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Abstract

The common cost allocation of a multi-product firm is an old ac-
counting problem. It, however, has significance for the public enter-
prises here in Taiwan. Facing the trend of deregulation and liberal-
ization, it is vital for the public enterprise to price its product and
allocate its cost efficiently. By applying results from cooperative game
theory, this paper introduces efficiency tests for common cost alloca-
tion in a multi-product public enterprise. The tests are extended to
consider cases where international competition is possible. Finally,
this paper discusses the necessary adjustments needed when the cur-
rent operation of the public enterprise can not be sustained in a com-
petitive environment. Furthermore, the minimum protection needed
by the public enterprise in order to achieve other policy objectives is
also discussed.

1. Introduction

The common cost allocation is an old but important problem for a pub-
lic enterprise with multi-products (joint products). Since, the contribution

*An earlier version of this paper was presented in the First Pacific Rim Conference
on Resource Management, National Chiao Tung University. The author is grateful to
professor Jevons Lee of Tulane University and two anonymous referees for their helpful
comments. The author would also like to thank National Science Council for the ﬁnanclal
‘support of a related research project (NSC 80-0301-H-110-34R).
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of common resources to each product is hard to identify, the ways to assign
common cost to each product are also unclear. Furthermore, as the pricing
of public enterprise’s products usually depends upon their assigned cost,
the method to allocate cost of joint products also determines the prices
of these products '.The joint cost allocation problem carries special signifi-
cance for the public enterprises in Taiwan. Facing the trend of deregulation
and liberalization, public enterprises here find the threat of competition in-
creasingly credible. Under a competitive environment, efficient operation
of the public enterprise and, more specifically, efficient cost allocation and
pricing of the multi-products (joint products) becomes an important issue.
When the public enterprise is protected from competition, the common
cost allocation is a trivial problem. The common cost can be allocated
among its joint products (and priced accordingly) in a number of arbitrary
ways 2.As a result, cross subsidization between the products may occur.
Some products may be sold below (above) its due cost. This phenomenon
(cross subsidization) does not create problems for the public enterprise in a
protected environment. As long as the over-all revenue covers the over-all
production cost, the public enterprise can operate without any difficulty.
Once, however, the market protection is lifted, as soon will be the case
here, arbitrary joint cost allocation scheme may not stand against the com-
petitors’ challenge. The competitors can avoid the subsidized (low price)
product markets and compete with the public enterprise in the unsubsidized
(high price) markets. Since the competitors need not bear the burden of
subsidization in the low price markets, they enjoy competitive advantage in
the remaining high price markets. Therefore, in a competitive environment,
cost should be allocated in such a manner that cross subsidization between
products should not occur. In other words, the competitive cost alloca-
tion mechanism should be “subsidy-free”. The “subsidy-free” requirement
is an abstract concept. To be operational, specific tests are needed. As
the “subsidy-free” requirement is necessary for any competitive cost allo-

1The pricing principle for the products of a public enterprise here is to “reflect its due
cost” .For instance, according to the Energy Policy now adopted by the Administrative
Yuan,the prices of all petrochemical products should be set to “reflect their due costs”.
Products of other public enterprises are subject to similar pricing rules.

2For instance, the Chinese Petroleum Corp. currently allocates its joint cost according
to the prices of its products, and the Directorate General of Telecommuncations allocates
its joint cost by some specific physical measures.
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cation mechanism, the “subsidy-free” test therefore constitutes a test for
competability.

The purposes of this paper are two folds. (1) To develop workable
cross-subsidization tests for the joint cost allocation schemes under various
market environments. (2) Based on the results developed in (1), this paper
proceeds to study the necessary market limitations needed for different
policy objectives. Recent development in the cooperative game theory has
provided us a ready tool for our purposes. In this paper we apply some well-
known results in the cooperative game theory in developing tests for the
common (joint) cost allocation scheme. The necessity of some limitations
on market competition for various policy purposes is also discussed. In
deriving its analytical tool, this paper follows a similar approach adopted
by Sharkey [8], and applies the result to the state-owned enterprises in
Taiwan. The paper is organized as follows: In Section 2, we develop tests
for “subsidy-free” cost allocations. In Section 3, we extend our criteria to
incorporate considerations of international competition. In Section 4, we
discuss the adjustment of public enterprise’s products combination, when
no competitive “subsidy-free” prices can be achieved. Also we discuss the
necessary market limitations needed when, for some policy reasons, we want
to maintain some products subsidized. Our conclusions are in Section 5.

2. Common Cost Allocation and Subsidy-Free Prices

In this section, we elaborate the concept of “subsidy-free” prices, and
analyze their properties. In order to illustrate, we start with a simple
example. A public enterprise produce two products, z and y by using a
common input. The total cost of producing z and y can be expressed by:
C(z,y) = Co+Cy+C, , where C, and C, are the costs that can be directly
attributed to product = and y, and Cj is the common cost of producing «
and y. Let P, and P, be the prices of z and y in the product markets. If (1)
the cost of production can be fully recovered (P, +P, =C(z,y)) and (2) the
price of each product exceeds its individual cost (P, > C, and P, > C,),
then we call the set of prices (P, P,) “subsidy- free”.

This notion of “subsidy-free” prices can further be extended to public
enterprise with many products in a similar fashion. Let N={1,..., n} denotes
the set of all possible products of a public enterprise. Similarly, the set
of “subsidy-free” prices, {P;, Ps, ...,P,}, should satisfy the following two
corrditions:
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5P = C(N) ®
=1
> P.>C(N)—C(N/S), forall SC N (2)
1€s
Condition (1) says nothing but that the production cost should be fully re-
flected in the product prices, and condition (2) means that the prices of any
subset of products should at least cover the incremental cost of producing
these products. Condition (2) can, in turn, be interpreted as an “incre-
mental cost test” for cross subsidization between products. Subtraftlng (2)
from (1), we can further derive condition (3).

Y P <C(S) (3)

i1€s

Condition (3) suggests that to prevent cross subsidization, the prices of
any subset of products should be lower than the cost of producing these
product independently. If this condition is violated, then new firm can form
by simply producing the subset of product S. Condition (3) can, therefore,
be interpreted as a “stand alone test” for “subsidy-free” prices.

For a public enterprise facing competition in some of its product mar-
kets, the “subsidy-free” prices are necessary condition for economic effi-
ciency. In other words, conditions (1) and (2) (or (3)) must hold in order
to ensure the basic requirement of economic efficiency. We illustrate this
point with an example.

As an example, we assume the cost function of the public enterprise
is subadditive. That is, we assume the cost function satisfy the following
relation: C(S) + C(T) > C(SUT), for SNT # ). The assumption of
subadditive cost function simply implies that the firm has economy of scope
in its production activities, which is a natural assumption for most state-
owned enterprises. Now, suppose condition (3) is violated, and there exists
some subset of products, S, S C N, such that ¥, P, > C(S). This, in
turn, implies the subset of products, S, is subsidizing the remaining subset
of products, N/S. This point can be further elaborated by subtracting
Ties Pi < C(S) from condition (1). Conditions (4) and (5) can then be
derived.

2 Pi<C(N)-C(S) < C(N/S) (4)

t€n/s
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S P> C(S)> C(N)~C(N/S) (5)

i€s
Suppose there is a competitor, who can produce the subset S at a cost
H(S), such that: Y, i > H(S) > C(S) > C(N) — C(N/S). Under
the circumstance, the competitor can supply the subset of products S with
lower prices, H(S), and takes over the entire market of S. As a result of
competition, the prices of subsidized products, N/S, will go up (This can
be seen from condition (4).). The cost of providing N/S becomes its stand
alone cost, C(N/S). As a result of competition, the society’s total cost of
production will be higher than before.

H(S)+C(N/S) > C(N) — C(N/S) + C(N/S) = C(N) (6)

Equation (6) illustrates that when condition (3) is violated, cross subsidiza-
tion between products will occur. The phenomenon (cross subsidization)
implies profitable opportunities for the competitors, and entry may take
place in the unsubsidized markets. As a result of the competition, the sub-
sidized consumers as well as the society’s production efficiency as a whole
will suffer. To conclude this section, condition (3) (stand alone test) and/or
condition (2) (incremental cost test) are tests for “subsidy-free” prices, and
a set of “subsidy-free” prices is the necessary condition for economic effi-
ciency.

3. International Competition and Subsidy-Free Prices

Passing the “incremental cost test” or the “stand alone test” guarantees
a set of “subsidy-free” prices. A set of “subsidy-free” prices is, however,
only the necessary condition for economic efficiency. It is not sufficient to
determine the enterprise’s cost allocation and pricing decisions. Several
points worth stressing: (1) There may exist many sets of “subsidy-free”
prices. That is, the “stand alone test” or the “incremental cost test” can
not determine a unique set of product prices. (2) These tests are based
only on the public enterprise’s own cost function, they do not consider
the competition from outside environment. For instance, suppose besides
domestic production, products can also be imported from abroad. Ifit is the
case, product prices in the international market should also be considered
as constraining factors in the common cost allocation.
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We shall further elaborate the second point with an example. Suppose,
in the example discussed in Section 2, the product prices are adjusted so
that no cross subsidization occurs. Hence, the set of prices, { Py, P, ..., P,},
is “subsidy-free”. Suppose further that the competitor can import some
subsets of products, S, S C N , at costs G(S), S C N. If G(S) < C(S)
and C(N) — C(N/S) < G(S) < Ties P < C(S) , then the competitor can
still take over the markets of subset S even if {P;} is “subsidy-free”. If
this happens, the consumers of the remaining subset of products, N/.S, will
have to pay a higher cost, C(N/S), and the production efficiency of the
whole society will also suffer. (Since, C(N/S)+ G(S) > C(N).) Therefore,
if there are alternative sources of products (import), “subsidy-free” prices
alone no longer guarantee efficiency. We must also consider the limitation
imposed by the environment when allocating the product costs.

To extend our analysis to include the consideration of foreign competi-
tion, we proceed as follows: Let the international prices of the products be
denoted by {4;, A, ..., A,.}. To be competitive, the cost allocation and
pricing of the public enterprise’s products must satisfy three conditions.

2 P=C(N) (M)

=1
ZP;ZC(N)—C(N/S), forall SC N (8)
1€s
P, < A;forallie N (9)

Conditions (7) and (8) merely restate conditions (1) and (2). Condition
(9) represents the additional limitations imposed by the potential foreign
competitors. It is clear that conditions (7), (8) and (9) are tougher cri-
teria to satisfy. One might wonder whether any cost allocation rule can
simultaneously satisfy all three conditions. Indeed, when considering in-
ternational competition, competitive “subsidy- free” prices may not at all
exist. Technical requirements on the shape of cost function that guarantee
solutions have been developed (see, for instance, Sharkey [7]). In this paper,
however, we save ourselves from the technical aspects, and focus on the ad-
justment strategies of the public enterprises and the policy considerations
of the government when the “subsidy-free” prices fail to exist.
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4. Adjustment Strategies and Policy Considerations
When Subsidy-Free Prices Do Not Exist

If a public enterprise can not allocate cost to satisfy conditions (M), (8)
and (9) simultaneously, then it can not maintain current level of operations
when facing competition. Then either (1) adjustment must be made to the
current bundle of products by the public enterprise or (2) some limitations
on the product markets are needed in order to sustain the public enterprise.
This section discusses the necessary adjustment of the product mix of the
public enterprises and the necessary limitations on the competition in order
to sustain it.

Since, in a competitive environment, conditions (7), (8) and (9) must
hold for any multi-product firm, this should also hold for the multi-product
public enterprise. If a public enterprise with the product set,N, can not
allocate its common cost to satisfy all three conditions, then adjustment
must be made to the size of its product set in order to survive in the
competitive market. A competitive product set can be developed by the
following steps: (1) For any subset, S, § C N, check whether S satisfy
conditions (7), (8) and (9). (2) Denote the set of all the subsets that satisfy
conditions (7), (8) and (9) by S, $={S1, S, ..., Sr}. The optimal product
bundle (the subset S;) can be determined by the subset that maximizes the
objectives of the government - consumer and producer surplus. (3) if, how-
ever, no subset of products can satisfy the three conditions simultaneously,
ie. § = 0, then fundamental improvement must be made to the firm'’s
production (cost) function. Or else the firm may not survive in a perfectly
competitive market environment.

There are times that perfect competition does not serve the public in-
terests. For various policy reasons 3, the government may like to keep some
of the products that otherwise can not survive in a competitive environ- .
ment. Some protection is needed. Too much protection, however, breeds
inefficiency. To ensure economic efficiency as well as policy objective, only
minimum protection should be devised. How, then, can the minimum pro-
tection be identified? v

This paper introduces a method to determine the minimum protection
needed to sustain a given public enterprise with some cross subsidization

3Say, for instance, economic equity.
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between products. From the analysis above, we know that the cross subsi-
dization of products can not exist in a perfectly competitive environment.
That is, the system of equations (7), (8) and (9) can not be satisfied simul-
taneously by a set of cross subsidized prices, {P,, P, ..., ﬁn} One way of
achieving policy objective (some degree of product subsidization) as well as
economic efficiency is by redefining the public enterprise’s “product”. By
grouping the cross subsidized products as a new “product”, the public en-
terprise can alleviate the undesirable competition caused by products cross
subsidization. The “product bundling”, therefore, can be seen as a pro-
tective measure. The finest partition of product bundles that can sustain
the public enterprise in the competitive market is the minimum protection
needed. Once the policy decision has been made, government can devise
protective measure to achieve its goal by redefining “products” by various
product bundles.

5. Conclusion

The common cost allocation of a multi-product firm is an old account-
ing problem. It, however, has significance for the public enterprises here in
Taiwan. Facing the trend of deregulation and liberalization, it is vital for
the public enterprise to price its product and allocate its cost efficiently. By
applying results from cooperative game theory, this paper introduces effi-
ciency tests for common cost allocation in a multi-product public enterprise.
The tests are extended to consider cases where international competition
is possible. Finally, this paper discusses the necessary adjustments needed
when the current operation of the public enterprise can not be sustained in
a competitive environment. Furthermore, the minimum protection needed
by the public enterprise in order to achieve other policy objectives is also
discussed. :
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