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1. Introduction 
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analysis, a regulated firm subject to a rate of return constraint on 

its capital base integrates into the production of capital. His 

analysis demonstrates that such integration can eliminate the overuse 

of capital first explored by Averch and Johnson (1961). His analysis 

also shows that regulation can be made ineffective by upstream 

integration unless the regulator extends the rate of return regulation 

upstream. 

This paper provides an alternative analysis of the effects of 

upstream vertical integration by a regulated firm. The analysis 

considers integration into the production of an intermediate input 

whose costs are automatically transferred to the downstream customers. 

Instead of focusing attention on the rate of return regulatory 

constraint, the approach utilizes the implied price constraint that 

most regulated firms face. The approach also assumes that capital at 

the downstream level is fixed; therefore, it abstracts from Averch-

Johnson effects. Finally, the analysis assumes no market power by the 

sellers of the input. The analysis, however, does allow for the 

regulated firm to have monopsony power in the purchase of the input. 2 

The analysis presented below has relevance for any regulated firm 

that purchases an input whose costs are directly passed through to end 

users. Within the United States natural gas and electric utilities are 

often subject to such regulation. For example, interstate natural gas 

pipelines generally file semi-annual Purchase Gas Adjustments (PGAs) 

with the Federal Energy Regulatory Commission to account for changes in 

2 For example, independent producers of natural gas in a field 
may have no market power, but the pipelines powen. 



their costs of natural 



2. The unregulated firm 

Table I summarizes 
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Table 1 

Notation 

Description 

Quantity of input purchased from affiliated suppliers 
Quantity of input 





Although vertical integration results in production that does not 

minimize production costs, vertical integration can result in an 

increase in output and total surplus.3 To see this, suppose that the 

level of affiliated production is temporarily fixed at xa for some 

time.4 The firm would then select the level of nonaffiliated purchases 

to maximize profits. The first order condition for the modified 

maximization problem is given in equation (2b). For each level of x a' 

equation (2b) implicitly defines a level of �~�.� It is, therefore, 

meaningful to determine how �~� changes as xa changes. The relationship 

is: 

ax a2R 
n ax2 

(4) 
a2R a

2
w ax 

2·
aw 

a 
ax2 

- --·x 
ax ax2 

n n 

The denominator of equation (4) is negative by the sufficient second 

order conditions of profit maximization. When the firm is not a 

monopsonistS �(�a�w�/�a�~�-�O�)�,� equation (4) collapses to �a�~�/�a�x�8� -1 

indicating that the firm cuts back on nonaffiliated purchases as fast 



monopsonist �(�a�w�/�a�~�>�O�)�,� �a�~�/�a�x�a� > -1 indicating that the firm reduces 

nonaffiliated by less than one unit as it increases affiliated 

purchases by one uni t. Thus, the total amount of x used would 

increase. Because the total amount of x used increases and the cost 
a 

of x is below the marginal revenue product (equations (2a) and (2b», 

vertical integration necessarily leads to an increase in total surplus 

when the firm is a monopsonist. Given equation (4) and the assumption 

that the (inverse) demand curve slopes the the in of (2a) 315 total the 



economic welfare. Furthermore, vertical integration leads to no loss 

in consumer welfare.7 

3. Price regulation and vertical integration 

Government constraints (except, perhaps, taxation) are generally 

ignored in analyses of firm behavior. With Averch and Johnson (1961) 

economists began to more rigorously consider the many other constraints 

that government often places on businesses. One such constraint is a 

pricing constraint. Public utilities often are severely restricted in 

their ability to set prices. With the increase in variance of energy 

prices since the late 1960s, many public utilities now face per unit 

price constraints that can be divided into two parts. The first part 

reflects some input cost (usually a fuel cost) and changes in the input 

cost are automatically passed through to consumers.8 The second part 

allows for a margin between price and the average cost associated with 

the adjustable input cost. The margin goes toward the other variable 

cost of the firm and, perhaps, an amount to help cover the fixed costs 

of the firm. 9 

In terms of the notation of Table 1, the price constraint can be 

represented by: 
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solution, the vertically integrated regulated firm has a new variable 

that it can adjust: the transfer price of affiliated purchases. 

Therefore, the vertically integrated regulated firm selects its 

purchases from affiliated supplies, its purchases from nonaffiliated 

suppliers, and its transfer price to maximize equation (1) subject to 

the constraint given in (6). The Lagrangian for this constrained 

maximization problem is: 

(7) L = R(X) - c(x ) - w(x )·x 
ann 

+ A' [a + a·(w x +w(x )x )/(x +x ) - P(f(x»] a ann a n 

Necessary conditions for profit maximization are: 

(8a) 

(8b) 
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+ A'a' [w ·(x +x ) - w·x - w(x )·x ] a a n a ann 

aR 
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aw 
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n 

aw 
[-w x + w(x )·(x +x ) + ax .xn·(xa+ a a nan x ) - w(x ). x ] 

n n n 
+ A·a·----------__________________ �n�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
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(8d) 
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acquiring the input. It minimizes costs by purchasing affiliated and 

nonaffiliated supplies just if it was not regulated. 

To maintain its ability to regulate the downstream price, 13 the 

regulatory body must restrict the price of affiliated purchases. In a 

world with no information costs, the regulators could set the transfer 

price at the price paid for nonaffiliated transactions. Regulators, 

however, in practice, will have some error in measuring prices and in 

enforcement. Therefore, the affiliated transfer price constraint will, 

in effect, constrain the transfer price to be equal or less than the 

price of nonaffiliated purchases plus some error, 6. The constraint 

can be represented as 

(9) w �~� w + 6 a n 

where wn is the price of nonaffiliated purchases. The constraint (9), 

however, gives the integrated firm yet another avenue to evade the 

price constraint. The integrated regulated firm may artificially 

inflate wn to avoid detection of its artificially inflated affiliated 

purchase prices. Therefore, the analysis of the integrated regulated 

firm will now also consider the firm choosing wn to maximize profits. 

Whether the firm wishes to raise wn above the market price �w�(�~�)� or 

lower wn below the market price is a priori unknown. The 



(10) w �~� w(x) 
n n 

The vertically integrated firm under effective regulation would, 

then, desire to maximize (1) by choosing x a ' �~�,� wa ' and wn subject to 

the constraints (6), (9) , and (10) 0 The Lagrangian for the 

maximization problems is: 

(11) L R(x) - c (x ) - w(x ) 0 x 
ann 

+ Ao [a + ao(w x + w x )/(x + x ) - P(f(x»] 
a ann a n 

+J.£o[w+O-w] n a 

+ '7°[w - w(x)] 
n n 

The necessary conditions of profit maximization are: 

(12a) 
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ax ax ax 
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�-�~�'�f�]� + AO a o a a n a a nn 

(x + x )2 af a n 

(12b) aL aR 
ax ax w 

n n 

w o (x +x) - w x ) a a n a n nn aw + Ao a o 

[ (w x + 

x )2 
aPf] - '7 0

-

(12c) 
aL 
aw 

a 

(x + a n 

x 
Aoao a 

(x + x ) 
a n 

af ax 
n 

- J.£ o 

14 

o 

0 



(12d) 

(12e) 

(12f) 

(12g) 
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There are three constraints in the analysis, each of which mayor may 

not be binding. Thus, it would appear that there are eight different 

solutions to consider. Examination of the necessary conditions for 

maximization, however, reveals that there are only three situations to 

consider--one of which has already been discussed. This focusing 

begins with 

Proposition 3: For the integrated firm under regulation with 
control of transfer prices, the transfer price 
constraint is binding if and only if the downstream 
price constraint is binding. 

The proposition is a direct result of equation (12c). The constraints 

are binding if their respective Lagrange multipliers are not zero. As 

long as firm purchases from affiliated suppliers (x >0), A and).' have 
a 

the same sign. When one constraint is not binding, then (12c) also 

implies that the other is also not binding. In this situation, 

equation (12d) then implies that the market constraint is binding 

(,,=x >0) and equations (12a) and (12b) collapse to equations (2a) and 
n 

(2b); therefore, the firm behaves as if it was not regulated. Or, 

15 



Proposition 4: For the 



4 states that one of the solutions--when the regulatory constraints are 

not binding--is simply the unregulated solution discussed in Section 2. 

Therefore, only two solutions remain to be discussed: first, the case 

when regulation and the market constraints are binding; and second, the 

case when regulation is binding and the firm pays above market prices 

for nonaffiliated supplies. 

First consider the case when all the constraints are binding. 

From equations (12c) and (12d), �~�=�x� -A·a. 
n 

The level of nonaffiliated 

purchases (x ) 
n 

represents the loss from an increase in the 

nonaffiliated prices. The term A·a represents the increase in revenue 

from an increase in nonaffiliated price. When the market constraint is 

binding the loss from raising the nonaffiliated price (w ) is greater 
n 

than the gain in revenue; therefore �~� is positive �(�~�>�O�)�.� However, 

nothing in the structure of the analysis restricts �~� to be positive. 

If �~� is negative, its interpretation, of course, would be different. 

The correct interpretation would be that the regulators perfectly 

restrain the firm from purchasing nonaffiliated supplies at above 

market prices. Hence, the analysis of this case would apply to a firm 

constrained by regulation to pay the market price for nonaffiliated 

supplies as well as to a firm constrained by the market to pay the 

market price for nonaffiliated gas. 

In this situation the Lagrangian (11) can be simplified because 

the affiliated pricing constraint and the market constraint are 

binding. Substituting w(x ) 
n 

for 

downstream price constraint (8) gives: 

17 
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(13) P(f(x» a + a-w(x ) + a-5-
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suppliers than does the unregulated firm. The last term on the right 

hand side of (16) represents the increase in revenues from purchasing 

an additional unit of affiliated supplies. As long as regulation 

imperfectly monitors affiliated transactions (8)0), revenues increase 

as affiliated purchases increase. The gain in revenues represents an 

additional return to affiliated purchases. As a result, affiliated 

purchases would increase, ceteris paribus. 

To examine how changes in vertical integration affect the 

downstream price, first suppose that the amount of affiliated purchases 

is temporarily fixed. The firm would then select the amount of 

nonaffiliated purchases (x ) to maximize profits. The downstream price 
n 

constraint, however, would effectively determine the level of x 
n 

purchased. Given an amount of affiliated purchases, the firm then has 

no choice of nonaffiliated purchases. The downstream price constraint 

implicitly defines the level of nonaffiliated purchases as a function 

of affiliated purchases. It is therefore meaningful to determine from 

the constraint how x changes with respect to x. The relation is: 
n a 

_ [a.s. xn 8P fJ 8x (x +x )2 8f 

(17) 
n a n 

8x 
8w x 

8P a 
0·8· 

a 
f' 0·--

2 8f 8x 
n (x + x ) 

a n 

The numerator is clearly negative and the denominator is positive by 

the first order conditions; 14 therefore, the expression is negative. 

14 See equation (lSb). 
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This is consistent with the structure of the production function in 

which affiliated and nonaffiliated supplies are perfect substitutes. 

Now suppose that the firm is not a monopsonist. Then (17) clearly 

indicates that ax lax < -1; a unit increase in affiliated purchases 
n a 

leads to more than a unit decline in the purchase of nonaffiliated 

supplies. In terms of the downstream price, 

Proposition 5: For the integrated regulated firm with all 
constraints binding, if the firm is not a 
monopsonist then the downstream price will increase 
with increases in vertical integration as measured 
by increases in affiliated purchases. 

In fact, the firm not being a monopsonist is a sufficient 

condition for Proposition 5, not a necessary one. Manipulation of the 

derivative in (17) reveals that ax lax <-1 as long as 5/(x +x »aw/ax . 
n a ann 

The intuition behind the relationship is simple. The term 5/(x +x ) a n 

approximates the increase in price given a unit increase in affiliated 

purchases. The term aw/ax approximates the decrease in price given a 
n 

unit decline in nonaffiliated purchase (because the market input price 

declined in response to decreased purchases) . As long as 

5/(x +x »aw/ax , the downstream price will rise with an increase in ann 

affiliated purchases. For a unit increase in affiliated purchases, 

total purchases must decline; therefore, nonaffiliated purchases must 

decline by more than one unit. 

Now consider the case when the regulatory constraints are binding, 

but the input market constraint is not binding. That is, the situation 

when the firm is constrained by regulation yet manages to raise the 

20 



downstream price (and total profits) by paying above market prices for 

nonaffiliated supplies_ 

In this case the firm would select 

profits given by 

(18) �~� = R(x) - c(x ) - w -x 
ann 

subject to the downstream price constraint: 

(19) P(f(x» = a + a-w 
n 

x 
+ a_5_--a-

x + x a n 

and w 
n 

The Lagrangian for the constrained maximization profits is: 

(20) L - R(x) - c(x ) - w x 
a n n 

x 
+>..-[a+a-w+ a-5- a 

x + x - P(f(x»] 
a n 

The necessary conditions for profit maximization are: 

(21a) 
aL aR ac 
ax ax ax a a 

'Eso 
x ap Of] a 

0 + 
2 af (x +x ) 

a n 

(21b) 
aL aR 
ax ax w 

n n 

'f . x ap of] -0 + a-5- a 
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(21c) 
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aL x 
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As before, the first two conditions can be rearranged to give the 

relationship between affiliated and nonaffiliated purchases. 

(22) 
oc 
ox 

a 



a2
1f 

ax ax ax 
(23) 

n n a 
ax a2

1f a 

ax2 
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[- ap .f' 2·0·x ] a 
af (x 



and when the firm is not currently integrated (x =0) because the right 
a 

hand side of (24) is negative. In these situations an increase in the 

level of affiliated purchase leads to a net reduction in input 

purchases (ax lax <-1), which causes the downstream price to rise. Or, 
n a 

in other words: 

Proposition 6: For the integrated regulated firm unconstrained by 
the market price of nonaffiliated purchase, if i) 
regulation constrains the transfer price to equal 
the price for nonaffiliated purchases, or ii) the 
firm was not previously integrated, then additional 
affiliated purchases will raise the downstream 
price. 

A short example illustrates some of the features of the potential 

solutions in this case. Let output equal the amount of input, f(x) -

x. Further, let the transfer price equal the nonaffiliated price 

(6-0), and let the level of affiliated purchases be temporarily fixed. 

The first order condition for 



inflated transfer price). If the level of affiliated purchases was 

also less than the level that a monopolist 





Table 2 

Comparative Statistics 

Parameters 
Model 



estimates of the parameters. If the available data are not of 

sufficient quality to produce reliable results, the method will not be 

useful. Second, even if reliable estimates of the comparative 

statistics are available, they may not determine which model is 

appropriate to analyze the acquisition. For example, suppose estimates 

consistent with those predicted for an unregulated firm that was not a 

monopsonist were obtained. These estimates are also consistent with a 

regulated firm. Therefore, additional information would still have to 

be used. 

The first order conditions provide some indication of where 

additional information comes from. Consider equation (15a) which 

states that the marginal revenue product of affiliated purchases is 

equal to the marginal costs plus an amount reflection the regulatory 

constraint. From studies of market demand elasticity (of which there 

are many for regulated industries), estimates of the marginal revenue 

product may be derived. From documents, estimates of marginal cost may 

be discovered. These numbers can then be used to help decide whether 

regulation is binding or not. If marginal revenue product is 

substantially less than marginal cost of affiliated purchases, then 

there is strong evidence that regulation is binding. 

Of course, other evidence is also relevant. The price differences 

between affiliated and nonaffiliated production (8) is important to the 

analysis. The ability of the regulator to control the transfer price 

should be considered as should the ability of the regulator to control 

the nonaffiliated price. In summary, the more information a regulator 

has .5 145.93 Tm (a )Tj 0.05 To0 Tm help of 





to ensure that vertical integration by regulated firms does not lead to 

an increase in the downstream price is to limit the transfer price and 

the price of nonaffiliated supplies. In situations where regulators 

have neither adequate authority nor sufficient information to control 

input prices, vertical integration can lead to downstream price 

increases--even to levels above the monopoly price. 

30 



References 

Arrow, Kenneth J. "Vertical Integration and Communication." Bell 
Journal of Economics and �M�a�n�a�~�e�m�e�n�t� Science 6 (Spring 1975): 173-
83. 

Averch, Harvey, and Leland L. Johnson, "Behavior of the Firm Under 
Regulatory Constraint." American Economic Review 52 (December 
1961): 1052-69. 

Coase, Ronald H. "The Nature of the Firm." Economica 4 (1937): 386-405. 

Dayan, David. Vertical �I�n�t�e�~�r�a�t�i�o�n� and Monopoly 
Dissertation, Princeton University. Ann 
University Microfilms, 1973. 

Regulation. Ph.D. 
Arbor, Michigan: 

Joskow, Paul L. "Vertical Integration and Long-term Contracts: The Case 
of Coal-burning Electric Generating Plants." �:�:�:�.�J�.�:�:�:�o�~�u�~�r�,�"�"�n�.�.�,�a�,�"�-�,�l�,�,�-�-�.�.�.�.�;�o�:�:�:�.�.�f�=�-�-�=�=�L�a�=�w� ...... , 
Economics. and �O�r�~�a�n�i�z�a�t�i�o�n� 1(1) (Fall 1985): 33-80. 

Klein, Benjamin, Robert G. Crawford, and Armen A. Alchian. "Vertical 
Integration, Appropriable Rents, and the Competitive Contracting 
Process." Journal of Law and Economics 21 (1978): 297-326 

Perry, Martin K. "Vertical Integration: The Monopsony Case." 
American Economic Review 68 (September 1978): 561-70. 

Scherer, Frederick M. Industrial Market Structure and Economic 
Performance. 2nd. ed. Boston: Houghton Mifflin Company, 1980. 

Vernon, John M., and Daniel A. Graham. "Profitability of Monopolization 
by Vertical Integration." Journal of Political Economy 82 
(July/August 1974): 924-5. 

Westfield, Fred M. "Vertical Integration: Does Product Price Rise or 
Fall?" American Economic Review 71 (June 1981): 334-346. 

Williamson, Oliver E. "The Vertical Integration of Production: Market 
Failure Considerations." American Economic Review 61 (May 1971): 
112-27. 

31 


