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Abstract: Ramsey regulation, in the context of tariff rebal ancing,
is analyzed when the regulator is not fully informed about the cost
structure of the firm It is shown that even if the estinmated
rel ati on between variable costs of the two goods produced is
correct, errors regarding the conposition of a given total cost
between fixed and variable elements result in: (i) the price of the
good with a higher (lower) elasticity of demand decreases
(increases) as the estimated fixed cost is higher; and (ii)
whatever mstake is made, i.e., under or over estimating fixed
_costs,OI O}he profits obtained by the regulated firm are |ower than
i nt ended.

1. Introduction.

Thi s paper presents briefly the problemthat conmes out when the
conposition of the total «cost of a regulated nultiproduct
nonopol i st is unknown to the regulator in the context of tariff
rebal ancing. The structure of prices is chosen by the regulator to
recover total cost mnimzing welfare | osses from margi nal cost
pricing, i.e., according to Ransey pricing principles.! Unlike
other forms of asymmetric information, which allow the regulated
firmto obtain informational rents so discussed in the literature,"’
the disinformation of the regulator under Ransey pricing could
becone a source of losses to the firm Furthernmore, as long as the
demand functions for the various goods display different price-
elasticities at equilibrium the structure of prices that the
regul ator inposes upon the regulated firmdiffer under various

alternative estimations of the conposition of the observed total

! The assunption underlying is that there are dynam c aspects
(such as predatory pricing) that make it unadvisable to delegate
the determnation of the structure to the firm under a zero-profit
constraint, as prices chosen would not be Ransey in this case.

? For a recent and conprehensive treatnent of regulation under
asymmetric information see Laffont and Tirole (1993).
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cost between fixed and variable conponents, even when the variable
costs of the different products remain proportional in the
different options. This question is particularly relevant in tariff
rebalancing in telecomunications, for instance, where different
estimations calculate fixed costs ranging from 20-30% (Burns
(1994)) to 80% (Oftel (1993)),% and where current discussion exists
regardi ng the inappropriateness of considering access costs as
common costs (see Kahn y Shew (1987), and nore recently Kaserman
and Mayo (1994), Parsons (1994) and Gabel (1995)), each of them
thus indicating very different price structures and possible |osses

to the regulated firm

The paper is organized as follows. Section 2 presents the nodel.
Section 3 presents a few nunerical exanples that illustrate the
main results. Formal proofs are given in section 4, whereas section

5 closes with some coments.

2. The nodel.

Consi der a benevolent regulator who, dealing with a two-products
monopolistic firm sets prices to maximze social welfare, defined
as net consumer surplus, subject to the constraint of recovering a
fixed cost « through linear prices. Assume for sinplicity that both

demands and costs are linear, and that they are also independent

> 1n the case of Otel (1993), the figure corresponds to
comon or joint costs. However, as the allocation of commobn costs
Is necessarily arbitrary, they mght be considered to be fixed as
well, and they are indeed so regarding each service individually.
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(up to the joint fixed cost in the last case). The problem then is

the follow ng:

max L = S(q,) +8(q,) -P,(q,) q,-P,(q,) g, +

[+ /0% (PR

+ >‘[Pl(ql) q, + P, (q,) qz—c1q1_czq2"a],
wher e

q;
S(q,) = l P (g)dg,, for i=1,2

represents the (gross) consuner surplus and ) is the Lagrange

mul tiplier.

Letting P;(q;)=a;-b;q;, for i=1,2, the first-order conditions that

characterize the solution of this problem are the follow ng:

L

q;

L, = b,g, + A [a,-2b,g,-¢,] = (,

d;

b,q, + » [a,-2b,q,-¢c,] =0,

Ly, =(a,-bq)q + (a,-b,q,) g, -c,q -¢c,q, -~ =0.
From the first two equations we obtain q,=q,[b,(a,-c,) 1/[b,(a,-¢c;) 1,
replacing this equation into the third first-order condition, the

value of g, that characterizes the solution is given by the

foll owi ng expression:

2 4b a(a,-c,)?
: b, B, | = b,[b,(a,-c,) 7 +b, (@, -, 7]
| 7

Naturally, once g} is conputed from this equation for given values
of a, a;, b;, and ¢, for i=1,2, q;, P; and P; are imediately
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obtained, from which it can also be calculated the total cost (C),
its conposition between variable and fixed (vc/c), and the
equi librium price-elasticities of demand (n, and =5,). As it is well
known in the literature, this is just an exercise in Ransey
pricing, where relative mark-ups are inversely related to the
price-elasticity of the demands in a way that mnimzes the welfare
loss fromthe first best allocation (which we ruled out by inposing
the self-financing constraint, as such allocation would require
pricing at marginal cost and financing the fixed cost with a

transfer collected sonewhere else).

The relevant question we are after here, though, is to see what is
the effect of a different belief held by the regulator about the
true conposition of the total cost C=a+c,qgi+c,qg;, When, furthernore,
the relation between the variable costs (c,/c,) is comon know edge
(i.e., this ratio is known to be equal to g). That is, we want to
conpare the price structure (p; and P;) when ¢, and ¢, change, and
the value of ¢ is adjusted in the anount of the estimted change in
the variable cost (i.e., a'=a-(ci-c,) (Bgi+qgy)). In that sense, our
di scussion applies very well to the context of tariff-rebalancing
in the face of technological (or judgenent) change regarding the

conposition of total costs.

3. Results.
We present the results of this exercise in table 1, where different

exanples are constructed for different values of c,, 8, a,, a,, b,
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and b,. The true situation is called "situation 0", whereas
situations 1 to 3 represent the solution to the problem when
alternative beliefs are held by the regulator about the conposition
of total (observed) cost C . m denotes the benefit obtained by the
firmin situation j, j=0,1,2,3, whereas 1, is the level of profits
reached by the firm when the regulator believes the situation

prevailing is j when the true one is O.

Note that the "true" situation 0 is not necessarily the initial
one. Gven the regulated prices prevailing in the status-quo
situation, quantities are given by demand functions, and different
cost structures are conpatible with the observed total cost C, so
that the initial situation (regarding technology) could correspond
to either one of them and therefore need not be optimal. It is an
I mportant assunption, however, that the true and initial situations

be characterized by c,.*

* If the description of the regulatory setting had an
initially unregulated nmonopol i st choosing prices to maximze
profits, and only then a regulator came in and observed its cost,
he could also think of different technologies that were conpatible
with it. However, in the "true" situation 0O to which the regulator
wants to go, the observed cost would be different (higher) than the
observed cost of the unregulated nonopolist. It can be shown wth
a sinple exanple that beginning to regulate a nonopolist with wong
estimati ons of the cost structure would have an inpact on the
guantities of both products and on profits that depends on the type
of mstake made. (See the followng footnote.) The exanples and
denonstrations below, though, refer to technologies that generate
the sane cost as that of situation O, but not necessarily that of
an initially unregulated nonopolist.
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Table 1. Exanples to 5
Exanple 1: a;=a,=20, b,=1, b,=2.

g = .5 Situation 3| Stuation O Stuation 1| Situation 2
c, 2.2 2 1 0.5

c, 4.4 4 2 1

o 3. 354 10 43.23 59. 846
a, 17. 66 17.59 17.27 17.13
d, 7.74 7.82 8.18 8.35
P, 2. 34 2.41 2.73 2.87
P, 4.52 4.36 3. 64 3.31
C; 76. 27 76. 46 76.87 76.76
I1; 0.00 0.00 0.00 0.00
n, 0.13 0.14 0.16 0.17
7, 0.29 0.28 0.22 0.20
VCy/Cy 0.96 0.87 0.44 0.22
370 -0.02 0.00 -0.41 -0. 89

Exanple 2: a,;=30, a,=20, b;=1, b,=2.

g = .5 Situation 3| Situation 0| Situation 1| Stuation 2
c, 2.2 2 1 0.5

C, 4.4 4 2 1

o 1.298 10 53.512 75.268
d, 27.76 27. 69 27. 36 27.21
d, 7.79 7.91 8.49 8.76
P, 2.24 2.31 2. 64 2.79
P, 4.42 4.18 3.02 2.48
C; 96. 64 97.02 97. 85 97.63
I1; 0.00 0.00 0.00 0.00
M, 0.08 0.08 0.10 0.10
N, 0.28 0.26 0.18 0.14
VC,/C, 0.99 0.90 0.45 0.23
/0 -0.04 0.00 -0.83 -1.83
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Tabl e

1 (continuation)

Exanmpl e 3: a,=a,=20, b,=1, b,=2.
B =1 Situation 3| Situation Situation 1| Situation
C, 2.2 2 1 0.5
C, 2.2 2 1 0.5
o 4,713 10 36. 433 49. 649
a, 17.62 17.62 17.62 17.62
d, 8.81 8.81 8.81 8.81
P, 2.38 2.38 2.38 2.38
P, 2.38 2.38 2.38 2.38
Cy 62.87 62.87 62.87 62. 87
II; 0.00 0.00 0.00 0.00
N 0.13 0.13 0.13 0.13
n, 0.13 0.13 0.13 0.13
Ve, /Cy 0.93 0. 84 0.42 0.21
i/0 0.00 0.00 0.00 0.00
Exanple 4: a;=10, a,=15, b;=1, b,=2.
g =1 Situation 3| Situation Situation 1| Situation
C, 2.2 2 1 0.5
c, 2.2 2 1 0.5
o 7.311 10 23. 447 30.171
d, 7.38 7.42 7.60 7.69
q, 6.05 6.03 5.91 5.89
P, 2.62 2.58 2. 40 2.31
P, 2.89 2.94 3.17 3.27
C, 36. 86 36. 89 36. 97 36. 95
II; 0.00 0.00 0.00 0.00
n, 0.36 0.35 0.31 0.30
n, 0.24 0.24 0.27 0.28
VC,/C, 0.80 0.73 0.37 0. 18
/0 -0.003 0.00 -0.07 -0.16
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Tabl e

1 (continuation)

Exanpl e 5: a,=15, a,=10, b,=1, b,=2.
g =1 Situation 3| Situation Situation 1| Situation
c, 2.2 2 1 0.5
c, 2.2 2 1 0.5
o 6.779 10 26. 107 34. 161
o1 12. 34 12.32 12. 23 12.19
a, 3.76 3.79 3.93 3.99
P, 2.66 2.68 2. 77 2.81
P, 2.48 2.42 2.14 2.01
C; 42.19 42.21 42. 27 42.25
1T 0.00 0.00 0.00 0.00
n, 0.22 0.22 0.23 0.23
7, 0.33 0.32 0.27 0.25
VCy/C; 0. 84 0.76 0.38 0.19
10, -0.002 0.00 -0.06 -0.12
The conclusions obtained upon observation of these exanples are
follow ng ones:
1. Different beliefs held by the regulator about the conposition
the observed total cost between fixed and vari abl e cost,

correct about the relative margina

products, generate different price structures with
whenever equilibrium price-elasticity of demand
goods.

2. Wen believed fixed cost increases, the price
whose demand is less elastic increases, and the price of

good decreases.
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3. Wienever the regulator is mstaken -i.e., either if he over or
under estimates fixed costs-, the profits of the regulated firm are

negative.?

4., Naturally, as a mstake is nade, the sum of consunmers' surplus
and the firms profit is lower than the one under correct Ramsey
pricing. This is true even if there are distributive concerns that
indicate  departures from pure Ranmsey pricing, as those
consi derations are properly accounted for by incorporation of the
distributive characteristic of the different goods® instead of a

m scal cul ation of the conposition of total cost.

5. Changes in prices when estimted fixed costs go from20%to 80%,
depending on the characteristics of the demands, nmay be significant
(up to 30%, conparing situations 0 and 2 in Exanple 1, for
I nstance), whereas induced |osses could be higher than 1% of total

cost.

> If a nonopolist was initially unregulated, where the denand
functions are those corresponding to exanple 1, and the technol ogy
Is the one that corresponds to situation O in the same case, the
guantities that maximze profits are q]*i=9 and qg,=4, resulting in
C'=44 and profits (m) of 103. Cbserving g;, g; and C*, the regul ator
sets new prices, with the followng results: if he is right about
the technology (i.e., c¢;=2, c;=4 and o=10), profits are zero as
described in situation O (in particular C,=76,46); 1if he
overestimates fixed costs conpatible with q;, gz and ¢* (but not

with C, i.e., c;=1, c,=2 and «=27), both prices are |ower than
those of situation 0 and the regulated profits would be negative
(11=-17.98); finally, if he underestimates fixed costs (c,=2.2,

c,=4.4 and o=6.6), prices are higher and profits are positive
(I=3,18) .

¢ See Feldstein (1972).
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4. Discussion of Results 1 to 3.
Proof of Result 1. W can see fromthe first two first-order
conditions that gq,/g, varies with c,, when c,=8c,, With the sign of

a,-Ba,, according to the follow ng expression:

q

a(=22)
q _ b (a,-Ba,)
dc, b, (a,-c,)% '

Therefore, whenever a, is different than Ba,, q,/q, changes for
different values of c,, which nmeans that p,/p, changes too. This

proves result 1.

Proof of Result 2. Accordingly, using those two first-order
conditions, it can be shown that a,>pa, is equivalent (in this
i near setting) to n,<n,, indicating that q,/q, i ncreases wth c,
whenever 7,<n,, and, equivalently, that p,/p, increases when g,
decreases under this sane condition. Finally, if the two prices
changed in the sane direction, the budget constraint would not be
respected, as total income and total cost would nove in opposite
directions, whatever technology is in place (i.e., if prices
increase, total inconme also increases -with price-elasticities
| ower than 1-, but since both quantities decrease, total cost

decreases) .’ This proves result 2' above.

7 BEven if the price-elasticities were higher than one,
provided that regulated prices are under the rmnoEOIy | evel ,
margi nal incone is |lower than marginal cost for both products,
meaning that an increase in both prices would generate a reduction
in production with a higher reduction in cost than in income.

<10>



Proof of Result 3. Regarding result 3, note that total cost in
situation O is given by Cy=o,+ciql+ciqd, and by construction, if
technology is that corresponding to situation j, that sane cost, of
producing the sane output, is given by cC,=a+cigi+cig;, where by
construction oy-o,=q?(c?-cil)+qd(cl-ci), as was previously pointed out
using different notation. Also, if prices are regulated in a Ransey
manner for situation j, total cost in that situation is given by
C;=ay+cigi+cigl, whereas if the true technology is that corresponding
to situation 0, total cost ¢, (i.e., the cost of producing Ransey
output designed for situation j when the true technology is 0ois
given by a,+ciqi+ciqgl. Thus, the expression for C;-Cyp, replacing oy-

«, above, and since c¢,=fc,, iS given by

C;=Cypo = (cd-¢3) [B (@ -al) + (g -gd)]

Note that, taking infinitesinmal changes (denoting differentials
with »d"), the above expression indicates that c¢-c,,,<0 if and only
if B(dq,/dec,) +dq,/dc,<0. From the previous result we know that
dg,/dc,>0 and dq,/dc,<0 when a,>Bfa, (case 1), dq,/de,<0 and dg,/dc,>0
when a,<Ba, (case 2), and dq,/dc,=dq,/dc,=0 when a,=Ba, (case 3)

Therefore, since values of g lower than a,/a, nultiply the positive
termin case 1, and values of g higher than a,/a, multiply the
negative termin case 2, a continuity argument, using case 3 where
B=a,/a, precisely balances the two terns of opposite sign, vyields
C;-Cys0<0 for all g different than a,/a,. Finally, since (regulated)
incone is the sane in both situations (as prices are regulated
assumng that situation | prevails), result 3 is obtained:
I ndependent|ly of the direction of the error in the estimtion nmade
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by the regulator, if such mstake is nade, the level of profits of

the regulated firm (with respect to the one intended) is negative.

5. Concluding  Renarks.

The results of this paper indicate that a sounded regul atory
practice facing a multiproduct firm could be to rely on it for the
estimation of fixed versus variable costs, although no inplication
was derived regarding the relative variable costs thenselves. This
IS so because the firm has no incentive to msrepresent the true
figures, conducing then to the determnation of prices that

maxi mze social welfare.

Neverthel ess, that delegation to the firmis not free of problens.
First, as was nentioned in the introduction, there are dynamc
(strategic) considerations of the firmthat mght induce it to
report costs that generate a lower price for a product subject to
potential entry. Second, if the asymmetric information extends to
the denmand curve, where the belief held by the regulator about its
position and shape is incorrect, and this is known by the firm
there would be incentives to induce a price structure with a |ower
(higher) price for the good with price-elasticity higher (I|ower)
than the one believed by the regulator, as the resulting incone

woul d then be higher than expected by the regulator.'

® It is true that these features could be contenplated by the
regulator in order to "correct" the choices nade by the regul ated
firm The nodelling of this interaction would require some sort of
signaling game in which the regulator extracts information from the
firm as an application of the Revelation Principle. Following this
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