deliberate approach to the implementation of
 local measured service within its service areas due-to the fact there

- are many small exchanges, and there is some uncertainty as to whether.
LMS will be cost effective in these situations. "At the same time,

" Continental believes that there are presently good and serious reasons
for LMS in certain selected exchangées, such as those where EAS . is a
problem or where- the.likelihood of ne1ghbor1ng large ooerat1ng compan1es
convert1ng to measured-service 1s very ]1ke]y

In those cases where LMS may be feas1b1e within the Cont1nenta1 System, } S
it would apply for. both business and residential customers. Continental's .
" initial offerings of LMS will be restricted to digital offices, and in s '

. this regard, current plans call for ‘installation of digital equipment in

- 40% of our offices serving over 50% of our customers by the’ mid-eighties.
This technology is only one factor which would influence the rate of
1mp1ementat1on of LMS within the Cont1nenta1 System ’

I trust that the above 1nformat1on will prov1de you w1th the data re-
quested in your 1nqu1ry

Very truly yours,

MWK/ph




(o ATeT
) American Telephone and
Telegraph Company
295 North Maple Avenue
Rm 17-6356H1

Basking Ridge, N. J. 07920
Phone (201) 221-8312

H. E. Harvey, Jr.
. Directer—Tariffs and Costs

_ February‘Z, 1981

Mr. John M. Hartwick
Professor of Economics
Queen's University
Kingston, Canada
K7L 3N6. .

Dear Mr. Hartwick:

Larry Garfinkel has asked me to answer your Tetter of January 6, 1981.

The Bell System's plan is to move ahedd expeditiously with the imple-
mentation of Local Measured. Service (LMS). We consider it essential to
the preservation of universal telephone service and to the future economic
viability of Tocal telephone companies in this country. I have enclosed
two documents - the Bell System's plan for Measured Service and a- _
current status report - that I think will answer most of the questions
posed in your letter. ' ‘

‘The speed with which Measured'Seryice‘Can be made available in particular
Tocalities naturally depends to some extent on the local costs of its

. implementation.. It is most cost effective in large metropolitan areas,:

-which have been assigned the highest priority in our current implementation .

| . efforts. While it is true that the cost of measuring equipment is

higher in offices with step-by-step switching technology than in offices
with Electronic Switching Systems, the cost of measuring equipment is
only one part of the total costs of implementing Measured Service, the .
- rest of which do not significantly vary as a function of switching
technology. Moreover, the cost of measuring equipment for step-by-step
. offices diminishes every year. So, while in certain localities current
switching technology does retard the rate of implementation, the number
~of customers affected is relatively small. '

Should you  have any further-questibns, feel free to call Fred Mitchell,
who. coordinates our implementation program, on- (201) 221-7326.

Sincerely,

4‘0&’&1 |

~Attachments ‘//\
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THE PLAN

~The f0110w1ng text details "THE PLAN".for ‘attainment of the System

goal for Measured Service by 1985

Jur1sd1ct1ons are in vary1ng stages’ of Measured Service deve]opment

'. and obviously will reach the System. goa] usxng differing strategies

and time sequences. A]though some obJect1ve guidelines for 1np1e-

méntation are recommended, no §1ng]e strategy can. be. regarded as a

" panacea for inception -of "THE PLAN.Y Section (B.5) is devoted to
" the discussion of strategies. ‘ ' ' '

" THE: PLAN (1979-1985)

Create a new basic exchange pricing structure:

. At least three residence options should be available to'customers;
Premium Flat Rate, Standard Measured with an allowance and Low
Use Measured without an a]lowance (or very small a]lOdchE)

. Flat réte business service offerings should be withdrawn and
'repﬁaced with a‘noﬁ-optional;meésured offering, that will
include all Measured'Service.pricihg elements in its design.
A1l business service offer1ngs will be priced to cover their
dwrect costs. ’ "

Exchange pricing will continue to sustain "Universal Service."

. BaSic>service iS‘the capability for information transfer’

- including access to and from the local and tol] network and
1nc1udes appropriate ma1ntenance

. Local usage will be "unbundled" from all measured access lines

and priced at levels to provide ‘a contribution to Measured

Res{dence'Access. The premium flat rate residence option

5/79




should be priced so that in the aggregate all flat rate customers
will generate revenues sufficient to match the costs of providing

“this type of service.

. The rate structure should include the.four‘elements of Measured

Service pricing; frequency, duration, time-of-day and distance.

Rationale for the fréquency element will relate to economic set-up

costs. Duration may be supported by data displaying extremes and .
variations in holding time. Time-of-day pricind may be rEpreéenteﬁ
as criticai to curtailment of investment growth, in conjunction
with the desire to shift peak messages to off-peak time periods,
using pricing for traffic balancing with an alternative to offset
rate increases to some degree. Distance is vital in fragmenting
large flat rate calling areas and demonstrates consisfency with
costs and customer perceptions of value.

. Large flat rate calling areas should be reduced in size to
include no more than a customer's home exchange, zone or wire
center and adjacent exchanges, zones or wire centers.

. Optional Calling Plans (OCP) designed with elements of Measured
Service pricing may be used as a bridge for calling to areas
that previously were included in the flat rate Tocal calling
area. '

The OCP design should be integrated with.the overall Measured
Service Plan to permit a smooth flow from local schedules at the
local/MTS interface. Existing OCP's should be redesigned to meet
this criteria as appropriate. See Optional Calling PTans (orange
book) published in 1978.

. Introduction of Measured Service should be initially directed .

to metropolitan areas and mdjor exchanges of each jurisdiction.

I

5/79 .
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 Facility p]anning‘shod1d contemplate availability of‘Measured

Service that includes a]]-pricing‘e]ements (frequenty,'timing,“
distance, and time-of-day) even when implementation plans may

- contemplate the introduction ‘of each-on a more gradual basis. _'

:To the degreé_that Statewide_jntrbduction"of Measurgd Service

is not required by conmissioné,Aécondmics will probably delay

" introduction in many small outstate exchanges, where the un1t

cost of measurement may be highest and- the benef1ts Towest.

If is contemplated that the differentials between Residence.

* Standard Measured Service and existing flat rate offerings

will be increased over t1me, encouraging more customers to -

' select Standard Measured Serv1ce as the most attract1ve of fering.

-Low:Use Service should be prdvided as anlentry 1ével 6ffer1ng

~ to enhance the System goal of universal service. This offering
~ will be maintained as an economic alternative to Standard-

Measured Service, and the usage crossover with standard Measured

‘Service should occur at about 30-40 messages perfmohth.

Message Minute Mile (MMM) design wi]1'be_u£i]ized in'1oca1'.?
rate design. - This.design is to'bé priced on a .dollar and cent

'bas1s rather than in the trad1t1ona1 Message Unit manner.

Through. th1s pricing techn1que, ex1st1ng rate dzspar1;1es at
the Local-MTS interface may be reduced or eliminated.

The Plan contémp]atesta unified interdepartmenfa]-p]anning

 process to'inc]udé aTI elements of  tracki ing and ana1ys1s

discussed in subsequent sectzons of this gu1de

'5/79
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January, 1981

Measured Service —Current Status

1/5/81 - The Commission: approved the filing for an
experimental rate design - Extended Area Calling - for-
five exchanges. The plans "include the four usage elements
and are MMM priced. For more details see "Trends", Issue
No. .18.. S _

12/29/80 - Filed for opt10na1 measured service where
facilities and equipment are available, The proposed
offering includes the four usage elements and is MMM
priced.. . The aggregated monthly access line charge is
$7.80 for residential customers and $22.50 for business

customerse.

. 12/1/80 - The Commlsslon approved the f111ng for optional
. measured service. The proposed plan-includes the four
" usage elements and is MMM priced. The aggregated monthly

access line charge is $3.55 for residential customers and
$13.00 for buslness customers.

10/29/80 - The Commission approved the filing for optional
res1dent1a1 measured service in the Frankfort exchange.
The plan includes all four usage elements and is. MM )
priced. - The aggregated monthly access charge is $7.17 and
includes a $3.00 usage allowance..

10/19/80 ~. Commission approved the filing for.optionalT
business measured service. The plan includes all four
usage elements and is MMM priced. The Monthly aggregated

access. charges will range from $9.62 - $16.42 depending on .
the rate group.

10/13/80 - The Commlsslon approved the. filing for opt10na1

' residential measured service. The offering consists of

the four usage elements and is MMM priced. The aggregated
access line charge will be 80% of the monthly. flat rate -
and will‘include-a'$3f00 usage allowance.

10/3/80. - Filed for optional measured service in the

- Atlanta exchange. The plan consists of a flat to home

area (flat rate service in primary local calling area) and
measured service beyond. - The measured  service area

. 1nc1udes all four usage elements and .is FVH pr1ced

9/22/80 - The Comm1s51on approved the filing for opt10na1
business measured service in the Leéwiston ESS office. The
offering includes all four usage elements and is MMM
priced. . The aggregated monthly access line charge is
$9.75. ' Co
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9/22/80 - Commission approved the filing for optiomnal
residential measured service. The plan includes the four
usage elements and is MMM priced. The monthly aggregated
access charges range from $8.25 - $9.70 which includes a
$3.00 usage allowance.

9/4/80 - Filed for optional low use residential measured
service where facilities and equipment are available. The
plan includes the four usage elements and is MMM priced..
The monthly aggregated access line is between $5.05 -
$5.95 which includes a $2.00 usage allowance..

9/4/80 ~ Filed for optional low use residential wmeasured

service where facilities and equipment are available. The

tariff includes the four usage elements and is MMM
The monthly aggregate access line is between
$5.40 - $7.20 which includes a $2.00 usage allowance. -

8/28/80 - The commission approved the filing for optional
low use residential measured service in Sioux Falls and
Rapid City. The monthly aggregated access line charge is
$6.00 which includes a 40 call, frequency-only allowance.
After the 40th call, the plan includes three usage
elements (frequency, duration, and distance).

8/19/80 - Commission approved the filing for optional-
residential measured service. The plan includes the four
usage elements and is MMM priced. The monthly zccess line
is priced at $2.00 below the flat rate and will include a
$1.00 usage allowance.

7/31/80 - Filed for optional measured service and includes -

the four usage elements and MMM pricing. The plan
consists of two residential offerings — Standard Measured
and Low Use and a Standard Measured business offaring.

7/25/80 ~ The Commission approved the £filing for optional
measured service with the four usage elements and MMM
pricing.
$2.30 - $3.30 (low use offering) for residence customers
and from $8.55 ~ $12.25 (with a $5.50 usage allowance) for
business customers. The effective date for these '
offerings is planned for September 29, 1980.

7/15/80 - Commission approved the filing for optional
residence measured service. The plan includes two
offerings: Measured Lifeline Service (frequency only) and
Standard Measured Service (frequency, duration, and time
of day). The services will be effective October 1, 1980..

The disaggregated access line charges range from
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7/11/80 - Filed for optional measured service. The plan’
includes all.four usage elements and is MMM priced. The

"disaggregated access line charges range from $1.60 - $4.60- -
- for residence customers, {low use offering) and $3.80 -
" $14.75 for bu51ness customers.

7/7/80 - Filed for optional measured serv1ce.. The .plan
includes the four usage elements and is MMM priced. The
disaggregated access line charges range from $4.00 - $6.10
for residence customers, (low use offering) and between

$10.35 - $20.30 ($3.80 usage allowance) for .business
customers,

ence measured service.
pla ncjludes the fo sage el ents. and is MMM
ced -disaggregat acces e charge ranges. from

$3.25 - $5 35 for the low use offerlng. ~

£¥36/80 = Filled ng opti
g

6/2/80 -‘Imblemented optionélimeasured service, The plan
includes the four usage elements and is MMM priced. There
are- four rate groups, and the access charges range from

$3.05 - $6 75 for re51dence and $6. 75 -~ 15.00 for business =

CUstomers.‘

'5/31/80 - Filed for optional measured service in all ESS
offices. The plan includes three usage elements:
(frequency, duration, and distance) ‘and is. MM priced.

The disaggregated monthly access line charges are §4.50
for residence customers and $14.50 for business customers.

5/20/80 - Filed for low use measured service. The plan
includes the four usage elements (metro -areas) and is MM

priced. The proposed monthly access line charge is $5.00.

5/15/80 - Commission approved the filing for optional
measured service in four pilot locations: Gainesville,
Clermont,.Flowery Branch, and Lula exchanges. The
offering includes.all four usage elements.

5/14/80 - Filed. for optiomal measured service in Phoenix
and Tuc¢son. The plan includes the four usage elements and
1s MMM prlced. - The access.line charges for residence
customers is $2.50 for Low Use and $6 00 ($5.50 usage
allowance) for standard measured service. Business.
customers would pay $14.00 ($8.00 usage allowance).
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. 4/1/80 - Implemented an optional measured service pilot in

_and includes all elements. A low use service is offered

‘monthly rate of $4.95. Measured business timing will be

11/29/79 -~ Commission ordered conversion of all flat rate

the Florence exchange. The offering includes all four

" usage elements. The pilot will remain in effect for one -

year.

2/28/80 = Filed to extend .the availability of its existing
individual standard residence Measured Service to all
customers as facilities become availables The monthly
access line will be priced between the proposed 1FR and
proposed Low Use offerings and would include a 75 message
unit allowance. - :

2/21/80 = Filed for the implementation of MMM pricing and
to price flat rate service to reflect more closely its

usage costs and to adopt a single statewide charge for the
business Measured Service access lines.

12/31/79- = Implemented optional residence measured service
in the Lewiston ESS office. The offering includes
incidence, duration, and time-of-day discounts for $1.50
less than the flat rate service. A $3.00 allowance is
included.:

12/1/79 - Implemented an optional Measured Service pilot
in Davidson. The offering consists of two mileage tiers.

to residence customers along with the basic Measured
Service.

12/1/79 - Implemented optional residence measured service
in four exchanges. The offering provides residence
customers with a 30 message unit allowance (timed) at a

instituted on an exchange basis as facilities permit,

business service to frequency-only measured business rate.
L] . =

Also included in the order was an increase in the
additional local message charge from 6.7¢ to 7¢ per
additional call.

11/13/79 - Filed on April 16, 1979, to implement timing -
for business customers. The propcsal was denied on
November 13. The Commission requested that any future
timing proposal by the Company be cost supported
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9/17/79 -“Filed‘fof'optibnal-ﬁeaéured Service. Plan

" includes four-elements (MMM priced) as central offices are

equipped on a statewide basis for business and residence
customers. A two-element plan (frequency and duration)
will be available in all other exchanges until the

exchange is. capable of prov1d1ng the four-element offering.

7/13/79 - The CPUC ordered a Measured Service offering.

with all elements.and MMM pricing to replace the message
unit service in the San Francisco-East.Bay and Los Angeles
areas. The access line charge for the standard measured:
service will remain at $3.75 but will now include a '$3.00
allowance. The Zone Usage Measurement Schedule (ZUM)
replaces the old message schedule. The schedule consists
of 3 mileage bands and a 1 minute initial and overtime -
period.

7/17/79 - Implemented optional residence measured service
in the Franklin central office of the Little Rock .

.~ metropolitan exchange. The offering includes the four

elements (frequency, duration, distance, and time of day)
with a monthly access rate of $2.75 for one party service
and $2.10 for two party service.

2 7/27/79 - Implemented optlonal re51dence measured service

with frequency only in El Dorado and Jonesboro. The-
offering includes a 30 call allowance in El Dorado with a
monthly access rate of $4.25. Jonesboro has no call .
allowance and a monthly access rate of $2.45.- '

7/1/79 - Implemented optional residence measured service
in five exchanges with incidence, duratlon, and
time~-of-day pricing.

7/15/79 ~ Implemented optional residence measured service
in three more exchanges. Offering includes incidence,

duration and time-of-day for $1.50 less than the flat rate:
services. An allowance of $3.00 is included.

7/1/79 - Implemented optional residence message service on

" a trial basis in the Atlanta exchange. This service is

available to subscribers served by ESS offices at a
monthly rate of $6.50 w1th a 25 call allowance. Each
additional call is 10 cents per call.

7/1/79 - Implementated optlona1 rGSLdence Measured Serv1ce~
on a one year trial basis in all areas served by £SS(7)
The rate for the new offering is 60% of the applicable
individual flat rate service. The plan includes

frequency, duration, and time-of-day elements.




Michigan

«

C&P
Virginia

Mountain
New Mexico

Southern

Florida

Iilinois

New York

PNB
Oregon'

South Central -

Mississippil

. Time-of-Day, Distance).

-6 =

3/2/79'~ The Michigan Public Service Commission approved v

time-of-day discounts on interzone message rates for the
state's three metropolitan area district exchanges
(Detroit, Pontiac, and Grand Rapids).

Filed in 6/77 for withdrawal of flat rate business service
including timing. Hearings ended in January, 1979, and
the filing was withdrawn in February, 1979. Bill passed
3/79 to restrict MS, which included timing of calls unless
a flat rate option was available.

2/1/79 - Implemented Optional Residence Measured Service
in Albequerque San Mateo, Albequerque Academy, Los Alamos,
and Santa Fe Southwest. This includes the four elements

'(frequency, duration, distance, and time-of=-day) and MMM
pricing.

‘Implemented Optional Measured Service in five exchanges
including all elements of MS.

Pembroke Pines/Hollywood . 9/15/79
Orange Park 6/16/79
Metro - Miami 4/19/79
Delray Beach 4/ 1/79
Jupiter 12/31/78

11/1/78 ~ Commission approved the offering of Optional
Measured Residence and Business Service within 112
exchanges outside the Chicago metro area. Time-of-day
pricing will be introduced.

9/1/78 - Filed a two-phase plan for the implementation of
a full Measured Service structure (Frequency, Duration,
Also includes MMM pricing.

Company proposes to introduce phase one early in 1980 and
phase two in 1983,

8/1/78 - Optional residence measured service was
implemented on the basis of availability of ESS
equipment. Includes all elements except distance.

7/1/78 ~ Completed withdrawal of flat rate business

service statewide. Statewide optional residence completed
1977, '

7/1/78 - Announced pilot location for MS implementation.
Commission ordered introduction of equipment necessary to
provide MS capability.




Appendix II:

Federal Communications . Commission of the U.S. Docket 20003,

Sept. 24, 1976, recommending Usage Sensitive Pricing as an

"approach for dealing with new market conditions.for tele-

communications services in the U.S.
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229. USage Sens itive Fricing and Interconnection. As found by -
T+E, anocther available elterrative which could opsrate to neutralize
" indirect contribution losses, if anv,_du°~to intercoonect competition is
. the initiation of vsé&ge sensitive pricing structures for intrastate
exchange services. 161/ Ve set forth belov exsmples of usage senczitive.
- pricing measures which ve believe merit study and briefly elaborate on some’
of our other flndinge Wlth respect to- uuage sen31tive pricing. .

. 230 Most of the telephone companles currently utilize flat
monthly rates rather than usage semnsitive pricing for local exchange
- service. While there are many reasons for these- circumstances, and they
should be analyzed on a case—by—case basis, we note generally. that flat
- rate pricing appears to provide little incentive for customers to make
efficient use of service. Essentially, the cost to the’ customer of making '
~ & local telephone call, after he has subscribed to.the service, is.zero..
“Yet increased tarffic causes increased cost 0 the utility and requlres
more. investment in traffic sensitive plznt. Traffic ‘sensitive plant.
may be as much as half of all exckange plant in the largest cities, and

' may be at least 20% of exchange plant ir the smllest. 162/ Usage

insensitive pricing also appears to increase the zllocavion of ex=- .. B P e

- change plant to- intrastate, thereby raising intrastate revenue requirements.
‘and .rates. On the cther hand, usage sensitive charges for exchange service’
;(whieh could vary by time of day, distance, and duration) appear to pro~

© vide an incentive for customers to.conserve their use of the telephone .
system (and also to make such calls at off-eeak hours when they do not add..

. to the need for plant). " Since there is no such suppressive incentive in the

. case of current flat rate local calls, the percentage of the time that
‘exchange plant is in use that is being used for intrastate purposes is.

raised. Since exchange plant and. expenses are allocated to interstate on the

basis of relative minutes of use, the effect of usage inmsensitive pricing -
then is generally to raise 1ntrastate revenue requlfements and rates.

151 7_ T+E finds that ueferal reasons exist for initiatirg usage sensitive

rricing irrespsctive of the existence of intercomweact competition
and its allegnd adverse economic impact, e.Z., usage sensitive
rricing encourages more efficient use of existing. “lent investmant.
and 'a reduction in new plant investwment.  However, if it is viewed

- only as & respénse to interconnzct competition such facteors as market

. growth stlmulaﬁlon causad by interconnsct compeuitwon 2150 becone

- important., As noted nreifonelj, T+ finds. it is likely that very

. modest warket growth stimulaticn cansed by imtzrcoanect combebition, -

" .coupled. Wlth usage seasitive oricing, could ‘operate fully to neu-
tralize & revenue requirements shift, i.e,, indirect contribution
loss, resulting from int rcodnection. We agree with T+E, CIP .
claims usage sensitive prlcinz in conjuwmcticn. with scnerations changes
,could fully neutralize the Jjuris eietmonel 1mpact ot 1nterconrection. . »

.niéy GTE lecture on usage Leneitlve p“iCLuQ given to the Cemnission's
Common Carrier Burcau staff Vebruary 217, 1976



Conversely, the effect of usage sensitive pricing would generally. be
to lower intrastate revenue requirements and rates. A lower intrastate
revenue requirement would make Intrastate services, such as basic local

exchange services, less dependent on any subsidy obtained from interstate

‘via the separations mechanism. Thus, to the extent there may be an
adverse effect from interconnect competition which results in a reduced
interstate subsidy (i.e., reduced indirect contribution) to intrastate
services including local basic change services, usage sensitive pricing
could operate to neutralize this subsvdy loss. .

231. We cannot go further and_conclude that basiec local
exchange rates are, in fact, higher today because of usage insensitive
- pricing since most states (California is the main exception) do not
allocate the intrastate toll and local exchange revenue requirements on
the basis of the jurisdictional separations formula. However, if the
intrastate revenue requirement were allocated between toll and exchange
services in a manner parallel to that provided for in the jurisdictional
separations manual, the effect of usage inmsensitive pricing would be to
raise local exchange rates, if a state allocated the intrastate revenue
requirement on the basis of the proportion of costs dlrectly attributable
to local exchange and toll.

‘
. ) - ol
. . . ®
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232. At the outset, we note tbat the potential cost savings due

to more ‘economically rational tariffs.bas not been widely explored in tele-

phony. Ve received little information in this inquiry, but we have attempted
to explore the mtter through other sources. We find that there

.are _potential cost savings through efficiency gains in the use of

existing plant and potentially reduced investment for new plant. . We recog~ .
nize that the cost of metering equipment is an impcrtent factor and that

" the potentisl for cost savings my be limited in scme exchanges or that

some telephone companies may find it more advantageous tkan others: In
any event, as. noted above, usage sensitive pricing certainly merits

“thorough exploration by the telephone ‘industry irrespective of its use as o
an ameliorating response to interconnect ccmpetitlon.__e_ o

233. . In designing an economically rational’ teriff structure,

" costs must be examined to determine their variability with usage. Some

costs are not traffic sensitive and might be reflected in a customer charge
or & "network access" charge. 163/ - Scme costs -derive from the use of
common. equipment and vary with the number of calls. Other cosis vary with

."the duration of calls. Some ‘costs vary with distance and duration. A
‘properly designed usage sensitive tariff should reflect these cost differences -
%0 the greatest extent possible. We have czrefully. evaluated testimony

from the NYPSC 164/ and as a result we suggest that it would be useful
to ccnsider tariffs having some of the folloving elem;nts'

l. A station’ equ1pmen+ charge for all items of station equip~ -
ment provided by the felephone company, i.e., "unbundled"
terminal eqU|pmen+ charges. S

2. A "network access" or "cus+omer" charge +o cover local
"~ loops,. station wiring up fto the connecting ‘block, and
" dedicated central office plant- (such as the main frame and
t+he appearance of the line finderl. Bus1ness offlce ex—~ -
penses; Could also be recovered herein. - :

3. A charge per call. On'exchanges with tittle common eouipmen+_
“t+his could be waived. This charge could vary by time of =
day. ‘ . '

- 4, A charge per minute. This charge Could also vary by fime
"vnof day. ' ' o

5. Charges for speclal serVnces, ‘such: as rocal dlrecfory
assistance.

- 163/ As noted previously, the 'hetvork access' chafge could be the focal

- point for any direct or indirect subsidy to basic local telephone:
service that society finds is tarranted. - This assumes, of cowrse,

'é " +that terminal equipment serVices, such as PBX and KIS, are. prlced to

cover their total costse.

- 164/ HYPSC Case No. 26775, Sugre, n.136..
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6. On calls Beyond the customer's local central office, the
charges per call and per minute could vary with distance.

7. Nén-recurring charges could Be Based on local practices,
but we believe the following should be considered:

a. a chafge for the paperwork involved in a service order
whiich could vary with what is ordered; -

- 6. a charge for the central office woﬁk,?hvolved-rn~a ser=
' vice order which c<ould vary with what must be done;

c. a charge for connecting the customer's premises to the
network, Including a charge for basic inside wiring.
Cup to the first connection on the premises) which:
could vary with the type of customer;

d. a charge for additlonal inslde wiring on a per foot or
' per Jack (connecting block) basis, This amount  could
vary with The type of customer equipment to be connect-

ed;’ o '

e. a charge for installing station apparafus; which .could
vary with the type of equipment to be connected.

We also believe that moves and rearreangements could be fully charged for
at the time performed, and that non-recurring costs could be segmented
from recurring charges. There is some evidence that business custcmers in
mny areas are being undercharged for moves and rearrangements because of
averaging with residential customers. 165/ We also recommend & thorough
examimtion of extended area service rates, particularly the relzationship
of such rates to associated costs. 166 )

165/ Dittberner Associates, "Interconnection, An Economic Impact Analysis",
Appendix D; OTP-Contract OTP-SE-72-113. Detailed analysis of this
report by OTP indicates that the results are dependent on several as-
sumptions and OTP found that most these assumptions were unsupported.’
We cite this report because it is the only study of the problem of
differential cost of moves and rearrangements that has come to our
attention. The issue of cross-subsidization in moves and changes Is
hard fo study, since the cost that is not recaptured immediately must -
be recovered in the undifferentiated pool of recurring charges, Thus .due .
to the capitalization of station equipment and connections info an un-
differentiated account, it is not possible fto determine whether the
allocations presently made are justified on any of the bases we con-
slder =- direct cost, incremental cost, fully distributed cost, etc.

166 / Exfendea ares ser#icé is basically telephone service which includes
service beyond a. subscriber's exchange or zome at exchange rateslratﬁal :
than toll rates.
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234, When it is realized thet even during the business day there
my be slack usage periods, e.g., before 10 AM, between 12 M and 2 FM, and
so forth, it appears that some cost savings could be affected by transfer- .

- ring calls to those periods. . We have seen the results of & toll tariff in.

South Dnkota that trapsferred a large amownt of traffic by giving 20% dis-
counts at 12 noon and after b PM. 167/ There my also be seasonal: peaks -

in certain areas, and not just where tourism and recreation are lmportant .
industries. . Seasoral tariffs ere well established and accepted in the electric
utility industry, and we believe they should be explored in the field of '

. telephony as well,

235. Our experiemnce with respect to time of day charges has
been successful. We have found demand, particularly residential dezra.nd,, ‘
to be quite sensitive to. price differences. We have not attemptedﬁi:o measure
the cost savings accrued when we ordered the initial "after nine" rates in
Ayril 1963, but we do note that there was a substantirl interstate net |
revenue increase of 10%, despite the transfer of {46 million in revenue
requirements from intrastate to interstate in 1962. 168/

- 236.  If usage sensitive pricmng is mitmted for basic local .
exchange sexrvice, it is likely that some subscribers, depsnding on the
extent of their usage, could my more for basic service while others <ould

- .yay less, It has also been argued thet usage sensitive pricing would raise
"the cost of service to the poor who are allegedly hesvy telephone users.
- No evidence on this mtter was submitted in the present inquiry. Wkt

evidence we bave seen is for three exchanges in Illinois. While we are
relactant to generalize from so limited a sample, this evidence indicates

&

- 167/ South Imkota Study, "Interstate Long Distancef"fl‘el‘ecommiéation: Service,

ATer, 1969,

/ Richard Gs.bel, Dewrelo*ment of. Separations Prlncn.nles in the Telephona
- Industry, East Lansing, Michigan State Uaiversity, Imstituce of Public
Utilitles’ 907’ Pe 1030 ’
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thet telephone usage generclly increa.ses with income, and that the poor
and elderly are relatively light users. 169/

237. The foregoing discussion 1s not jintended to be exhaustive
of all the ramifications relating to the initiation of usage sensitive
pricing and poss:i.ble sererations chenges. Usage sensitive pricing certdainly
deserves actlve study by the telephone industry, and any further considera=
tion ‘of competitive effects from interconnect competition must include
also a look at usage sensitive rricing and separetions as possible
neutrelizing mechanisms of any adverse economic impact that might arise.
Therefore, we expect that the parties will address this subject compre-

hensively in the further stages of this inquiry.

169/ Illinois Commerce Commission, Docket ¥o. T6-0069, Ex. No. 3, in

Bell Ex. No. 21 there is presented 2n analysis of demand for tesic
residential exchange service and a associated demographic amalysis
wndertaken for Bell by Matiopal Eccnomic Research Associates, Inc.

The purpose of the study was to investigate quantitatively the economic
and demographic determinants of telephone availability including
age, urbanism, education, race, regilon of residence and family type
and especially income level., The study was based on reported availe-
ability, not use, of the telephone. Chief findings.include: (a)
availability tends to vary directly with income, age and urbanism,
is higher among whites and lower in the Southy and (b) availability
does seem to be price sensitive, but the degree of sensitivity varies
Inversely with the income level; estimates of (arc) price elasticities
vary from virtwelly zero (for households with annwel income greater
than $12,000) to .29 (for households with amm=ml income-less than
$3,000); also varies with age and family type., T+E finds the study

- to be of questiomable value for this inquiry., T+E indicates that

at best, cne can say price sensitivity seems to vary somewhat with
income level, but the estimated variations at all income levels are

. vexry low. T+E notes that not only 18 telepkone availability inelastic _but

almost completely so and that this would suggest (income effects
aside) tbat modest changes in the charge for exchange service would

have very ‘little effect on the universality of service. T+E also identifi:

several technical problems with the study. For example, it finds there
13 an obvious deficiency in using reported telephone availability

as. i proxy for telephonesin use. See I+E Deliverable A,

P. 1.

Footnote

Section II

1. The first part of this section draws on material in Shelléy t1980}

and ﬁhe second part on material in Anderson [1980].
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