
1. INTRODUCTION

Previously regulated industries have both na-
turally monopolistic and potentially competitive 
segments. Industries such as telecommunications, 
electricity, natural gas, water, railroads and the pos-
tal service can be viewed as having vertical structure. 
Naturally monopolistic segments of these industries 
are often referred to as bottleneck segments. In the 
telecommunications industry, local loops can be re-
garded as the naturally monopolistic segment, while 
long distance and the value-added services can be 
regarded as potentially competitive. In the electric 
power industry, transmission and distribution are na-
turally bottleneck segments, whereas electricity ge-
neration is potentially a competitive segment. In the 

natural gas industry, pipelines are the naturally mo-
nopolistic segment, while extraction can be classifi-
ed as a potentially competitive segment. Similarly, in 
the railroads industry, tracks and stations are in the 
bottleneck segment, whereas passenger and freight 
services are in the potentially competitive segment. 
All of these industries are similar in the sense that 
they contain both potentially competitive (bottle-
neck) segments and natural monopolistic segments.

Therefore, effective potential competition requi-
res the non-discriminatory access to bottleneck seg-
ments. This is known as unbundling and/or access 
pricing policy, and the bottleneck input that is sub-
ject to this policy is called unbundled network ele-
ments (UNEs).  Without question, unbundling and/
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ABSTRACT 

Mandatory network unbundling is perhaps one of the fore-
most topics in regulatory economics today. The concept has 
crucial importance in the deregulation of many previously re-
gulated industries including telecommunications, gas, elect-
ricity and railroads. Moreover, the topic has emerged as one 
of the more prominent issues associated with the implemen-
tation of the 1996 Telecommunication Act in the United Sta-
tes. Upon initial examination, establishing the correct costing 
standards and/or determining the correct input prices would 
seem important for sending the correct price signals to the 
entrants for their efficient make-or-buy decisions. However, 
Sappington uses a standard Hotelling location model to show 
that input prices are irrelevant for an entrant’s make or buy de-
cision. In this study, we show that this result is closely related 
to the specific conditions of the Hotelling framework. Speci-
fically, it is shown that input prices are irrelevant when firms 
produce homogeneous products, but are relevant for make-
or-buy decisions when the entrant and incumbent produce 
differentiated products under Bertrand price competition fra-
mework. These results suggest that, in general, it is important 
for regulators to set correct prices in order to not distort the 
entrants’ efficient make-or-buy decisions. 

Keywords: Input prices, mandatory unbundling, make-or-
buy decisions, deregulation, product differentiation

ÖZET

Zorunlu ağ ayrıştırılması, günümüzde regülasyon ekonomi-
sinin belki de en önde gelen  konularından biridir. Kavram tele-
komünikasyon, gaz, elektrik ve demiryolları dahil olmak üzere 
çok  sayıda önceden düzenlemeye tabi  endüstrinin deregü-
lasyonunda çok büyük öneme sahiptir. Ayrıca, konu, Amerika 
Birleşik Devletleri’nde 1996 Telekomünikasyon Yasası’nın 
uygulanmasına bağlantılı olarak, daha bilinir meselelerden 
biri olarak ortaya çıkmıştır. İlk incelemede doğru  maliyet 
standartların oluşturulması ve/veya doğru girdi fiyatlarının 
belirlenmesi, piyasaya yeni giren firmalara verimli yapma-
veya-satın alma kararları için doğru fiyat sinyalleri göndermek 
açısından önemli gibi görünmektedir. Ancak, Sappington pi-
yasaya yeni giren bir firmanın yapma-veya-satın alma kararına 
ilişkin girdi fiyatlarının ilgisizliğini göstermek için standart 
Hotelling lokasyon modelini kullanmıştır. Bu çalışmada, bu so-
nucun  Hotelling çerçevesinin özel koşulları ile yakından ilgili 
olduğunu gösterdik. Spesifik olarak, firmalar homojen ürünler 
ürettiklerinde girdi fiyatlarının ilgisiz olduğu, fakat yeni giren 
firma ve yerleşik firma farklılaştırılmış  ürünler ürettiklerinde 
yapma-veya-satın alma kararları için girdi fiyatlarının ilgili 
olduğu Bertrand fiyat rekabeti çercevesinde gösterilmiştir. Bu 
sonuçlar  genel olarak düzenleyici kurumların (regülatörlerin) 
piyasaya yeni giren firmaların verimli yapma-veya-satın alma 
kararlarını bozmamak için doğru fiyatlar belirlemesinin önemli 
olduğunu ileri sürmektedir.

Anahtar Kelimeler: Girdi fiyatları, zorunlu kullanıma 
açma, yapma-veya-satın alma kararları, deregülasyon, ürün 
farklılaştırması
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or access pricing is the main policy instrument for 
introducing competition in these industries. In other 
words, access pricing is a critical policy for deregula-
tion of industries where a vertically integrated domi-
nant firm controls the supply of a bottleneck input.

In the United States, the most recent and perhaps 
the most important example of unbundling as an in-
dustrial policy is the 1996 Telecommunications Act.1  
Section 251(d)(2) of the 1996 Telecommunications 
Act directs the Federal Communications Commissi-
on (FCC) to determine the specific network elements 
that incumbent local exchange carriers (ILECs) must 
provide to their competitors on an unbundled ba-
sis at “cost-based” rates.2  In other words, in order to 
introduce competition into the telecommunications 
industry, the 1996 Telecommunications Act requires 
incumbent providers to unbundle their networks and 
lease individual network elements to any requesting 
telecommunications carrier. This concept is known as 
a mandatory unbundling policy and is prevalent in 
many network industries throughout the world. As 
a direct result of these unbundling policies, optimal 
access pricing for unbundled network elements has 
become a prominent issue in regulatory economics.3 
Determining the optimal access charges is a comp-
lex issue and lies at the core of deregulation efforts 
in network industries. In other words, a sound access 
pricing policy is crucial for the efficient development 
of competition in industries with bottleneck inputs. 
In addition, Laffont and Tirole (2001) pointed out that 
an optimal access charge policy must serve numerous 
purposes.  Specifically, an optimal access charge po-
licy must generate efficient use of networks, encoura-
ge incumbents to invest, promote cost minimization, 
and create an efficient amount of entry into infrast-
ructure, and do all this at a reasonable regulatory cost. 

Laffont and Tirole (2001) observe that high access 
prices not only prevent society from reaching a desi-
red level of competition by raising barriers to entry and 
perhaps allowing the incumbents to sustain their mo-
nopoly power in the potentially competitive segments 
of the industry, but also lead potential competitors to 
engage in socially inefficient bypass and/or duplication 
of facilities. Conversely, low access prices might create 
socially inefficient entry and discourage competitors 
from investing in their own facilities. Low access prices 
may also discourage the incumbents from maintaining 
and upgrading their facilities. As Laffont and Tirole 
(2001) point out, the access price is critical in order to 
give incumbents the correct signals for their choices of 
investment in infrastructure and induce potential com-
petitors to enter into socially desirable segments. 

The 1996 Act requires incumbent providers to 
supply unbundled network elements to rivals at 
cost-based prices. Note that the ILECs and the com-
petitive local exchange carriers’ (CLECs) have oppo-
site assertions regarding the structure of cost-based 
rates. The ILECs postulate that economic efficiency 
requires that prices for UNEs be based on the actu-
al, forward-looking costs. Conversely the CLECs con-
tends that economic efficiency demands that prices 
for UNEs be based on the forward-looking costs of 
an ideally efficient ILEC as this standard is consistent 
with the competitive market structure that the 1996 
Telecommunications Act envisioned.4 Both postu-
lations can be criticized for different reasons. ILECs 
may have incentives to misreport their actual costs. 
Whether the inefficiencies of ILECs should be ref-
lected in UNE prices is another point of criticism. In 
addition, the ILEC might not have proper incentives 
to achieve efficiency if UNE prices are based on ac-
tual costs. On the other hand, it is difficult to define 
the ideally efficient ILEC. In other words, what is the 
proper standard to determine that constitutes “an 
ideally efficient” ILEC is a subtle question to answer. 
Moreover as Weisman (2000, p. 196) stated “If regu-
lators had sufficient information to implement the 
efficient–firm cost standard, competition would be 
wholly unnecessary.”

 The pricing methodology implemented by the 
U.S. Federal Communications Commission (FCC) was 
initially based on total element long-run incremen-
tal cost (TELRIC).5  As Gayle and Weisman (2007a, 
p.196) stated, “following the passage of the 1996 
Act, the FCC and the individual state public service 
commissions engaged in efforts to determine cos-
ting standards that provide entrants with the right 
price signals to make or buy the input required for 
downstream production.” The FCC has recently revisi-
ted this pricing methodology out of concern that the 
TELRIC methodology may yield prices that serve to 
distort the entrant’s make-or-buy decision.6

Upon initial examination, establishing the correct 
costing standards and/or determining correct input 
prices would seem important for sending the correct 
price signals to entrants for their efficient make-or-
buy decisions. This is not true in all cases, however. 
Sappington (2005), for example, uses a Hotelling lo-
cation model for product differentiation to show that 
the entrant’s efficient make-or-buy decision is inde-
pendent of the price of the input. More specifically, 
Sappington’s model reveals that the market entrants’ 
decision for making or buying an input required for 
downstream production depends on a comparison 
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between their cost and the incumbent’s cost of ma-
king the input, rather than evaluation between their 
cost and the input price at which the input can be 
purchased from the incumbent. Sappington sum-
marizes this result as irrelevancy of input prices for 
make-or-buy decision. As also stated by Weisman 
and Gayle (2007a), Sappington’s analysis emphasi-
zes a very important result that was first asserted in 
a seminal article by Chen (2001). Chen shows that a 
downstream firm (entrant) is able to soften downs-
tream competition by strategically purchasing an 
input from a vertically integrated firm (incumbent). 
The reason behind such a behavior of downstream 
firm is that a vertically integrated firm will behave 
less aggressively in the downstream market when 
its upstream profitability is directly related to downs-
tream competitors’ demand for upstream input. Ac-
cording to Gayle and Weisman (2007a), competitor’s 
strategic effect dominates the entrant’s make-or-
buy decision in the standard Hotelling framework. 
Sappington’s conclusion is provocative since, if ge-
nerally correct, it suggests that the efforts of the re-
gulatory authorities to determine the correct prices 
for unbundled elements are largely pointless beca-
use input prices are irrelevant for efficient make-or-
buy decisions. 

Following Sappington (2005), Gayle and Weis-
man (2007a) showed that, in the vertical Bertrand 
competition framework, input prices are not irrele-
vant and they concluded that “this line of research 
would benefit from a more general modeling frame-
work as opposed to the rather specialized models 
that we employ in this paper and that Sappington 
employs in his article.” 7,8  

There are three types of commonly used pro-
duct differentiation models in literature: The Hotel-
ling location (spatial) product differentiation, The 
Vertical product differentiation and Representative 
consumer models. The Hotelling framework for dif-
ferentiated products is a horizontally differentiated 
approach, whereas Gayle and Weisman (2007a) use a 
vertically differentiated approach in their analysis. In 
the vertically differentiated approach, the points in 
the characteristic space corresponding to the set of 
goods lie on the same ray vector through the origin 
representing higher quality farther out along this ray. 
Therefore, if these goods were sold at the same pri-
ces, every consumer would rank these goods in the 
same order. Conversely, in the horizontally differenti-
ated models the goods cannot be ranked in terms of 
some quality index because preferences are diverse 
and asymmetric. Tastes follow some distribution ac-

ross the characteristic space and each consumer de-
termines her most preferred location. An alternative 
approach for product differentiation is to examine 
the case where preferences are defined over the set 
of all possible goods where a central feature is prefe-
rence symmetry. This approach makes extensive use 
of representative consumer models.9 

Therefore, a natural question concerns whet-
her contradictory results arise from inconsistencies 
in the definition of product differentiation. If this is 
the case, then a possible extension to address this 
inconsistency would enable us to produce more ge-
neral rules for the relationship between the efficient 
make-or-buy decision and the irrelevancy of input 
prices. 

This is the central idea motivating this line of re-
search. The remainder of this essay is organized as 
follows. The general assumptions and definitions are 
outlined in Section 2. The Bertrand price competiti-
on model, as a representative consumer model, for 
homogeneous and differentiated products is emplo-
yed and evaluated in a yardstick framework in Sec-
tion 3.  Section 4 summarizes the key findings and 
concludes.10

2. GENERAL ASSUMPTIONS AND DEFINITIONS

An incumbent and an entrant are assumed to 
compete in a duopoly setting in the market for the 
downstream product. Each unit of downstream out-
put requires one unit of the upstream input and one 
unit of the downstream input that is self-supplied 
by the individual firm. The entrant has an option to 
buy the upstream input from the incumbent at a 
price which is set by the regulator.11,12  Let w deno-
te the wholesale price of the upstream input when 
the entrant purchases the upstream input from the 
incumbent. The constant unit cost of producing the 
upstream input for the incumbent and the entrant 
are denoted by I

uc  and E
uc  , respectively. In addition,

I
dc  and E

dc  denote the constant unit cost of produ-
cing the downstream input for the incumbent and 
the entrant, respectively.

3. BERTRAND PRICE COMPETITION

Onemli (2010) showed that Sappington’s (2005) 
main result concerning input price irrelevance is 
sensitive to the underlying assumptions regarding 
product differentiation even in the Hotelling locati-
on sttructure. When the firms’ products are differen-
tiated in more than one characteristic, input prices 
are no longer irrelevant. Since the vertical differenti-
ation model cannot allow modeling the homogene-
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ous product case, we require a somewhat different 
modeling framework to determine the relevance of 
input prices for intermediate cases between homo-
geneous and differentiated products. We then apply 
the representative consumer approach to determine 
whether the irrelevance of input prices exhibits a si-
milar pattern in the cases of homogeneous and dif-
ferentiated products. In this respect, a simple Bert-
rand price competition model for homogeneous and 
differentiated product cases is employed to investi-
gate efficient make-or-buy decisions. First a duopoly 
setting with homogeneous products is considered. 
The analysis is then extended to the differentiated 
products case.

3.1. Homogeneous Products Bertrand          
Competition

We first note that Bertrand price competition 
for homogeneous products results in what has be-
come known as the Bertrand Paradox. The Bertrand 
Paradox reaches the conclusion that under the as-
sumption of two firms producing goods that are 
“non-differentiated” in that they are perfect substi-
tutes in consumers’ utility functions, the two firms 
price at marginal cost and they do not make positive 
profits when firms have symmetric constant costs in 
equilibrium.13 In the asymmetric cost case, however, 
both firms set a price equal to the higher marginal 
cost and the firm with lower marginal cost makes a 
profit whereas the higher marginal cost firm realizes 
zero profit. However, the proof for the asymmetric 
marginal cost case is not as straightforward as the 
symmetric case. The asymmetric case gives rise to 
the “openness problem,” and cannot be solved un-
less some additional assumptions are made.14  

To keep the analysis simple, the downstream in-
put cost for both firms is assumed to be zero. This 
assumption does not affect our model’s qualitative 
results and yet greatly reduces non-substantive mat-
hematical complexities. Similarly, in the Hotelling 
model, the incumbent is not allowed to have negati-
ve profit if the entrant prefers to buy the input from 
incumbent. Hence the case where Ic w>  is exclu-
ded. Otherwise, the incumbent firm would incur ne-
gative profits and would therefore not be financially 
viable.

Assume the incumbent and the entrant produce 
an identical product, and each firm incurs a marginal 
cost  ic  where ,i I E=  . The market demand func-
tion is given by

( )

1( , ) ( )
2

0 .

i i j

i i j i i j

i j

D p if p p

D p p D p if p p

if p p

<

= =


>

The firms choose prices simultaneously. As stated 
above, the unique Nash equilibrium of this game is 
that both firms charge the price equal to the higher 
marginal cost. Therefore, the unique Nash price will 
be max{ , }I Ec c   if each firm individually provides the 
input, and w if the entrant buys the input from the 
incumbent.

 Under the specified assumptions, whenever 
the entrant buys the input from the incumbent, it 
earns zero profit since 

1( ) ( ) 0
2

E
B w w D wΠ = − =  . Hence 

the entrant’s profit is invariant to the buy decision. 
Notice that the incumbent’s viability condition plays 
a crucial role here.15  Related to this, there is an inte-
resting feature of the specified game structure that 
should be noted. Under the specified conditions, if 
the entrant purchases the input from the incumbent, 
the openness problem may disappear since the in-
cumbent may not need to undercut its price in or-
der to secure the entire market. In other words, the 
incumbent may find that not undercutting its pri-
ce is more profitable in this case. Specifically, if the 
entrant purchases the input, the incumbent’s profit 
is  1 1( ) ( ) ( ) ( )

2 2
I I I
B w c D w w c D wΠ = − + −  which is equivalent 

to ( ) ( )I I
B w c D wΠ = −  . However, if the incumbent under-

cuts its price by ε  to ensure that it secures the en-
tire market, its profit will be ˆ ( ) ( )I I

B w c D wε εΠ = − − −  
which is lower than the previous profit if the de-
mand function is sufficiently inelastic. The less elastic 
the demand function, the more likely the openness 
problem will disappear. Hence the incumbent will 
not have any incentive to secure the entire market 
under the specified conditions. 

Let us turn our attention to the entrant’s effici-
ent make-or-buy decision. The following propositi-
on asserts that in the homogeneous products case, 
the incumbent’s viability constraint binds and the 
entrant’s make-or-buy decision is independent of in-
put prices.

Proposition 1: In the equilibrium of the homoge-
neous products Bertrand game: (a) the entrant prefers 
to make the input if and only if  I Ec c>  and (b) other-
wise the entrant is indifferent between buying and ma-
king the input.

Proposition 1 reveals that the entrant’s make-
or-buy decision is irrelevant to the input price. The 
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entrant makes the input whenever it is the least-
cost supplier of the input. However, when it is not 
the least-cost supplier the entrant is indifferent to 
either case. To see the irrelevancy of the input pri-
ce for part (b), consider the following two cases: (i) 

E Ic w c> ≥  and (ii) .E Iw c c> ≥  First, in the case 
where ,E Ic w c> ≥  if the entrant makes the input 
both firms will charge price Ep c= , and the entrant 
makes zero profit while the incumbent makes posi-
tive profit, 1( ) ( )

2
I E I E
M c c D cΠ = −  . Conversely, in the 

case where ,E Ic w c> ≥  if the entrant makes the in-
put, then the market price Ep c=  , the firms’ profits 
are 1( ) ( ) 0

2
E E E E
M c c D cΠ = − =  and 1( ) ( )

2
I E I E
M c c D cΠ = −  . 

Hence, in the case where E Ic c≥ , the entrant is indif-
ferent to the make-or-buy decision. Comparing the 
cases ( Ec w≥ ) and ( Ew c> ) reveals that the entrant’s 
equilibrium profit is not affected. In words, whether 
the entrant’s marginal cost exceeds the input price 
that is set by the regulator or not, the entrant reali-
zes zero profit in equilibrium. Observe that the via-
bility condition of the incumbent plays a crucial role 
for the irrelevancy of input prices in the homoge-
neous products Bertrand framework. However this 
assumption plays the same role as the financial vi-
ability assumption in the standard Hotelling model. 

3.2. Differentiated Products Bertrand           
Competition

As shown in the previous sub-section, input pri-
ces are irrelevant in the homogeneous products Bert-
rand framework. The next logical question concerns 
whether this property of input prices is sensitive to 
the degree of product differentiation. As discussed 
in the introduction, there are three commonly used 
methods to model product differentiation. The rep-
resentative consumer based product differentiation 
models are the most commonly used models in the 
literature. The following simple Bertrand competiti-
on model is one of these types of product differen-
tiation models. Gayle and Weisman (2007b) examine 
the entrant’s make-or-buy decision in the two-stage 
game framework. In the first stage, the incumbent 
chooses investment in innovation and competes 
against an entrant in the second stage. Although 
their model is similar to ours, they do not examine 
the irrelevance of input prices. 

Let inverse market demand functions be given 
by i i j

i iP Q Qα β γ= − −  where ,i I E=  and i j≠ .16  Note 
that the cross-price effects are symmetric as required 
for well-behaved consumer demand functions. Using 
this inverse demand system, the direct demand 
system can be expressed as: I I E

I IQ a b P dP= − +  and   

.E I E
E EQ a dP b P= + − Note that the relation between 

the parameters in the two systems can be expressed 
as ( ) /i i j ja α β α γ δ= − , i jb β δ=  for i j≠ , ,i I E=  
and d γ δ=  where 2.I Eδ β β γ= −    

Equilibrium price (P), output level (Q), and pro-
fits (П) of the entrant are characterized in Lemmas 1 
and 2. The equilibrium values of the variables for the 
entrant are denoted by the superscript E, and the 
subscript M and B are used to denote the equilibri-
um values of the make-and-buy cases, respectively. 

Lemma 1: If the entrant chooses to produce the 
upstream input itself, its equilibrium retail prices, out-
puts, and profits are given, respectively, by:

( ) ( ) ( )
( )2

2 2
;

4

E E I I
E I I I E u d I u dE

M
I E

a b a d b b c c b d c c
P

b b d

+ + + + +
=

−
           (1)

( ) ( )( ) ( )
( )

2

2

2 2
;

4

E E I I
E I I I E u d I u dE

M E
I E

a b a d b b d c c b d c c
Q b

b b d

+ − − + + +
=

− and(2)

( ) ( )( ) ( )
( )

22

2

2 2

4

E E I I
E I I I E u d I u dE

M E
I E

a b a d b b d c c b d c c
b

b b d

 + − − + + +
 Π =

−   (3)

Lemma 2: If the entrant chooses to buy the upstre-
am input from the incumbent, its equilibrium retail pri-
ces, outputs, and profits are given respectively by: 

( ) ( ) ( ) ( ) ( )
( )

2

2

2 2
;

4

E I I I
E I I I E d I u d dE

B
I E

a b a d b b w c b d d c c d w c
P

b b d

+ + + + − + + +
=

−
 (4)

( ) ( )( ) ( ) ( ) ( )
( )

2 2

2

2 2

4

E I I I
E I I I E d I u d dE

B E
I E

a b a d b b d w c b d d c c d w c
Q b

b b d

+ − − + + − + + +
=

−
(5)

( ) ( )( ) ( ) ( ) ( )
( )

22 2

2

2 2
.

4

E I I I
E I I I E d I u d dE

B E
I E

a b a d b b d w c b d d c c d w c
b

b b d

 + − − + + − + + +
 Π =

−  
(6)

The following proposition asserts that in the dif-
ferentiated product case, the entrant’s make-or-buy 
decision is not independent of the level of the input 
prices.

Proposition 2: In the equilibrium of the differenti-
ated products Bertrand model: (a) the entrant prefers 
to buy the upstream input from the incumbent rather 
than make it if and only if ( ) ( )

2

2

2 ;I EI E
u u

b b dw c w c
d

 −
− > − 

 
 

and (b) the entrant prefers to make the upstream input 
itself when ( ) ( )

2

2

2I EI E
u u

b b dw c w c
d

 −
− < − 

 
.

Proposition 2, part (a) reveals that E I
u uc c>  is not a 

necessary condition for the entrant to buy the input 
from the incumbent. When the incumbent makes 
zero or negative profit from the upstream market, 
thereby implying that I

uw c≤ , the entrant’s buy deci-
sion condition holds if and only if E I

u uc c> . However, 
when the incumbent earns positive profit from the 
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upstream market ( I
uw c> ), if the firms have symmet-

ric upstream marginal costs( I E
u uc c= ), the specified 

inequality in the Proposition 2, part (a) holds since 
2

2

2 1I Eb b d
d

 −
> 

 
. 

However, the case where the incumbent is the 
least-cost supplier ( E I

u uc c> ) is ambiguous. In this 
case, the entrant may or may not buy the upstream 
input. Specifically, as the firms upstream production 
costs converge to one another and when 

2

2

2 I Eb b d
d

 −
 
 

 

is sufficiently close to 1, the entrant is less likely 
to buy the upstream input. In other words, when 

E I
u uc c> , the entrant would prefer to make the input 

for a sufficiently large input price w, implying that 
( ) ( )

2

2

2I EI E
u u

b b dw c w c
d

 −
− < − 

 
 is a possibility in this case. This 

case also underscores the relevancy of input prices 
because it is possible for the entrant to have a higher 
upstream input production cost and still prefer to 
make the upstream input instead of buying it from 
the incumbent. Hence, within the limits of the mo-
del specified here, the input price is not irrelevant for 
the entrant’s make-or-buy decision.  

Note that the conditions of Proposition 2 mo-
ves toward the homogeneous products case when 

2

2

2 I Eb b d
d

 −
 
 

 approaches 1 since 
2

2

2 I Eb b d
d

 −
 
 

 mea-

sures the degree of product differentiation. When   
2

2

2 I Eb b d
d

 −
 
 

equals 1, this implies that I Eb b d= = , and 

the demand system may not be well-defined. Howe-

ver, it is possible to say that as 
2

2

2 I Eb b d
d

 −
 
 

 approac-

hes 1 in the limit, the products of the firms become 
more homogeneous and the greater the degree of 
homogeneity, the less relevant are input prices in 
equilibrium. Hence, this framework suggests that 
the irrelevancy of input prices depends on the deg-
ree of product differentiation. Specifically, within the 
Bertrand competition setting, if the entrant’s and 
incumbent’s products are homogeneous, then the 
input prices are irrelevant. Conversely when both 
firms’ products are differentiated, the input prices 
become relevant. 

4. SUMMARY AND CONCLUSION

The primary objective of this paper is to exami-
ne the relationship between product differentiation 
and the irrelevance of input prices for the entrants’ 
make-or-buy decisions. We find that Sappington’s 
main result on the irrelevance of input prices is sen-
sitive to the particular level of product differentiati-
on in the representative consumer approach. Specifi-
cally, Sappington’s results concerning the irrelevance 
of input prices depend on the limitations of the stan-
dard Hotelling location model for product differen-
tiation. 

 It is shown that even under the Bertrand price 
competition framework, Sappington’s main result 
concerning the irrelevance of input prices for make-
or-buy decisions is undermined. Our findings serve 
to establish that input prices for make-or-buy deci-
sions are irrelevant if the incumbent and the entrant 
produce identical products, and relevant if the firms 
produce differentiated products. The policy impli-
cations of these results are important. Unless the 
incumbent’s and entrant’s products are perfectly ho-
mogeneous, regulatory agencies should seek to set 
efficient prices to minimize distortions.

The models employed in this study treat product 
differentiation as independent from the actions of 
firms since the product differentiation definition re-
lies solely on consumer preferences. Therefore, the 
static game structure given in this context yields 
the same results with those of sub games when the 
game structure is extended to the repeated game. 
In other words, when product differentiation is as-
sumed to be exogenous, the qualitative results of 
given static game are parallel to those of the sub 
games in dynamic setting. However, in reality firms 
exert significant effort and go to great expense to 
differentiate their products from those of their rivals. 
The implication being that the results of the static 
games may deviate from the equilibrium values of 
sub games in dynamic game structure. Specifically, 
with this extension, the entrant will seek to maximi-
ze its dynamic or inter-temporal profits rather than 
focusing on profits of a specific period as a result of 
myopic behavior. Additionally, new products may 
require upgraded technology facilities by reducing 
amount and kinds of elements that can be bought 
from the incumbent. Thus, employing models where 
the degree of product differentiation is endogenous 
to the firms may be a fruitful avenue for future rese-
arch.
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1 The 1996 Telecommunication Act Section 251 (d)
(2): In determining what network elements should be 
made available for purposes of subsection (c) (3), the 
Commission shall consider, at a minimum, whether

(A)  access to such network  elements as are propri-
etary in nature is necessary; and

(B) the failure to provide access to such network 
elements would impair the ability of the telecommunica-
tions carrier seeking access to provide the services that it 
seeks to offer.

2 See Kahn,Tardiff and Weisman (1999) for a comp-
rehensive discussion of the economics underlying the 
1996 Telecommunications Act. 

3 See Armstrong, Doyle and Vickers (1996), Ams-
trong and Vickers(1998) and Armstrong (2002) for a 
comprehensive analysis of access pricing.  See Hausman 
and Sidak (1999) for the effects of unbundling policies 
on consumer welfare. See Crandall, Ingraham and Sin-
ger (2004) and Hazlett (2006) for the effect of manda-
tory network sharing on facilities-based investment.

4 See Weisman (2000) and Weisman (2002).
5 TELRIC costs are determined based on the cost 

structure of an “ideally-efficient” provider. See Weis-
man (2000) and Kahn, Tardiff and Weisman (1999) for 
comprehensive discussion of these issues.

6 See the FCC(2005, para 220).  The FCC continu-
ed this line of thinking when it removed mass market 
switching as an unbundled network element, in part, 
because TELRIC-based prices for switching discouraged 
investment in facilities-based networks.

7 See Gayle and Weisman (2007a, p. 201).
8 Following Gayle and Weisman (2007a), Mandy 

(2009) showed that input prices are relevant except for 
make-or-buy decisions except under restrictive assumpti-
ons on the demand structure in a more general setting. 

9 See Beath and Katsoulacos (1991) for an extensive 

review of the literature on production differentiation.
10 It is not possible to use the vertical differentiation 

model as a complete yardstick model since the homoge-
neous product case cannot be examined using this fra-
mework.

11 Note that following Sappington (2005), Gayle and 
Weisman (2007a), we focus on one-way access pricing. 
In one-way access pricing only competitors require vi-
tal inputs from the incumbent. In the case of two-way 
access pricing, all firms in the market need to purchase 
critical inputs from each other. 

12 The regulator attempts to set an input price that is 
lower than the monopoly price of the product to allow 
effective downstream competition.

13 See Tirole (1989, p. 209-211).
14 In the asymmetric cost case, the firm with lower 

marginal cost actually wants to set a price ε  below the 
high-cost firm’s marginal cost to secure the entire mar-
ket. It wants to choose infinitesimally close to 0, but 
such an ε  does not exist. See Tirole (1989, p. 234).

15 Since w ≥ cI whenever the entrant buys the input, 
both firms charge p=w, so the entrant makes zero profit 
in equilibrium.

16 These linear inverse demand functions are ob-
tained from Singh and Vives (1984). Singh and Vives 
model an economy with a monopolistic sector with two 
firms, each one producing a differentiated good, and 
a competitive numeraire sector. In their linear model, 
there is a continuum of consumers of the same type 
with a utility function separable and linear in the nu-
meraire good, implying there are no income effects on 
the monopolistic sector. The representative consumer 
maximizes 

2

1( , ) .1 2 ii iU q q p q=− ∑  The utility of the con-
sumer is assumed to be quadratic and strictly concave 

( )2 2
1 1 1 2 2 21 2 1 1 2 2( , ) 2 2U q q q q q q q qα α β γ β= + − + + , where iα  and    

iβ are positive, 1, 2i = , 2
0i jβ β γ− > , and 0i j jα β α γ− >  for  

i j≠ , 1, 2i = . Hence, this utility function yields a li-
near demand structure with inverse demands given by 

i

i i i jP q qα β γ= − − .

END NOTES
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