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This paper provides rough estimates of how increases
in the telephone subscriber-line charge in 1984, 1985,
and 1986 affect total surplus and the gross national
product (GNP). Only direct effects are considered; that
is, we do not try to account for the effects of changes
in the price of telephone service on prices and output
quantities in other sectors of the economy. We find that
the effects are large, and the effect on GNP is compa­
rable to what Wharton Econometrics estimated. I

Background and Perspective
When telephone service in the U.S. was a regulated monopoly,

local service was partially subsidized by revenues from long-distance
service, which was therefore priced above cost. Now that competition
has arrived in the long-distance market, which has the effect of driving
prices toward costs, such a subsidy has become untenable.

In 1984, therefore, the Federal Communications Commision
started to phase ina subscriber-line charge that businesses and resi­
dence subscribers pay to the local exchange carriers (LECs). It
correspondingly began reducing the access charges that interexchange
carriers (lXCs) pay to the LECs for interstate toll traffic. The subsidy
has beenembodied in these access charges.

Since June 1, 1986, the subscriber-line charge has been:
• $6.00 per line per month for multiline business service
• $3.00 per line per month for embedded Centrex
• $2.00 per line per month for single-line business and residential

service
• Waived for low-income households that subscribe to the local tele­

phone company's Lifeline service.
As subscriber-line charges that customers pay partially replace

the access charges that IXCs pay, the price of interstate service should
be reduced and that of local service increased, at least relative to what
these prices would otherwise have been. As prices are thus brought
more in line with costs, allocative efficiency should increase.

Wharton Econometric Forecasting Associates, Inc.-using the
Wharton Econometrics Long-Term Model-has estimated how these



I.e.,

p = P(q)

on capital equal to the cost ofcapital. Then, for a given A,
we determine pand q by the pairofequations

Let Qu and Q denote the interexchange outputs that corre­
spond toA uandA, respectively. Then, the total change in
surplus (welfare) is
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(1)

(2)
q = D(P)

pq - C(q) - A = 0

Consider a change in subscriber-line charges, with
a corresponding change in total access charges from Auto
A. We want to calculate the resulting change in total sur­
plus (also known as "social welfare"). The monthly charge
for local service will increase, while the price of interex­
change calls will decrease. We assume that the demand for
local service is notaffected. (This should slightly underesti­
mate the effect of the change in subscriber-line charge on
total surplus.) Then, the only changes in output and cost,
and hence in total surplus, are those in the interexchange
sector.

LetP denote the inverse of the demand function,
Total Surplus

A common measure of social welfare is total sur­
plus. 2,3 Roughly speaking, the total surplus that the
production and sale ofa commodity generates is the differ­
ence between what consumers are willing to pay for the
commodity and its cost to produce.

Assume that there is only one IXC, which is regu­
lated. Let

changes and furtheranticipated increases inthe subscriber­
line charge should affect the U. S. economy. 1 Theircalcula­
tions show beneficial results ofamagnitude thatmany people
find surprising. For example, theyconclude thatthe steps
taken inthe subscriber-line charge program during 1985 and
1986 resultina$6.0billion increase inrealGNP (cumulative,
overa three-year period) measured in1985 dollars.

Amotivation of this paperwas to test the plausi­
bility of suchresults. (However, we canonly test direct
effects, because we have not usedanything like the Whar­
tonLong-Term Model to see how the effects ofchanges in
telephone prices ripple through the entire economy.)
Because we are interestedin plausibility, rough approxima­
tions suffice for our current purposes.

We calculated the effect ofa change in subscriber­
line charge on total surplus and then on GNP. We found
that the Wharton estimate of the GNP effect is plausible.

Q

W(A) I [P(q) - C(q)] dq

Q Q

= I P(q) dq - I C(q) dq (3)

This is the area between the demand curve and the
marginal-cost curve, as q varies from Qo to Q; see
Figure 1. (We drew the figure for the case where price
exceeds marginal cost, which we believe is true for inter­
exchange service.)

A = total access charges paid by IXC to LECs. We takeA
to be fixed.

p = price (index) of interexchange toll.
q = quantity (index) of interexchange toll.
D = demand function for interexchange toll; that is,

q = D(P)·
C = cost function for interexchange toll, including the

cost of capital.

Suppose that regulation is instantaneous and accu­
rate; i.e., that the IXC must set its price, p, to produce
zero net profit. In other words, it makes a rate of return

o; Qo



First, notice that, integrating byparts

I)

= P(Q)Q - P(QIJ) QII - JqP'(q) dq (4)
()()

Butbythe rate-of-return constraint, equation (2),
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000
JP(q) dq= Jd[P(q)q] - JqP' (q) dq
({II {JII ()II

Second, notice that

o
JC'(q) = C(Q) - C(QII)
QII

If we substitute equations (4) and (5) in (3), weget

W(A) = [P(Q)Q - C(Q)] - [P(QII)QII - C(QII)]
o

- JqP'(q)dq
00

P(Q)P - C(Q) = A

P(QII)QIJ - C(QII) = AI)

Hence,

(5)

(6)

Q
q

Figure 1. Positive change in surplus (shaded area). Qo and Q
represent the interexchange outputs when total access
charge is Ao and A, respectively. C' (q) is cost, and P(q) is the

inverse of the demand function.

which expresses the dependence of the interexchange
price onA. Then,

<!>'(A) = P'[Q(A)] Q'(A)

o
W(A) = A - All - JqP'(q) dq

00
(7) and thus from equation (8)

Toestimate the effect of small changes inA, we
now calculate the derivative of W. If wewrite Q(A) for Q,
to show its dependence onA, then from equation (7),

W'(A) = 1 - Q(A)P'[Q(A)]Q'(A) (8)

Another way to write this is also convenient. Define

<!>(A) = P[Q(A)]

W'(A) = 1 - Q(A)<!>'(A)

= 1 - <!>(A)Q(A) [<!>'(A)]
<!>(A)

Now notice that

<!>(A)Q(A)

(9)
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Figure 2. Negative change in surplus (shaded area). Qo and
Q represent the interexchange outputs when total access
charge is Ao and A, respectively. C'(q) is cost, and P(q) is the
inverse of the demand function.

is the total interexchange revenue that corresponds toA,
and

[ <1> ' (.4)] x 100
<1>(.4)

An Example. Although this example is fictitious, the
numbers roughly describe how changes in the 1984
through 1986 subscriber-line charge affected 1985 through
1987 interstate-toll prices. (All figures are in 1984 dollars.)

Thus, we suppose that $l-billion reductions inA
ineachof three successive years lead to 5-percent price
reductions ineachyear. We further suppose that annual
interstate revenues are $30 billion. (However, the price
reductions did not lead to significant revenue increases in
this period, because ofchanges in other factors that influ­
ence demand. Butthese figures approximate the
experience of the total domestic interexchange industry in
this period.)

Then, the increase each yearin surplus overthe
base year is about

30 x 0.05 - 1 = 0.5
30 x 0.10 - 2 = 1.0
30 x 0.15 - 3 = -.L.L

3-year total $3.aB

To conclude this section, wenote that a price
decrease does not necessarily lead to an increase in sur­
plus. If price is already below marginal cost, a further
decrease in price leads to increased output and decreased
surplus, as Figure 2 shows. This may be the case for local
service.
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Gross National Product
GNP is defined as the sumofvalue added by var­

ious sectors. Value added is sales (revenue) less the costof
intermediate (manufactured) inputs, or

is the percentage change in price, per dollar increase inA.
Because we are concerned with a decrease inA

that corresponds to an increase in the subscriber-line
charge, equation (9) implies that a decrease inA of~ dol­
lars will result inan increase of surplus about equal to v = R - C/ (9)

percent change

[
in IX price ]IX revenue x -----=--- - 1 x ~

100

where R = revenue = pq. As before, we shall confine
ourattention to interstate toll. The presence of the access
charge necessitates somedecisions, as we shall see, about



the definition ofintermediate inputs.
Achange in price produces a change indemand,

hence a change inoutput, and hence a change incosts.
Thus,

revenues, VIR. Aconsensus aggregate value for
interstate-toll elasticity seemsto be

YJ = -0.75 (14)
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dV = dR - dCl
= pdq + q dp - C/ dq (10)

Let YJ denote the elasticity of toll demand, defined
as the fractional change indemand per unit fractional
change inprice:

(11)

Then ifwe substitute from equation (11) into (10),

dp
dV = YJq dp + q dp - C/YJq P

= dP[(l + YJ)R - YJqC/l (12)
P

Now, consider the simple casewhere the marginal
costofintermediate inputs is constant, so that

Then, equation (12) becomes

dp
dV = P [(1 + YJ)R - YJ Cll

= ; [R + YJ V] = ; •R (1 + YJ~) (13)

Now, return to the example above. We must spec­
ify the elasticity, YJ, and the value added as a fraction of

Asto value added, it seemsreasonable to us­
although thismay notconform to any standard
procedure-to include the traffic-sensitive portion ofthe
access charge as the costofanintermediate input. Simi­
larly, the nontraffic-sensitive portion is more like a tax on
the value added. On this basis, a reasonable figure is

VR = 0.6 (15)

Now use the values from equations (14) and (15)
and the parameters ofthe example. For the increase in
value added over the base year ineach year, we find from
equation (13)

0.05 x 30 (1 - 0.75 x 0.6) = 0.825
0.10 x 30 (1 - 0.75 x 0.6) = 1.65
0.15 x 30 (1 - 0.75 x 0.6) = 2.475

3-year total $4.950 B

or about $5billion cumulative increase in GNP over the
three years, compared to what there would have been
without any increase in subscriber-line charges.

This result is notfarfrom Wharton's estimate of
$6.0 billion. Were we to consider the effect ofthe
increased price oflocal telephone service, ourresult would
be reduced somewhat. But ourresult would be increased
by the effect oflower toll prices onall sectorsofthe
economy-i.e., by the multiplier that the Wharton Long­
Term Model expresses. One might expect thismultiplier to
be around 2. Therefore, we are surprised, not thatWhar­
ton's results for gain in GNP is so large, butthat it is not
larger. It may be a conservative estimate.
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